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Abstract

Electronic health records are being adopted at a rapid rate due to increased funding from the US federal government. Health data
provide the opportunity to identify possible improvements in health care delivery by applying data mining and statistical methods
to the data and will also enable a wide variety of new applications that will be meaningful to patients and medical professionals.
Researchers are often granted access to health care data to assist in the data mining process, but HIPAA regulations mandate
comprehensive safeguards to protect the data. Often universities (and presumably other research organizations) have an enterprise
information technology infrastructure and a research infrastructure. Unfortunately, both of these infrastructures are generally not
appropriate for sensitive research data such as HIPAA, as they require special accommodations on the part of the enterprise
information technology (or increased security on the part of the research computing environment). Cloud computing, which is a
concept that allows organizations to build complex infrastructures on leased resources, is rapidly evolving to the point that it is
possible to build sophisticated network architectures with advanced security capabilities. We present a prototype infrastructure
in Amazon’s Virtual Private Cloud to allow researchers and practitioners to utilize the data in a HIPAA-compliant environment.

(J Med Internet Res 2013;15(3):e63)   doi:10.2196/jmir.2076
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Introduction

Intended Audience
This paper presents an overview of current challenges in the
research community as health care data are utilized to explore
personalized medicine and other information technology–related
advancements. This work attempts to address an appropriate
network and systems architecture to support compliance with
Health Insurance Portability and Accountability Act (HIPAA)
regulations in the United States in a research environment. The
intended audience of the article is computer scientists, network
administrators, principal investigators, and managers of research
programs that utilize, or want to utilize, protected health
information (PHI) in their research programs. The reader is
expected to be familiar with basic computer science principles
and terms, such as subnetwork, firewall, router, virtual local

area network (VLAN), access control lists, and event logging.
Additionally, the reader should have a basic understanding of
computer system configuration and network architectures.
Where appropriate, the paper references material that may be
helpful for readers to acquire indepth knowledge of the concepts,
but we attempt to explain the necessary knowledge to understand
the paper.

Background
The growing adoption of electronic health records provides a
rich source for data mining in order to identify patterns and
trends in health care data. Many communities across the United
States have or are forming health information exchanges (HIE).
Health information exchanges serve as a common hub for data
exchange. These organizations enable health care organizations
to transfer data by contacting a common hub, the HIE, instead
of maintaining connections with numerous peer organizations.
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Health information exchanges can also provide data to
researchers. We expect that this trend will grow since
universities (and other research organizations) can reach a legal
agreement with the HIE for data exchange instead of negotiating
with numerous organizations. The fundamental challenge in
enabling such data partnerships is to provide a secure
environment for data sharing and adhering to HIPAA, as
necessary. A rarely discussed but relevant aspect of creating “a
secure environment” in the research community is the ability
to define the network and systems architecture to suit the
relevant requirements. Organizations, such as hospitals and
large medical research complexes, likely have architected their
entire information technology infrastructure to support protected
health information.

However, in general research environments or enterprise
environments, the information technology systems are designed
to support several stakeholder groups and their reconfiguration
is not undertaken lightly (in our experience). A research
university often has at least two types of network security zones
for workstations and other computing clients: a zone to support
financial systems, student information systems, and general
business functions and a zone to support research systems that
is generally less restrictive in use (and occasionally open to
external parties). Often workstations are placed into one zone.
Servers and other centralized services are typically placed in a
series of private zones within a data center network, with
appropriate access to the other zones to permit, for example,
employees to access the financial databases and for students
and faculty to access files stored on central servers.

A server to support sensitive health data does not fit into this
model, as it is neither an enterprise computing system, such as
a financial database, nor a research system that should be
accessed by internal and external parties. A system to support
the data mining of health information should be a private server
that is accessible to only a few authorized individuals, with
appropriate support to implement auditing and other
requirements for HIPAA compliance. Frequently, provisioning
new servers in a data center is a slow process due to the
necessity to configure new networks and coordinate the physical
installation of hardware. Amazon’s Virtual Private Cloud (VPC)
service offering allows researchers to rapidly provision networks
and servers. The features of the Amazon VPC cloud service
allow network architects to build sophisticated networks, just
as they would in a physical environment. Ultimately, universities
and other organizations are likely to set up private clouds that
allow researchers to rapidly provision networks and servers that
suit a variety of needs. However, the concepts and commentary
are largely applicable regardless of whether the researchers
utilize a private cloud or a public offering such as Amazon.

Even if the data are anonymous/deidentified, it is important to
implement the relevant privacy, access, and security safeguards
as a matter of information security best practices. In this paper,
we present our experience in setting up Amazon’s “Virtual
Private Cloud offering” [1], a part of Amazon EC2, for health
data exchange. We provided a server with Mirth Connect [2],
an open source tool that can connect to health information
systems (see Appendix 1). We used Mirth Connect to do a pilot
run with a health exchange that provided us anonymized and

scrubbed data about patients using the HL7 message format
[3,4] over an SSL connection (see Appendix 2). We were able
to use Mirth Connect to integrate real-time health data.
Obviously, security and privacy were of paramount concern,
and we wanted to explore the feasibility of creating a HIPAA
compliant environment so that other institutions, researchers,
and practitioners could potentially work with protected health
information (PHI). Our goal with this paper is to demonstrate
the necessary steps to set up a Mirth Connect server (although
other health data exchange tools could be used) within the
Amazon VPC environment, addressing HIPAA compliance
where necessary. We should note that three groups of students
from the Healthcare Analytics course at the University of Notre
Dame successfully incorporated the Mirth Connect framework
into their group projects. The students successfully completed
the relevant Human Subjects training as part of the curriculum
as well. While the health exchange provided simulated data to
the students, we believe the infrastructure allows for anonymized
patient data.

HIPAA Requirements
Broadly speaking, HIPAA (1996) requires the US Department
of Health and Human Services to adopt national standards for
health care transactions and code sets, unique health identifiers,
privacy, and security [5]. The transaction and code set standards
discuss the content and format for various types of transactions
including claim filings, claim status, payment advice, and other
types of electronic data transactions that occur between specific
types of health providers, health plans, and data clearinghouses.
The rules that govern transactions and code sets are maintained
by the Centers for Medicare & Medicaid Services [6]. These
rules primarily concern software vendors, data clearinghouses,
and health plans and apply regardless of the computational
environment. This paper assumes that the organization is
formatting transactional data according to the standards for data
exchange, as these transactions are created within applications
and their implementation is independent of the server and
network architecture. This work does not discuss the various
data exchange formats since the authors are not developing data
exchange software or proposing alternative data exchange
standards. This work focuses on the privacy and security rule,
as their implementation depends on the computational
environment that is utilized to host the servers and network.
The privacy rule and security rule mandate standards for the
protection of data and accompanying monitoring and auditing
to ensure that the protections are functioning adequately.
Compliance with the privacy rule and security rule became
mandatory in 2003 and 2005, respectively, with a 1-year
extension for small health plans.

Privacy Rule Overview
The intent of the Privacy Rule was to ensure that patients’
privacy was respected as electronic transactions increasingly
shared data across many organizations. The Privacy Rule [7]
component of HIPAA broadly concerns the use of individually
identifiable health information, which is frequently referred to
as “protected health information” (PHI). The law is designed
to ensure that consumers’ PHI is handled appropriately within
the health organization and only shared with outside entities
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according to the uses permitted by law. The Privacy Rule largely
focuses on organizational and legal issues, such as requirements
for disclosure accounting, permissible PHI disclosures, and
other issues surrounding the privacy and disclosure of PHI. In
a research environment, this paper assumes that the organization
is entitled to the data and does not need to exchange the data
with other entities. This paper does not focus on the
organizational and legal requirements surrounding data
disclosure to third parties. It is worth noting that the Privacy
Rule and Security Rule mandate that an organization appoint a
privacy officer and a security officer. Additionally, the
organization is required to maintain policies that are consistent
with HIPAA (and any state and local laws). The Privacy Rule
and Security Rule requirements are applicable regardless of
whether an organization maintains their own infrastructure or
utilizes cloud computing. However, this paper discusses the
more interesting information technology aspects of
implementing HIPAA compliance in a cloud computing
environment—the challenges of addressing the safeguards in
the Security Rule.

Security Rule Overview
The security of the server depends on the physical security of
the server and network, the operators and users of the server,
and the configuration and management of the applications,
operating system, and network. Examining this from a HIPAA
compliance standpoint, there are several sections in the Security
Rule that we address, including “Risk Analysis and
Management”, “Administrative Safeguards”, “Physical
Safeguards”, and “Technical Safeguards”.

Use Cases
Several use cases serve to highlight the obstacles to utilizing
enterprise and research computing environments.

Research Health Data

Assume that a researcher from organization O1 wants to obtain
PHI from organization O2 for a research project and wants to
collaborate on the project with collaborator C1 and collaborator
C2 at organization O2 and O3, respectively. Also assume that
the requisite permission for sharing the PHI is available. It is
determined by the Information Security department at the
researcher’s organization that the PHI should be stored in
encrypted files on a server with server access granted to the
researcher and collaborator C1 and C2. Personnel at O1 could
create accounts for O2 and O3, but all remote users (through a
virtual private network V1) at O1 have network access to all
systems at O1 on the default network N1. The ideal solution
would be to create a new network N2 and a new remote user
group, V2 and allow only users in V2, a separate VPN (virtual
private network) group, to access N2. While these changes would
be possible at many organizations, they would require the
cooperation of personnel in various departments and manual
changes, since the ability to create this architecture is not
exposed to the researcher. Utilizing a cloud solution, the
researcher could set up a network N2 at Amazon and an
accompanying VPN V2 for the 3 users—the researcher, C1, and

C2. This setup should be provisioned rapidly and easily deleted
when the project was complete.

Health Data Class Projects

Assume that a researcher wants to set up a system to enable a
class of 20 students to work in teams of 4 in miniature data
mining projects, utilizing electronic health care records (EHR),
albeit deidentified. Each group is allowed access to some
element of EHR and not to all, and no group is allowed access
to the entire EHR. To ensure that groups do not attempt to access
other groups’ data and code and to ensure that “the principle of
least privilege” is implemented, five separate networks, named
N1 through N5 will be created, and five separate VPNs will be
created, named V1 through V5. Network N1 will be accessible
only via VPN V1, and network N2 will be accessible only via
VPN V2, and so on, since users assigned to network N2 do not
need to access N1. At the conclusion of the competition, the
networks and VPNs will be deleted. Purchasing a physical server
for one semester is an expensive proposition (assuming that
five virtual machines are utilized so that only one physical server
is required). Requesting the provisioning of five networks and
five VPN groups, along with the associated configuration, for
a semester is likely to be considered a large request, since the
system is not a permanent enterprise system. Utilizing cloud
computing, this task can be provisioned rapidly and even
scripted for repeated use (ie, for the next time the course is
offered). The virtual machines are leased for the exact time that
they are needed, while the onsite solution requires the upfront
purchase of a physical server.

Why Use the Cloud?
While it is possible to build similar architectures in private data
centers, the lead time required to support “research” activity in
an enterprise data center can be significant, since the enterprise’s
resources and policies are aimed toward supporting enterprise
applications, such as accounting, human resources, etc. Often,
research computing environments, such as campus clusters, are
configured in a lower security setting (since they are optimized
for maximum performance and rapid troubleshooting) and do
not support the physical security standards necessary for HIPAA
since various individuals may be permitted to access data centers
and servers. Research computing data center space is typically
optimized for rapid troubleshooting and high performance, with
many physically unlocked racks accessible by various
individuals. Strong physical security standards would likely
dictate that sensitive systems are placed in locked racks, separate
from the main data center space, so that physical access to the
sensitive systems can be audited. Additionally, research
computing environments typically do not allow researchers to
provision private networks, configured to their needs, within a
few days. From a technical perspective, research computing
centers could, and probably will, provide a middleware software
solution that will eventually enable researchers to create their
own customized networks and virtual servers (a private cloud).
However, this type of solution is not currently available at many
institutions. After private clouds are available at research
institutions, the discussion raised in this work should aid
researchers in determining if their organization’s solution is
appropriate for hosting data regulated by HIPAA.
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If a research computing center does not have a private cloud,
researchers are forced to acquire physical servers, assuming
that appropriate physical security can be arranged. However,
the time required to obtain physical servers and coordinate their
installation can range from a few days to a month or more
(including the time necessary to arrange meetings and plan
connectivity). In this situation, researchers are left with the
choice of requesting space in the enterprise data center or
attempting to increase the security posture of the research
computing environment. The authors have typically had to
pursue the former option, as increasing the security posture of
a research computing environment is a significant investment
of resources and would serve only a few users.

Enterprise data centers at research institutions often have many
internal networks in order to partition the enterprise wide area
network into many private networks for specific purposes. For
example, payment processing systems often have their own
network. Additionally, internal databases (ie financial databases)
and other types of back office servers are often segmented from
web servers and public facing systems. Access control lists in
routers and firewalls control the traffic between various private
networks. The ability to dynamically provision networks could
be exposed to researchers as part of a private cloud but would
require extensive access control within the middleware to
prevent malicious users from interfering with the configuration
of mission critical networks and services. Given the purpose of
enterprise networks and services, the managers of such systems
have strong incentives to not expose administrative interfaces
to researchers and other end users to enable a “private cloud”
utilizing the same administrative systems. In the future, it is
possible that robust administrative systems, commonly referred
to as middleware, will be developed that parallel the
functionality of the most sophisticated cloud providers. When
sophisticated middleware is available and research organizations
adopt it, “private clouds” will be available for researchers within
their own institutions or regional consortiums, assuming that it
is cost effective.

Sophisticated cloud computing middleware is largely proprietary
although open source platforms, such as OpenStack, do exist.
However, since many organizations are already utilizing
enterprise virtualization platforms, such as VMware, the task
of enabling private clouds for research is more complicated than
it might appear. Several questions that might be considered are:

• Should organizations set up a secondary private cloud
platform for research workloads or utilize one platform for
enterprise and research workloads?

• If one platform is selected, should this platform be a
proprietary platform or an open source platform?

• Does the platform support an extensible interface to enable
end users to configure network and virtual machines?

• How many physical servers should be devoted to each
platform if two platforms are utilized?

• Will the private cloud platform and data centers be audited
to any standards such as SAS 70 Type II or ISO 27001?

Most of these questions appear to be unresolved at many
research organizations as the cloud platform software is still
evolving and migrating existing systems is an expensive

proposition. When platform software matures, private clouds
may be constructed at research organizations, or research
organizations may elect to utilize regional cloud providers or
providers such as Amazon, depending on the cost and workload.

Commercial cloud providers offer an alternative to physical
servers in local data centers by leveraging the organization’s
architectural assistance to aid the design to ensure that it meets
organizational policies. Advantageously, the systems are placed
in an appropriate environment that is separate from the
organization’s enterprise IT systems and research computing
systems.

Environment
Several major public cloud computing environments exist, such
as Rackspace, Amazon’s EC2 service, and Verizon. These
providers, and many smaller ones, allow customers to run an
operating system of their choice and maintain full control of
their operating system and network environment. These types
of providers can broadly be classified as infrastructure as a
service (IaaS) providers [8]. Platforms such as Microsoft Azure,
often termed platform as a service (PaaS) [8], provide an
application hosting environment, and the system administrators
do not have direct control over the operating system or the
network. Maintaining full control of the operating system allows
system administrators of the leased compute environment to
configure a host-based firewall, set up event logging, and
perform any other customizations that are typical for their
environment and threat model. This paper does not attempt to
argue that it is impossible to achieve HIPAA compliance with
platform as a service providers. We merely note that maintaining
full control of an operating system and network allows the
system administrators to set up servers in an environment that
closely mirrors their internal network and data centers. For
example, if a health organization typically uses software
encryption to protect entire directories on a server, encryption
of specific directories could also be set up in the operating
systems hosted by IaaS providers, since the organization
maintains full control.

While it may be possible to achieve HIPAA compliance when
using PaaS providers, if the providers facilitate appropriate
logging capability and server isolation, we believe that it is
simpler to demonstrate HIPAA compliance with the traditional
model of an organization controlling their own servers and
network. Additionally, the legal and regulatory environment is
more familiar with the concept of an organization maintaining
full control of their operating system and network as opposed
to new models where customers merely maintain control of the
application layer. Information security guidance typically centers
on a “defense in depth” strategy for protecting data, including
the network, operating system, and application running on top
of the operating system. Given the current regulatory
environment, and the similarity between IaaS and organizations’
owned private data centers, we chose to use Amazon’s EC2
“Virtual Private Cloud” (VPC) as our platform. Amazon’s VPC
has several important features that are noteworthy from a
security perspective:

• Private subnets in Amazon’s environment with nonroutable
Internet protocol (IP) addresses
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• Option to assign public IP addresses to servers
• Ability to create a virtual private network (VPN) connection

to Amazon to incorporate servers into the wide area network
of an organization

• Combination of public IP addresses and VPN to create
multitiered services

• Inbound and outbound stateful packet inspection firewall
rules for each server group

• Ability to set up a host-based firewall (if supported in the
operating system)

• Network access control lists (ACL) to control incoming
and outgoing traffic at the subnet level

• Multiple network interfaces for each server to build
sophisticated network architectures

These features, when combined, enable system architects to
create flexible networks that can support a range of security
requirements. If implemented correctly and accompanied by
appropriate plans and monitoring, we think that these features
allow a system to address the privacy and security rules
mandated by HIPAA for electronic personal health information
(e-PHI). Obviously, HIPAA is a complex set of laws,
interpretations of the law, and technical implementations of the
safeguards and consequently involves sophisticated risk analysis.
The authors are not lawyers and advise the reader to seek
appropriate legal counsel. The steps necessary to “ensure
confidentiality, integrity, and availability of all e-PHI they
create, receive, maintain or transmit”, part of the HIPAA
Security Rule [9] for a computerized physician order entry
(CPOE) system with 1000 users, is a significant undertaking.
Ensuring the confidentiality, integrity, and availability of a
research database for 5 users containing a limited subset of
e-PHI data from a HIE is likely to be far simpler than designing
and supporting an environment for a 1000-user CPOE. For
example, 20 minutes of unscheduled downtime can likely be
considered an acceptable risk for a research database. However,
20 minutes of unscheduled downtime for a CPOE could have
disastrous results for a large medical center. The design of a
scalable, available, and secure system for a CPOE in the cloud
to support 1000 users is well beyond the scope of this paper.
The intent of this paper is to analyze Amazon’s EC2 platform
for use as a hosting environment for research datasets and
applications [10], potentially containing e-PHI, referencing the
US Department of Health and Human Services documents [7,9]
where appropriate. Several other providers, such as Rackspace
[11], also support private networking and security groups. The
concept of VPC was proposed by researchers [12] before
Amazon released their “Virtual Private Cloud” as a public
product.

Method

Addressing the Security Rule

Risk Analysis and Management
Risk analysis and management affects the tradeoffs that must
be made when selecting appropriate safeguards. First, the
evaluation of the likelihood and impact of potential risk to e-PHI
needs to be performed. For instance, outside parties may only
obtain a copy of e-PHI data from the HIE, and the original e-PHI

is not at risk for modification. Second, risk remediation
safeguards need to be implemented. Third, a risk analysis and
management plan should be documented and updated as the
environment changes. Risk analysis and management should
be familiar to information security departments, and a similar
analysis process should be followed, regardless of the location
of the virtual server (whether an infrastructure as a service
provider such as Amazon is utilized or an organization’s private
cloud).

Administrative Safeguards
The administrative safeguards follow from the “Risk Analysis
and Management” section above. The organization with e-PHI
must identify and analyze the risks to e-PHI and implement
security measures to mitigate the risks. Additionally, the
organization should designate a security official that is
responsible for developing and implementing its security
policies. An information access management policy should
ensure that the Privacy Rule standards are met by enforcing the
minimum disclosure necessary to support the task. Additionally,
access to e-PHI data should be granted based on the user’s or
recipient’s role. The security rule also requires that an
organization must provide appropriate authorization and
supervision of workforce members with access to e-PHI, train
all members with access to e-PHI (according to the
organization’s policies and procedures), and apply appropriate
sanctions against members who violate the policies. HIPAA
mandates that organizations periodically assess the effectiveness
of their policies and procedures.

Physical Safeguards
Physical safeguards are composed of two broad items—“Facility
Access and Control” and “Workstation and Device Security”.
“Facility Access and Control” refers to “limiting physical access
to its facilities while ensuring that authorized access is allowed.”

Infrastructure as a service offerings provide acceptable “Facility
Access and Control” for the network (the network that supports
the virtual servers) and virtual servers if the organization
considers the providers’ standards acceptable. Amazon EC2’s
service has completed a SAS 70 Type II audit, obtained ISO
27001 certification, and PCI level DSS validation as a level 1
service provider.

Our prototype’s environment is Amazon’s VPC, a configurable
infrastructure as a service offering of Amazon’s EC2 service.
The VPC enables customers to set up a private multitier network
architecture, utilizing a subset of instance types available in
EC2. The micro and the cluster compute instance types are
currently unavailable in the VPC. This feature is not typically
available to researchers at most research organizations unless
they have a highly configurable cloud platform with extensive
security and auditing tools.

Workstation and Device Security is also an important component
of the security plan, and its importance cannot be overstated. If
users’ workstations are in unsecured areas, without appropriate
physical security, this presents a risk that has serious
consequences. For example, if SSH keypairs are utilized without
passphrases (or with weak passphrases) and stored on local file
systems without any encryption, a basic attack could retrieve
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the private SSH key from a workstation when the user is not
present, and the attacker could use the stolen credentials to
impersonate the user. Similarly, keyboard logging software
could be used to retrieve a user’s private key passphrase, or
standard SSH password. Once a user’s credentials are
impersonated, the attacker can gain access to e-PHI data on
remote servers, potentially comprising e-PHI data. If user
impersonation occurs, the ability to determine who
inappropriately accessed e-PHI data is lost. One possible
technical solution to reduce the risk of credential theft would
be to implement smart cards.

There are many other types of attacks that can be launched from
within an organization, and they are beyond the scope of this
paper. The risk mitigation strategies are also beyond the scope
of this paper. In addition, it would be impossible for the authors
to comment on the readers’ environments because various
organizations maintain different volumes of data, are subject
to numerous types of laws (local, state, and obviously the federal
HIPAA laws which mandate a minimum federal standard) and
contracts, and experience their own threats. However, these
examples serve to motivate the importance of workstation and
device security.

Cloud computing does not remove the need to provide a
trustworthy computing environment for workstations and other
devices in use at an organization. It is paramount for access
control, auditing, and integrity controls (below) to provide a
trustworthy computing environment for user workstations so
that user identity can be ascertained. User authentication is vital
so that appropriate authorization decisions can be made by the
servers containing e-PHI data. The organization’s information
security and technology departments should provide a
trustworthy environment for the organization’s devices and
assist with the necessary risk and mitigation strategies that are
appropriate for their specific environment.

The need for physical security also applies to the cloud
administrator, privacy manager, security manager and any other
key positions that have administrative control over systems with
e-PHI data. Obviously, if the user credentials of the cloud
manager are compromised, the trustworthiness of the audit
records, e-PHI data, and the virtual servers is suspect. Our lab
maintains a private data handling room for use by key personnel
so that tampering with “important” workstations requires a
higher level of determination and sophistication compared to a
workstation in a public area shared by many individuals.

The workstation and device security section also includes
requirements for the protection of e-PHI on electronic media.
For example, when electronic media are transferred, removed,
disposed, or re-used. Cloud-based block storage, such as
Amazon’s Elastic Block Store (EBS) [13], should be treated
the same as a magnetic or solid state disk. Before the volume
is “disposed” by deleting it from an Amazon EC2 account, the
volume should be sanitized using an approved wiping tool. This
sanitization process can be achieved in the cloud by:

1. powering off the server S, but not terminating it

2. detaching the EBS volume, named J, from the original
server instance S

3. attaching the EBS volume J as an additional volume to the
wiping instance, W

4. mounting the volume, J, from within the operating system
of the wiping instance, W

5. wiping the EBS volume, J, from within W using an
appropriate tool

Next Steps for Workstation and Device Security

The organization should put in place a robust workstation and
physical device security program (or re-evaluate their current
program). This program should establish various classes of users
and ensure an appropriate environment for each user class. For
example, the user class that has administrative oversight of the
cloud computing environment should be granted appropriate
attention.

Technical Safeguards
Technical safeguards are perhaps the most interesting of the
Security Rule safeguards in an infrastructure as a service
environment. Technical safeguards in a HIPAA environment
consist of four primary categories: access control, audit controls,
integrity controls, and transmission security. Access control
ensures that only authorized persons are able to access e-PHI
data. This is implemented in our environment with SSH2 RSA
keypairs to link Unix login names to actual users, as SSH
password login can be vulnerable to timing attacks [14]. Users
created a keypair with a passphrase to protect the private key
and were trained to store the private key on secure storage.
Access control was strengthened by implementing host-based
firewall rules (this also allows the capture of firewall audit
records for audit and monitoring purposes), Amazon Security
Group firewall rules (a stateful packet inspection firewall) that
are applied to individual servers (see Tables 1 and 2), and
network access control rules (nonstateful ACL rules) to control
traffic between networks in the virtual private cloud (see
Appendices 3-6). Our network configuration is presented in
Figure 1. The audit server has its own private network and the
corresponding security group is configured according to Table
1. The analytic servers are segmented to their own network, and
the security group rules are presented in Table 2. For those
interested in accessing SSH and other services over a VPN
connection, an IPsec VPN can be constructed to the Amazon
Virtual Private Cloud so that SSH and other traffic from an
organization is tunneled over an encrypted connection. As a
worst case scenario, assume that a vulnerability in an application
level protocol is identified (such as SSH), and the password can
be guessed based on the pattern of VPN traffic (which is itself
based on the application level traffic, such as SSH) and
passwords are obtained for this application. The malicious
individual would not be able to use these credentials unless they
could access the VPN connection to the VPC, bypass Amazon’s
firewall and network access lists (assuming that all credentials
obtained were used to access resources in the virtual private
cloud and the passwords were not shared with any other systems
external to the virtual private cloud), or collaborate with an
internal user.
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Table 1. Audit network security group rules.a

PurposePort/ProtocolSource or Destination AddressDirectionItem #

SSH traffic for management22/TCPData Handling RoomIN1

Splunk SSL connection for management of
monitoring software

8000/TCPData Handling RoomIN2

Syslog traffic from servers10514/TCP10.0.1.0/24IN3

Retrieve operating system patches80/TCP0.0.0.0/0 (any network)OUT4

DNS lookup53/UDP10.0.0.2/32OUT5

DHCP server in Amazon Virtual Private Cloud67/UDP10.0.0.1/32OUT6

NTP servers for time synchronization123/UDP0.0.0.0/0OUT7

aThe Security Group is composed of two rule sets, inbound and outbound. The order of the rules is not important, but they are numbered for convenience
in the table. When the direction is “IN”, the address field represents a source address. When the direction is “OUT”, the address field represents a
destination address. Amazon’s web-based tools automatically populate the type of address field since each type of security group (IN or OUT) is stateful
and automatically has an accompanying rule in the opposite direction to enable the traffic specified in that particular rule. An “OUT” rule in a stateful
firewall can only control traffic to a destination.

Table 2. Security group for analytics servers.a

PurposePort/ProtocolSource or Destination AddressDirectionItem #

SSH traffic for users at our campus22/TCP129.74.0.0/16IN1

SSL access for Apache web server to support web appli-
cations

443/TCP129.74.0.0/16IN2

SSL access to retrieve data from HIE443/TCPHIE_IP/32OUT3

Syslog traffic to audit server10514/TCP10.0.0.10/32OUT4

DNS lookup53/UDP10.0.0.2/32OUT5

DHCP server in Amazon Virtual Private Cloud67/UDP10.0.0.1/32OUT6

NTP servers for time synchronization123/UDP0.0.0.0/0OUT7

aThe Security Group is composed of two rule sets, inbound and outbound. The order of the rules is not important, but they are numbered for convenience
in the table. When the direction is “IN”, the address field represents a source address. When the direction is “OUT”, the address field represents a
destination address. Amazon’s web-based tools automatically populate the type of address field since each type of security group (IN or OUT) is stateful
and automatically has an accompanying rule in the opposite direction to enable the traffic specified in that particular rule. An “OUT” rule in a stateful
firewall can only control traffic to a destination.

Amazon provides three methods of interacting with their
management interface, which is utilized to create and terminate
virtual servers and manage networking (including Security
Group firewall rules and network access control lists). These
methods are currently the Amazon AWS web-based
management console, Amazon API Access Keys, and X.509
certificates. Since obtaining access to the API access key or
X.509 private certificates would typically only require access
to the cloud manager’s workstation (unless smartcards are
utilized to store an X.509 certificate) , we elected to disable
both of these access methods and exclusively utilize the AWS
web-based client. The web-based client permits the use of
multifactor authentication, which requires two pieces of
information to authenticate the cloud manager—the cloud
manager’s Amazon password (which only he/she knows) and
the one-time password token from the cloud manager’s token
device carried on a keychain. This approach is superior to one
piece of information to prove identity and is likely warranted

for the cloud manager and other personnel with high-level access
to the configuration of the VPC. Impersonating the cloud
manager would grant the attacker the ability to terminate the
servers or at a minimum compromise their integrity by adjusting
firewall rules, terminating the audit server, or perform other
catastrophic acts. It is worth noting that it is possible to
configure access lists to restrict API access to specific IP address
ranges and times of day, complicating an attack using stolen
API keys or X.509 certificates. The IP address restrictions could
be used in combination with multifactor authentication to limit
access for privileged accounts. However, this complicates failure
modeling. For example, if a server is compromised and the
cloud manager is on vacation and the company VPN is
experiencing a failure, then the cloud manager would be unable
to login to Amazon and power down a server or adjust the VPC
configuration (assuming that the API calls are only accessible
from within the organization).
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Figure 1. Our prototype environment for HIPAA data, utilizing two subnets, the “Data Network” for servers, and the “Audit Network” for an audit
and monitoring server.

Next Steps for Authentication and Authorization

Amazon provides many options for authentication to the EC2
management console, such as the Identity Access and
Management services. These services allow organizations to
utilize their own authentication systems to grant access to
Amazon’s EC2 resources through identity federation for EC2
managers. The organization should determine the roles of the
individuals that require access to the Amazon EC2 management
console and the servers themselves. It is likely that organizations
can readily utilize their own authentication and authorization
systems for server and database login if they configure the
private cloud at Amazon as an extension of their own network.
Integrating internal user accounts with the EC2 management
interface will likely require custom software development and
may be unnecessary if only a limited number of users require
access to the management console for VPC management.

Audit controls are processes and systems that collect access and
activity information from systems that contain e-PHI. Our
prototype implemented a central syslog server that was devoted
to collecting and monitoring events from the project servers.
SSH logins and firewall activity (from the host-based firewall)
were logged to the syslog server. Our prototype system,
containing deidentified health information, logged audit events
according to Table 3. Splunk [15], a log management and
monitoring tool, was installed on the logging server to monitor
the audit event records. Databases that store e-PHI could
potentially incorporate logging capability through stored
procedures or utilize the database engine’s native logging
capability (if it exists) and send these audit messages to the
central logging server. For example, if e-PHI is accessed,
deleted, or modified, an audit record could be generated and
sent to the central logging server. The granularity of auditing
should be selected with the consultation of the appropriate risk
management and legal personnel.
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Table 3. Audited events from servers.

NotesEventSourceItem #

Traffic is logged before being accept-
ed, ideally capturing any login at-
tempts that cause the SSH daemon
to fail.

SSH connection containing
the source IP address

iptables host based firewallSSH login1

Provides more detail than 1, but oc-
curs after the TCP connection is al-
lowed.

SSH login, including type of
authentication, and username

SSH daemonSSH login2

Various Applications and System
Services

Standard Redhat Linux System
Events

3

Establish baseline volume of re-
quests and monitor for abnormal
behavior

Iptables host-based firewallHTTPS request to HIE4

Next Steps for Auditing

Events should be defined according to the legal and business
needs of the organization. Once these events are defined, the
auditing and alerting software should be configured to alert the
appropriate individuals when interesting events are detected.

Software Configuration
The server image was built with Amazon Linux AMI 2011.09
[16], and then we proceeded to install the Mirth Connect Server
(using the command line installer), Apache, PHP, and MySQL,
leaving these services turned off in chkconfig. The server image
is simply a server without user accounts or other personalized
information that can be readily cloned to create an arbitrary
number of servers. After these tools were installed, we shut
down the image machine and created an S3 snapshot of the
machine so that we could launch instances based on this image
(without a common MySQL password or SSL certificate). After
instances were created and started from the image, we
configured each instance with a unique MySQL password and
Apache SSL certificate and created user accounts.

Next Steps for Software Configuration

The individual or team responsible for creating servers should
obtain the necessary software and validate its authenticity. If
multiple servers will be utilized for the same task the server can
be cloned by creating an S3 image.

Discussion

This paper presents a tutorial on how to duplicate our
environment in Amazon’s EC2 “Virtual Private Cloud” to obtain
data from a HIE. We believe this environment can be HIPAA
compliant if best practices are followed as Amazon provides
many features (not necessarily configured by default) that can
be set up to suit a variety of security requirements. Information
security references [17] have discussed HIPAA compliance for
some time, and their methodologies can also be applied to new
environments, such as the cloud.

Amazon’s documentation, to the best of our knowledge, does
not clarify how the private networks are implemented. For
instance, are they implemented using 802.1Q trunks, a
proprietary overlay network, or something else entirely? The
choice of an implementation presumably included the analysis

of tradeoffs between performance, security, scalability, cost,
and potentially other metrics of interest to Amazon. This tradeoff
decision is of interest to system administrators so that they can
determine if Amazon’s security model is an appropriate fit for
their project.

Several improvements could be made to the VPC service related
to the interaction of “Security Groups” and the services that are
utilized by the Amazon Linux servers. One noticeable problem
that we experienced was the dynamic nature of the update
mirrors that are used to patch Amazon Linux. Ideally, there
would be a small set of servers, with Amazon IP addresses,
provided in a list, so that system administrators could easily
implement outgoing traffic filtering in security groups and allow
the update server traffic. Currently, since several mirrors are
used, the process of identifying the IP addresses that could
potentially be used for updates is haphazard and requires manual
trial and error on the part of the system administrator, or
alternatively the exemption of all traffic destined to port 80
during the update interval. A similar issue exists when
attempting to use NTP servers, since public NTP server pools
are typically outside of Amazon, and a given DNS hostname
in the NTP pool can resolve to many addresses. Overall, the
functionality of the “Security Groups” in the VPC is excellent,
since it allows for inbound and outbound filtering, and its
effectiveness would be enhanced if these issues are corrected.

Another issue that has more serious implications for auditing
and contractual compliance, in our opinion, is the inability for
the customer to save or otherwise access the events that are
denied by the “Security Group” or “Network Access Control
Lists”. This information could be valuable for information
security professionals attempting to determine the volume and/or
source of traffic that is targeted at their network. For example,
port scans or other basic activities could be a sign of a pending
attack or interest in the network by malicious users. While the
host-based firewall rules could be used to signal suspicious
behavior by internal users, the addition of audit records from
the “Security Groups” or “Network ACLs” could corroborate
the system level events in any legal action against internal users.

HIPAA does not mandate specific audit checklists for the setup
of servers and networks and instead states that the security
should be appropriate for the risk. HIPAA guidelines would be
more useful to system administrators if additional guidance was
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provided regarding minimum standards. For example, what type
of data should be audited to satisfy the requirement to “examine
access and other activity in information systems that contain or
use e-PHI” [9]? If these requirements were more clearly
outlined, then it is likely that cloud providers would readily
adopt the minimum requirements so that their customers could
use their services for HIPAA compliance. The lack of clarity
in HIPAA standards was noted by Wafa in a law review article
[18].

There are several broad security considerations that should be
mentioned when discussing a migration to cloud computing.
First, cloud computing providers typically utilize virtualization
to provide isolation [19]. If the underlying physical server is
used to host computing resources for multiple customers, several
types of side-channel attacks are possible [20]. Amazon offers
an option to host virtualized compute servers on hardware that
is dedicated (not shared) to a given customer’s resources for an
additional cost. It is also important to note that side-channel
vulnerabilities that exist because of the virtualization software
(typically termed a hypervisor) will also likely exist in private
data centers and private clusters, assuming that the “attacking”
server (often shared on the same physical hardware as the target)
is able to be accessed by an internal individual that wants
something from the target server.

The reliability of the organization’s Internet connection is
another important concern if the cloud based servers are
primarily accessed from the organization. Based on our
experience at our campus, our wide area network (and
connection to local data centers) is more reliable than our
connection to the commodity Internet. The organization should
make the appropriate investments in redundant equipment and
Internet connections if they decide to leverage cloud computing
as a mission critical service. Amazon recently introduced [21]
dedicated connections (1-10Gbps) to customers in specific
geographic areas, which would decrease the reliance on
commodity Internet connections, since the dedicated connection
could be connected directly to the organization’s wide area

network. It is likely that other providers will release similar
products or at least attempt to address this issue.

The system architect must determine the risk and cost of the
resulting event, should a side-channel attack occur in a large
cloud, given the exposure of the system. For example, one might
base the risk decision on whether the server is connected to the
public Internet or accessible only through a VPN and the number
and type of services that the server provides. For example,
assuming that someone is able to demonstrate and carry out a
side-channel attack to obtain RSA keys for server login, if the
system is accessible only from a VPN, the other organization
would not be able to easily utilize the stolen keys unless they
could also gain access to the organization’s network and VPN.

Conclusion
Ultimately, the system architect must attempt to answer the
following questions. First, is their computing infrastructure safer
at a cloud provider or in their own data center? Second, what
is the budget that is allocated to a “more secure” environment,
assuming the basic environment is HIPAA compliant? If the
organization’s private data center frequently has power outages
or only maintains simple backup tapes in the same facility as
the servers, the system architect may decide that the benefits of
cloud computing (demonstrable physical security, scalable and
simple backups hosted in multiple locations, up to date patching
of the hypervisor code) far outweigh the drawbacks (the remote
possibility of sophisticated side-channel attacks). We suspect
that the debate on these security issues is just starting and will
continue.

In our experience, cloud computing has the capability to enable
rapid provisioning of resources that can be configured to suit a
variety of security requirements. Amazon’s Virtual Private
Cloud offers one possibility to quickly provision sensitive data
networks for research purposes. We believe that our prototype
can be implemented in a HIPAA compliant manner (for research
purposes) and that the discussion in this paper will provide a
list of suggested improvements and considerations should
readers wish to explore the implementation of a mission critical
HIPAA workload in the cloud.
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Abstract

Background: Frequently eHealth applications are not used as intended and they have high attrition rates; therefore, a better
understanding of patients’need for support is warranted. Specifically, more research is needed to identify which system components
target different patient groups and under what conditions.

Objective: To explore user characteristics associated with the use of different system components of a Web-based illness
management support system for cancer patients (WebChoice).

Methods: For this secondary post hoc analysis of a large randomized controlled trial (RCT), in which WebChoice was tested
among 325 breast cancer and prostate cancer patients who were followed with repeated measures for 1 year, usage patterns of
162 cancer patients in the intervention arm with access to WebChoice were extracted from the user log. Logistic regression was
performed to identify patterns of associations between system use and patient characteristics. Latent class analyses (LCA) were
performed to identify associations among the use of different system components and levels of social support, symptom distress,
depression, self-efficacy, and health-related quality of life.

Results: Approximately two-thirds (103/162, 63.6%) of the patients logged on to WebChoice more than once, and were defined
as users. A high level of computer experience (odds ratio [OR] 3.77, 95% CI 1.20-11.91) and not having other illnesses in addition
to cancer (OR 2.10, 95% CI 1.02-4.34) increased the overall probability of using WebChoice. LCA showed that both men with
prostate cancer and women with breast cancer who had low scores on social support accompanied with high levels of symptom
distress and high levels of depression were more likely to use the e-message component. For men with prostate cancer, these
variables were also associated with high use of the self-management advice component. We found important differences between
men with prostate cancer and women with breast cancer when associations between WebChoice use and each user characteristic
were analyzed separately. High use of all components was associated with low levels of social support among women with breast
cancer, but not among men with prostate cancer. High use of e-messages, advice, and the discussion forum were associated with
high levels of depression among women with breast cancer, but not among men with prostate cancer. For men with prostate
cancer (but not women with breast cancer), high use of symptom assessments, advice, and the discussion forum were associated
with high levels of symptom distress. However, it is unclear whether these findings can be attributed to differences related to
diagnosis, gender, or both.

Conclusions: This study provides evidence that different user characteristics are associated with different use patterns. Such
information is crucial to target Web-based support systems to different patient groups. LCA is a useful technique to identify
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subgroups of users. In our study, e-messages and self-management advice were highly used components for patients who had
low levels of social support and high illness burden, suggesting that patients with these characteristics may find such tools
particularly useful.

Trial Registration: ClinicalTrials.gov NCT00710658; http://clinicaltrials.gov/ct2/show/NCT00710658 (Archived by WebCite
at http://www.webcitation.org/6EmEWZiwz)

(J Med Internet Res 2013;15(3):e34)   doi:10.2196/jmir.2285

KEYWORDS

Web-based intervention; Internet; symptom management; self-care; use patterns; user characteristics; targeting

Introduction

Web technologies provide an opportunity to target support to
different patient groups and can reach a large number of users.
Recent years have seen growth in Web-based interventions and
support systems that have been shown to assist a wide range of
patients successfully [1-6], including people with cancer [7-9],
asthma [10], arthritis [11], and heart disease [12]. They have
also been found to assist in health behavior change, such as
improving diet and weight loss [13], increasing physical activity
[14], or in smoking cessation [15]. According to a Cochrane
review of 24 randomized clinical trials that summarized the
effects of different Web-based interventions for people with
chronic diseases, these interventions had a significant effect on
knowledge, perceived social support, health behaviors, clinical
outcomes, and a possible positive effect on self-efficacy [2].

Web-based interventions that provide targeted support are more
likely to be successful because information that is relevant to
specific groups is more likely to be used [16]. However,
successful targeting presents challenges because characteristics
of the user groups of Web-based interventions are not clear.
Recently the Comprehensive Model of Information Seeking
(CMIS) was developed to better understand how user
characteristics affect the use of Web-based interventions [17].
The model includes antecedent factors (demographics, personal
experiences, salience, and beliefs), information carrier factors
(characteristics and utility of the information channels), and
information-seeking actions. The CMIS has recently been used
as a framework to understand use of an interactive cancer
communication system [18,19].

Demographic factors are considered important in predicting the
use of health information resources in the CMIS framework,
and are reported to influence use in several eHealth studies.
Older age [20-23], female gender [20,24,25], higher education
[20,21,24-28], and higher income [27,29] have all been
associated with higher use in some studies, whereas other studies
show younger age [26,28,29] to be associated with higher use.
A recent systematic review of patients’ acceptance of health
information technologies revealed no consistent effect of age
or gender on acceptance [30]. However, acceptance increased
with higher education. On the other hand, level of education
did not influence use of a Web-based diabetes program, and
neither did age or health literacy [31]. These divergent findings
might reflect ongoing change in Internet sociodemographics
and dynamics [20,32].

According to CMIS, a person’s direct experience with a disease
will affect their need for information and predict their
health-seeking behavior [17]. Different diagnoses cause different
symptoms, need different treatment, and have different illness
trajectories. Higher levels of functional well-being [33] and not
having a chronic condition [22] are also associated with higher
use of eHealth applications.

Psychosocial factors also affect information-seeking behaviors.
For example, a person’s health beliefs and perceived salience
of the information affect information seeking [17], as does the
individual’s perception of their ability to control events. This
could go both ways. A person with high self-efficacy might
have higher confidence in seeking and using information in
eHealth applications. On the other hand, for a person with low
self-efficacy, eHealth applications could be an additional tool
improving his or her confidence or capacity to deal with their
symptoms and treatment [34]. The level of social support could
affect how much information and support is needed. Lower
levels of social support and symptoms of depression or negative
mood have also been associated with higher use of eHealth
applications [18,24,33,34]. In addition, prior Internet experience
has been identified as a factor linked with increased use and
acceptance of eHealth applications in some studies [23,30], but
not others [31].

Although eHealth applications have been shown to be effective
and can offer easier communication and cost savings, high rates
of dropout and nonusage have been shown in many eHealth
studies [35,36]. Moreover, users tend to use these applications
differently than intended, indicating a need for a better
understanding of patients’ varying needs for support and for
examining the best way to deliver eHealth applications. Research
aiming to identify which components can be the most beneficial
for different patient groups is critical in optimizing such systems
to patients’ preferences [2,35,37]. Because Web-based support
systems usually include more than one component, it is not
known yet which components may be particularly helpful to
patients. Also, patients may prefer different types of support
features, and their support needs may vary based on type of
illness or user characteristics. Furthermore, although perceptions
of a system’s perceived usefulness have been investigated in a
number of studies, the systems have primarily been evaluated
as a whole on a set of general criteria, and the usefulness of
specific components that the system offers have not been
addressed. An average usefulness score in these types of studies
may well result from a user who has evaluated some aspects as
high and some as low. To design Internet systems that can better
target different user groups, more research is needed examining
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which user group characteristics are associated with different
types and use of Internet support [2]. Exploring the
characteristics of different users is of importance in refining
and optimizing Web-based interventions to better fit different
patient groups and increase their potential advantages.

The aim of this exploratory study was to describe user
characteristics associated with the use of different components
of WebChoice [7], a Web-based illness management support
system for cancer patients. The following research questions
were addressed:

1. What demographic-related, illness-related, and psychosocial
variables are associated with the use of WebChoice?

2. Among WebChoice users, what are the associations among
levels of patients’ symptom distress, social support, depression,
self-efficacy, health-related quality of life, and their use of
different WebChoice components?

Methods

This exploratory study is a post hoc analysis of a large
randomized controlled trial (RCT) in which WebChoice was
tested among 325 breast cancer and prostate cancer patients
who were followed with repeated measures for 1 year [7]. In
the RCT, effects on symptom distress, depression, self-efficacy,
health-related quality of life (HRQOL), and social support were
measured. Use of WebChoice significantly reduced symptom
distress, and patients in the WebChoice group also showed
significant within-group improvements in depression during
the study period. This was not observed in the control group;
the control group also experienced significant deterioration of
self-efficacy and HRQOL [7].

Recruitment took place between May 2006 and July 2007.
Patients were recruited through advertisements in newspapers,
on the Norwegian Cancer Society’s website and in their
magazine, and through information pamphlets mailed to patients
through the Norwegian Cancer Registry. Patients who were
interested called the research center to participate. Inclusion
criteria were age over 18 years, able to read/speak Norwegian,
having Internet access at home, and undergoing active treatment
for breast or prostate cancer.

In total, 325 cancer patients took part in this study. Patients in
the experimental group (n=162) who had access to WebChoice
for 1 year constituted the sample for this paper. Participants
received a user manual for WebChoice and a smart card-based
public key solution for secure system access. They were
instructed that they could use the system as much or as little as
they liked. All data were submitted to a secure server using an
encrypted connection. The study was approved by the Regional
Committee for Medical and Health Research Ethics and the

Data Security Inspectorate in Norway. Written informed consent
was obtained from all participants. WebChoice could be used
with both slow and fast Internet connections. Download times
for the different components were the same.

Intervention
WebChoice [38] was developed in close cooperation with users
and health care personnel [39]. The modules tested in this study
targeted breast and prostate cancer patients and contained the
following components (see Figure 1):

1. An assessment component in which patients could monitor
their symptoms, problems, and priorities for support in physical,
functional, and psychosocial dimensions. Patients choose
symptoms and problems they were experiencing from a
predefined list, and could rate the burden of these and what they
needed help with. This information could be used to monitor
improvement/deterioration of the condition, knowing when to
alert health care personnel, preparing for a hospital/physician
consultation, improving patient-provider communication, or
with obtaining immediate access to self-management advice
components described subsequently (Figure 2).

2. An advice component provided illness self-management
support. Patients’ self-reported symptoms/problems triggered
the display of appropriate self-management activities that
patients could choose from to relieve their symptoms and
problems (Figure 2). Each choice contained an explanation of
what the activity was; how to perform it; potential risks, side
effects, and contraindications; when to contact a physician;
levels of evidence; references to the source of the evidence; and
links to other reliable websites for related information (Figure
3).

3. An information component in which patients had access to
other reliable Web sources in Norwegian and English, such as
information about tests, treatments, and potential side effects,
lifestyle suggestions, and information about patients’ legal
rights.

4. A communication component for sharing experiences with
other patients or for obtaining help from oncology nurses.
Patients could participate in an online forum group discussion
that allowed them to exchange messages anonymously with
other patients, or use the online messaging system for private
e-communication in which they could ask questions, share
experiences, and get advice from oncology nurses. The nurses
in this study were employed at the research center and were not
involved in the direct care of the patients. They logged onto the
communication component each weekday and contributed to
the discussion group when appropriate.

5. An electronic diary in which patients could keep personal
notes.
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Figure 1. Screenshot of the WebChoice overview page.

Figure 2. Screenshot of the results of an assessment and the associated advice/interventions.
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Figure 3. Screenshot showing an example of content and layout in the advice component.

Measures of System Use
Data on system use were extracted from the user logs on the
server. Those who had logged on 0 to 1 times were categorized
as nonusers; those who had logged on twice or more were
categorized as users. We specified a minimum of 2 log-ins

because patients who only logged on once may have only read
the welcome message and never actually used the system.
Information was collected on how many times the users logged
on, how much time they spent on the site and on each
component, and which components of WebChoice were
accessed or used actively.
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Table 1. Measures of system use of the WebChoice website.

DescriptionVariable

Total number of times that a user logged on to the system.Total visits

Minutes spent using the system and its different components. If a user, when visiting a component, did not make
a Web server request within the 20 minutes, the visit was ended. After the last Web server request during the
visit, 10 minutes were added to the duration of this visit to reflect the fact that most usage consisted of reading
information (an activity that cannot be logged). Duration is a complicated measure because of a lack of control
over what the user actually does while logged on, and because some users do not log out of the system after vis-
iting a component.

Duration

Number of times a user chose symptoms and problems from a predefined list and generated their own symptom
list.

Assessments

Number of messages that users sent to the oncology nurse.Messages sent

Number of postings that users made in the discussion forum.Posts in forum

Number of notes made in the diary.Diary notes

Number of times that a user entered a component. Unlike the previous measures, this measure does not indicate
whether or not an action was taken within the component, for example, participants could visit a component to
read what they had written previously or what others had written (eg, forum or answers from nurses).

Visits to the different components

User Characteristics
Demographic variables (age, gender, marital status, level of
education, and household income) and diagnosis-related
variables (diagnosis of breast or prostate cancer, time since
diagnosis, recurrence/metastasis, type of treatment, and other
illnesses) were recorded with a study-specific questionnaire.

Symptom distress was measured by using the 32-item Memorial
Symptom Assessment Scale-Short Form (MSAS-SF) [40].
Symptom distress was measured with 5-point Likert scales, in
which respondents rated the degree from 0 (not at all) to 4 (very
much). Higher scores indicated greater symptom distress.
Cronbach alpha for our sample at baseline was .92.

Social support was measured with the 20-item Medical
Outcomes Study Social Support Survey (MOS-SS), including
5 subscales addressing emotional, instrumental, tangible, and
affectionate support, and positive social interaction [41].
Responses on 5-point Likert scales ranged from 0 (none of the
time) to 4 (all the time). Higher scores indicated more social
support. Cronbach alpha for our sample at baseline was .96.

Depression was measured with the 20-item Center for
Epidemiological Studies Depression scale (CES-D) [42] with
responses on 4-point Likert scales ranging from 0 (rarely or
none of the time) to 3 (most or all the time). Higher scores
indicated greater depression. Cronbach alpha for our sample at
baseline was .88.

Self-efficacy was measured with the 33-item Cancer Behavior
Inventory (CBI) version 2.0 [43] which measured coping
self-efficacy with cancer-related stress on 7 dimensions: (1)
maintenance of activity and independence, (2) seeking and
understanding medical information, (3) stress management, (4)
coping with treatment-related side effects, (5) accepting cancer
and maintaining a positive attitude, (6) affective regulation, and
(7) seeking support. Responses on 9-point Likert scales ranged
from 1 (not at all confident) to 9 (totally confident). Higher
scores indicated greater self-efficacy. Cronbach alpha for our
sample at baseline was .95.

HRQOL was measured using the 15-item 15D preference-based
single index [44]. From 5 ordinal levels on each dimension,
respondents chose the one that best described their present health
status. Higher scores indicated greater HRQOL. Cronbach alpha
for our sample at baseline was .77.

Computer experience was assessed with a simple question
asking for patients’experience with computer use, ranging from
1 (no computer experience at all) to 5 (a lot of computer
experience).

To prepare the data for latent class analysis (LCA), total scores
on symptom distress, social support depression, self-efficacy,
HRQOL, and the data on system use of the different WebChoice
components were divided into tertiles based on the scores for
breast and prostate cancer patients combined, using the whole
sample of patients with access to WebChoice (Multimedia
Appendix 1).

Marital status was dichotomized as married/cohabitating and
any other status as single. Education was simplified from 4 to
3 categories. Elementary and high school were merged because
there were few participants in the “elementary school only”
group. Income was recoded from 5 to 3 categories. Computer
experience was recoded from 5 to 3 categories because the 2
lowest ranks were related to no or little experience and the 2
highest described a great deal of computer experience.

Statistical Analyses
Data are presented as medians and interquartile ranges (IQRs)
for continuous variables and as proportions for categorical data.
Associations between categorical variables among users and
nonusers were analyzed using the chi-square test for pairs of
categorical variables; the Mann-Whitney test was used for
continuous data with skewed distributions. A multiple logistic
regression model was fitted to compare users and nonusers on
demographic, disease-related, and psychosocial variables.
Variables with a P value <.2 in the univariate logistic regression
analyses were included in a multiple regression model. Based
on the assumption that we could not expect a linear association
between age and the outcome, age was first divided into several
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categories. Later, categories with similar odds ratios (ORs) were
combined resulting in a dichotomizing of the age variable.

To identify characteristics associated with use of different
components of WebChoice among users, we used LCA, which
is a statistical method designed to identify if there are underlying
types or subgroups of individuals that share specific
characteristics [45]. LCA can best be thought of as an improved
cluster analysis. It is a pattern recognition technique based on
the statistical concept of likelihood and, thus, based on the same
principle as factor analysis. The main difference is that cases
are not absolutely assigned to classes, but have a probability of
membership for each class. The results are presented with
estimated probabilities and formal statistical tests can be
performed to evaluate different models. The main goal for this
LCA was to identify how a set of user-related variables could
be associated with different system use. Utilizing LCA made
us not only able to identify these associations, but also to
quantify their direction and strength. Because of a limited
sample size, we fitted LCA models with 3 classes and 4
explanatory variables at most to avoid overfitting and
multicollinearity. As a final step, the best models were chosen
based on the Akaike information criterion (AIC) [46] and the
Bayesian information criterion (BIC) [47].

We expected different user patterns for breast and prostate
cancer patients because these patient groups differed with regard
to gender, age, treatment, and presence of other illnesses.
Two-thirds (37/56) of the breast cancer patients were treated
with chemotherapy compared to 26% (12/47) of the prostate
cancer patients. Therefore, all LCA models were stratified by
type of diagnosis and adjusted for age at inclusion. The cutoffs
used to categorize variables were based on a tertile division of
the entire sample. Because the division was based on the actual
data and not on predefined cutoffs, a tertile division was chosen
to provide categories with sufficient sizes and enable us to make
distinctions among the high, medium, and low values. To ensure
a sufficient number of breast and prostate cancer patients within
each tertile-based category, patient numbers were checked for
each variable (Multimedia Appendix 1) and the numbers were
found to be satisfactory.

To select variables for inclusion in the final LCA models, we
first fitted models in which 1 psychosocial variable at a time
was tested together with 3 user variables. The psychosocial
variables that revealed clear patterns of use were kept and
integrated in the final LCA models, where a cluster of
psychosocial variables was tested with single user variables.

The descriptive statistics and logistic regression were carried
out using SPSS version 16.0 (SPSS Inc, Chicago, IL, USA).
LCA was performed with SAS version 9.3 (SAS Institute Inc,
Cary, NC, USA), by using the PROC LCA procedure for LCA
[48]. All tests were 2-sided and P values <.05 were considered
statistically significant.

Results

Of the 162 participants who had access to WebChoice, 103
(63.6%) logged on twice or more over the 1-year study period
and were defined as users (Table 2). There were no statistically

significant differences in demographic, disease-related, or
psychosocial variables between users and nonusers of
WebChoice (Tables 2 and 3). Although not statistically
significant, there were indications of higher use among men
with prostate cancer (P=.09), patients without other illnesses
(P=.08), and patients with more computer experience (P=.07)
(see Table 2).

User Characteristics Associated with Use of WebChoice
Baseline scores on symptom distress, social support, depression,
HRQOL, and self-efficacy did not differ significantly between
users and nonusers; therefore, they were not included as
covariates in the logistic regression models. Multiple logistic
regressions revealed that high levels of computer experience
(OR 3.77, 95% CI 1.20-11.91) and not having other illnesses
(OR 2.10, 95% CI 1.02-4.34) were significantly associated with
increased use of WebChoice after controlling for type of
diagnosis and age (Table 4). The other illnesses most frequently
reported were heart disease, rheumatic illness, lung disease,
muscle and skeletal conditions, diabetes, and neurologic
conditions.

Frequencies of Use of Different WebChoice
Components
As displayed in Table 5, the WebChoice components visited 1
or more times by most of the users during the year of study
participation were the advice component (98/103, 95.1%), the
information component (96/103, 93.2%), assessments (95/103,
92.2%), and messages (93/103, 90.3%).

Patients visited the discussion forum far more often than they
submitted their own postings, and the discussion forum was the
component in which the patients spent most time (median 84
minutes, range 0-5108). Similarly, patients visited the message
component far more often than they sent messages; the median
time spent using this component was 21 minutes (range 0-701).
The diary was among the least-used components in WebChoice.
There were large differences between users. When we analyzed
patterns of use of different components in WebChoice, it became
apparent that different users used components quite differently,
eg, a participant with high e-message use did not necessarily
use the assessments or advice more often. Therefore, as the next
step, we analyzed which user characteristics were associated
with utilizing specific components.

Associations Between User Characteristics and
Component Use
Overall, we did not find any association among use of different
WebChoice components (measured in minutes) and
demographics, most disease-related characteristics, or computer
experience.

However, use patterns were different for men with prostate
cancer and women with breast cancer. Levels of use were related
to several psychosocial factors. When fitting separate models
for 1 user characteristic at a time together with 3 WebChoice
components, some important differences emerged (Table 6).
Degree of social support and depression were more important
for overall WebChoice use for women with breast cancer,
whereas symptom distress was more influential for men with
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prostate cancer. High use of all WebChoice components was
associated with low levels of social support among women with
breast cancer. No such pattern was detected for men with
prostate cancer. High use of advice, e-messages, and the
discussion forum was associated with high levels of depression
in women with breast cancer, but not in men with prostate
cancer. For men with prostate cancer, high use of symptom
assessments, advice, and the discussion forum was associated
with high levels of symptom distress. Symptom distress did not
appear to impact the use of WebChoice for women with breast
cancer. No specific patterns of use were associated with levels
of self-efficacy or HRQOL. Different combinations of patients’
levels of social support, symptom distress, depression, and use
of the components were explored with LCA. Because HRQOL
and self-efficacy were not clearly associated with use, these
variables were not included in the final LCA models. A
summary of associations among patients’ characteristics and
selected components of WebChoice can be found in Table 6.

Use of the Message Component
The LCA revealed that lower levels of social support, higher
levels of symptom distress, and higher depression were
associated with higher use of messages to oncology nurses. This
applied to both men with prostate cancer and women with breast

cancer (Table 7). The estimated probabilities in Table 6 can be
interpreted as follows: the model has identified a class of
patients with breast cancer, latent class 1. Members of latent
class 1 have a .60 probability of high use of messages, a .96
probability of low social support, a .74 probability of high
symptom distress, and a .89 probability of depression.

Use of the Advice Component
Lower levels of social support, higher levels of symptom
distress, and higher levels of depression were associated with
higher use of the advice component among men with prostate
cancer, but we did not detect such an association among women
with breast cancer (Table 8).

Use of the Discussion Forum
Analyses of the discussion forum section revealed that higher
levels of social support and lower level of symptom distress
and depression among men with prostate cancer were associated
with low use of the forum (Table 9). No clear pattern was
detected among women with breast cancer.

No clear patterns of use associated with any user characteristics
were found for the level of minutes spent at the assessment and
information components.
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Table 2. Characteristics of all breast and prostate cancer patients (users and nonusers) with access to WebChoice.

P valueNonusers

n=59

Users

n=103

WebChoice access

N=162

Characteristics

Demographic factors

.1556 (35-80)58 (36-79)57 (35-80)Age, median (range)

.94Marital status, n (%)

49 (83.1)86 (83.5)135 (83.3)Married/cohabitating

10 (16.9)17 (16.5)27 (16.7)Single/divorced

.89Education, n (%)

24 (40.7)38 (36.9)62 (38.3)Elementary/high school

24 (40.7)45 (43.7)69 (42.6)University/college ≤4 years

11 (18.6)20 (19.4)31 (19.1)University/college >4 years

.63Household annual income (NOK), n (%) a

16 (27.1)32 (31.1)48 (29.6)<400,000

18 (30.5)26 (25.2)44 (27.2)400,000 to 600,000

21 (35.6)44 (42.7)65 (40.1)>600,000

4 (6.8)1 (1.0)5 (3.1)Missing data

Disease-related factors

.09Diagnosis, n (%)

40 (67.8)56 (54.4)96 (59.3)Breast cancer

19 (32.2)47 (45.6)66 (40.7)Prostate cancer

.5212.0 (20.3)11.0 (22)11.5 (21)Months since diagnosis, median (IQR)b

.518 (13.6)18 (17.5)26 (16.0)Metastasis, n (%)

.177 (11.9)6 (5.8)13 (8.0)Recurrence, n (%)

.0828 (47.5)35 (34.0)63 (38.9)Other illnesses, n (%)

Psychosocial factors, median (IQR) b

.4925 (23)29 (28)28 (27)Symptom distress

.3884 (31)84 (28)84 (28)Social support

.519 (12)10 (12)9.5 (12)Depression

.57227 (64)216 (71)219 (67)Self-efficacy

.490.88 (0.16)0.86 (0.15)0.86 (0.16)Health-related quality of life

.07Computer experience, n (%)

10 (16.9)6 (5.8)16 (9.9)None/little

16 (27.1)32 (31.1)48 (29.6)Medium

31 (52.5)62 (60.2)93 (57.4)High

2 (3.4)3 (2.9)5 (3.1)Missing data

a NOK = Norwegian kroner (400,000 NOK≈US $67,000; 600,000 NOK≈US $100,000).
b IQR = Interquartile range.

J Med Internet Res 2013 | vol. 15 | iss. 3 | e34 | p.23http://www.jmir.org/2013/3/e34/
(page number not for citation purposes)

Børøsund et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Baseline treatment characteristics of patients with access to WebChoice by diagnosis.

P valueNonusers

n (%)

Users

n (%)

WebChoice access

n (%)

Diagnosis and treatment

Breast cancer (n=96) a

.7225 (63)37 (66)62 (65)Radiotherapy

.5031 (78)40 (71)71 (74)Chemotherapy

.5424 (60)37 (66)61 (64)Hormone treatment

Prostate cancer (n=66) a

.955 (26)12 (26)17 (26)Radiotherapy

.991 (5)3 (6)4 (6)Chemotherapy

.3015 (88)26 (74)41 (62)Hormone treatment

a Patients can be given several treatments simultaneously.

Table 4. Binary logistic regression of patient characteristics and use of WebChoice (2 or more log-ins) (N=162).

Multiple analysisUnivariate analysisSociodemographic and health
characteristics

P value95% CIORaP value95% CIORa

Diagnosis

1.00Breast cancer (ref)

.360.65-3.231.45.100.90-3.451.77Prostate cancer

Age

1.00<50 years (ref)

.200.74-4.131.75.150.83-3.421.69≥50 years

Other illnesses

1.00Yes (ref)

.0451.02-4.342.10.080.93-3.451.79No

Computer experience

1.00Low (ref)

.070.91-10.493.09.051.02-10.813.33Medium

.021.20-11.913.77.031.11-10.023.33High

aOR: odds ratio.
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Table 5. Usage of different components of WebChoice over the year of accessibility (N=103).

Users who accessed at least onceTimes accessedComponents in WebChoice

%nRangeIQRaMedian

1001032-8922912Total visits

10010321-11,167490250Total duration (minutes)

74.8770-5152Assessments

92.2950-103177Assessment visits

92.2950-2543313Assessment duration (minutes)

95.1980-6395Advice visits

95.1980-3723215Advice duration (minutes)

93.2960-9774Information section visits

93.2960-4315425Information duration (minutes)

60.2620-4951Messages sent

90.3930-163136Total messages visits

90.3930-7016821Message duration (minutes)

48.5500-5840Posts in forum

84.5870-536368Forum visits

84.5870-510830984Forum duration (minutes)

52.4540-14241Diary notes

70.9730-9462Diary visits

70.9730-1003322Diary duration (minutes)

a IQR=interquartile range.

Table 6. Summary of associations among single patient characteristics or a cluster of patients’ characteristics and use of components in WebChoice
stratified by diagnosis.

Associations with use of components in WebChoiceCharacteristics

Breast cancerProstate cancer

Single characteristics a

High use of assessment, advice, informa-
tion, messages, and forum

No associationsLow social support

No associationsHigh use of assessments, advice and fo-
rum

High symptom distress

High use of advice, messages, and forumNo associationsHigh depression

No associationsNo associationsLow health-related quality of life

No associationsNo associationsLow self-efficacy

Cluster of characteristics b

High use of messagesHigh use of messages and adviceLow social support, high levels of symptom distress
and high levels of depression

a Tables with exact values for the probability of use of different components based on single patient characteristics can be found in Multimedia Appendix
2.
b Tables with exact values for the probability of use of different components based on a cluster of characteristics can be found in Tables 7-9.

J Med Internet Res 2013 | vol. 15 | iss. 3 | e34 | p.25http://www.jmir.org/2013/3/e34/
(page number not for citation purposes)

Børøsund et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 7. Use of the message component in WebChoice (in minutes). Latent class model, association with levels of social support, symptom distress,
and depression. The numbers represent item probabilities. All models were stratified by diagnosis and adjusted for age at inclusion.

Breast cancer latent classaProstate cancer latent classaVariables

321b321b

Use of messages

.45.23.20.44.37.33Low

.07.76.20.27.32.09Medium

.48.01.60.28.31.57High

Social support

.26.21.96.11.09.63Low

.41.52.03.26.61.10Medium

.32.27.02.63.30.27High

Symptom distress

.01.51.74.11.36.51High

.56.13.24.26.38.24Medium

.43.36.01.63.26.25Low

Depression

.07.26.89.01.01.87High

.36.47.10.02.97.12Medium

.57.27.01.97.02.02Low

a Item response probabilities >.5 in italics to facilitate interpretation.
b Most prominent class.
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Table 8. Use of the advice component in WebChoice (in minutes). Latent class model, association with levels of social support, symptom distress, and
depression. The numbers represent item probabilities. All models were stratified by diagnosis and adjusted for age at inclusion.

Breast cancer latent classaProstate cancer latent classaVariables

321321b

Use of advice

.65.18.06.15.50.02Low

.21.18.51.83.25.19Medium

.15.64.43.03.25.80High

Social support

.01.47.92.26.09.69Low

.59.34.08.01.55.14Medium

.40.19.01.73.35.17High

Symptom distress

.41.01.72.02.29.79High

.34.28.22.28.33.20Medium

.25.70.06.70.38.02Low

Depression

.18.08.81.29.01.92High

.55.18.19.01.63.02Medium

.27.74.01.69.37.06Low

a Items response probabilities >.5 in italics to facilitate interpretation.
b Most prominent class.
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Table 9. Use of the forum component in WebChoice (in minutes). Latent class model, association with levels of social support, symptom distress, and
depression. The numbers represent item probabilities. All models were stratified by diagnosis and adjusted for age at inclusion.

Breast cancer latent classaProstate cancer latent classaVariables

3213b21

Use of forum

.15.35.09.93.27.57Low

.41.32.49.06.44.01Medium

.43.34.42.01.29.42High

Social support

.01.49.72.01.11.73Low

.54.32.23.14.60.11Medium

.45.19.05.85.29.16High

Symptom distress

.33.02.69.15.25.55High

.43.19.22.19.34.35Medium

.23.79.09.66.40.10Low

Depression

.02.02.82.14.01.73High

.66.17.17.02.70.17Medium

.33.82.01.84.29.10Low

a Items response probabilities >.5 in italics to facilitate interpretation.
b Most prominent class.

Discussion

In this study, we explored how cancer patients’ demographic,
disease-related, and psychosocial factors were associated with
the use of different components of a Web-based
self-management support system for cancer patients. Men with
prostate cancer and women with breast cancer who reported
low levels of social support and high levels of symptom distress
and depression indicating high illness burden made high use of
sending e-messages to oncology nurses. Men with prostate
cancer with these characteristics also made high use of the
advice component. Levels of social support and depression were
more important for use patterns among women with breast
cancer, and symptom distress was more influential for men with
prostate cancer.

Research studies designed to improve understanding of how
different subgroups of patients use Web-based support systems
can provide insight into how to target such systems and better
meet the needs of user groups. This study makes an important
contribution to this area. To our knowledge, this is the first study
that systematically evaluated how a cluster of factors, such as
social support, symptom distress, and depression, were
associated with patients’ use of different system components.
Although use does not necessarily reflect usefulness or patients’
preferences for different system components, the study results
suggest that there are identifiable subgroups of patients who
make different use of Web-based support. It also confirms that
there are no “one size fits all” patterns of use or systems of

support. Although much more research in this area is needed,
our findings hold promise that we may eventually be able to
identify specific patient characteristics or preferences through
use of appropriate screening tools that will allow us to offer the
right set of support components for specific patient groups.

It is acknowledged that behavioral and self-management
interventions are more effective when they include more than
1 mechanism for support, but it is challenging to determine
which components have the most positive effects. One way to
address this question would be to perform RCTs with multiple
intervention groups, assigning them different dosages or
components of the Web-based support system. For example,
Baker and colleagues [49] explored 3 different combinations
of an interactive cancer communication system compared with
regular Internet access. Results revealed that the information
and support services significantly benefited breast cancer
patients, but more complex and interactive services did not.
Studies with multiple groups need a large sample size to be able
to detect clinically relevant group differences, which is costly
and not always feasible. Identification of subgroups of users,
as in our study, does not predict the relative contribution of
different components to achieve positive outcomes, but it can
help identify potential candidates for component inclusion in
future studies.

User Characteristics Associated with Patterns of Use
Among those who became users of WebChoice, our study
suggests that several factors affected the use of different
components. Participants with high symptom distress and
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depression, indicating high illness burden, and who also had
low social support utilized the e-message service and advice
component the most. Demographic and other factors did not
play a role in their use patterns. High illness burden
accompanied with low social support might indicate a higher
need for support than for those who do relatively well, and these
patients might have potentially more to gain from the e-message
component. The analyses of messages presented in a previous
paper identified that living with physical symptoms and side
effects, living with a fear of relapse, concerns about everyday
life, and unmet informational needs from health care providers
were important themes in these messages and were used to
address both emotional and informational issues by breast and
prostate cancer patients alike [50]. Although used by less than
two-thirds of users (62/103, 60.2%), the message service was
evaluated by patients as a supportive and useful component
[51]. This is consistent with findings from a study on a
Web-based support system for diabetes patients in which email
communication with a nurse was also highlighted as an
important reason for using the system [36]. Patients felt they
received personal feedback and that the nurse looked after them.
The opportunity to communicate directly with a health care
provider seems to be an important and highly valued feature
across different patient populations. Our study suggests that
this component may particularly appeal to people with high
illness burden and low levels of social support.

In our study, high use of the advice section was associated with
low social support and high illness burden among men with
prostate cancer, but less so for women with breast cancer. This
is in line with findings on prostate cancer patients’ preferences
for informational support seen in studies of support groups
[52,53]. Interestingly, no cluster of user characteristics were
associated with high use of the forum. Although the forum was
the component in which patients spent the most time, it seems
that a discussion forum is not the place to turn to if one has little
social support in addition to a high illness burden.

The finding that men with prostate cancer and women with
breast cancer used WebChoice differently might indicate
different needs for support and information. As described
previously, low levels of social support without any other user
characteristics was associated with high use of all components
of WebChoice for women with breast cancer, but not for men
with prostate cancer. Findings from a study of a computer
support group for women with breast cancer were similar,
showing a trend toward a higher volume of forum postings
among those with lower levels of preexisting social support
[33].

In this study, high levels of depression were associated with
high use of several components in WebChoice among women
with breast cancer whereas high levels of symptom distress
were associated with high use among men with prostate cancer.
One of the reasons could be difference in symptoms among
prostate and breast cancer patients. For example, urinary
incontinence and reduced sexual function are highly prevalent
and bothersome for prostate cancer patients, potentially
indicating different needs for support. It has been reported that
men with prostate cancer use online support sites for information
and women with breast cancer use them for emotional support

[53,54]. The fact that low social support and high illness burden
are associated with high use of several components, indicate
that these characteristics are not barriers to use but rather
function as motivators for use. The same pattern was seen
previously in a study of an interactive cancer communication
system [18].

Differences Between Users and Nonusers
Consistent with earlier studies, previous computer experience
made the patients somewhat more likely to use WebChoice
compared with those with no or little former experience. As
Internet access and computer literacy have increased in society,
it suggests that more patients may be reached with Web-based
support in the future.

Individuals without other illnesses in our study were more than
twice as likely to use WebChoice compared to those with
multiple illnesses. This finding is consistent with previous
studies showing that users of Internet interventions are healthier
than nonusers [22,55]. Chronically ill people are also reported
to be less eHealth literate [32], thus they may not regard
Web-based interventions as a suitable alternative for them, or
they may be too ill to benefit. This could indicate that, at present,
it may be more difficult to reach those with a higher illness
burden. Another explanation for our findings might be that some
of the WebChoice components (assessment, information, and
advice) in this study specifically targeted breast and prostate
cancer patients; thus, it could have been considered of limited
value for patients with multiple conditions.

Known demographic predictors for use of Web-based
interventions, such as education [20,21,24,26-28,56] and income
[27,29], were not associated with use in our sample. This might
be related to the inclusion criterion of having Internet access,
and the fact that the sample was self-recruited. When the study
started in 2006, 69% of the Norwegian population had access
to the Internet [57]. This increased to 84% in 2008. Those with
Internet access at that time were younger and had higher
education and income compared to those without access. This
is reflected in the study sample, as our participants were higher
educated than the general population in Norway at that time.
Interestingly, we did not find any statistically significant
association between age and gender and frequency of use; other
studies have described younger people and women as the most
frequent users of Web-based interventions [20,24-26,28,29]. In
our study we found a trend, although not statistically significant,
that individuals over 50 years were almost twice as likely to be
users compared to those under 50 (OR 1.75, 95% CI .74-4.13,
P=.20), which corresponds to more recent studies in which older
people are reported to be more motivated to use e-consultation
than younger people [58], and also to use eHealth applications
[22]. Moreover, age and diagnosis/gender were closely
correlated in our study because all breast cancer patients were
women and tended to be younger than the men with prostate
cancer. Gender might also be a factor, but because breast and
prostate cancer diagnoses are gender specific, it was not possible
to distinguish between the effect of gender and diagnosis. As
more people become computer literate, we might see several
new groups of users of Web-based interventions.
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The finding that only two-thirds of participants actively used
WebChoice is consistent with other studies on the use of
Web-based interventions, and it raises the question of what may
motivate patients to use a system such as WebChoice.
Interestingly, baseline levels of factors such as social support,
symptom distress, and depression did not predict whether a
patient became a user; the only variables that were associated
with use were previous computer experience and having
additional illnesses. This suggests that other factors may also
be at play. Very few studies have investigated patients’ reasons
for using or not using Web-based interventions, and previous
studies on user experiences have primarily included active users
only. Grimsbø et al [51] recently interviewed individuals with
access to WebChoice to gain more insights into patients’ reasons
and motivations for their use or nonuse. These interviews
suggested that cancer patients had different needs, and that
WebChoice was meaningful and suitable for some patients, but
not all. Although some described perceived helpfulness as their
main reason for using the application, others reported they did
not want to assume a “sick” role or be reminded of having
cancer and wished to “get on with their lives” as reasons for
nonuse [51].

An important question is whether the factors that predict usage
might also predict benefit. Similarly, does amount of usage
relate to benefit? Higher dosage of an intervention has been
connected to better outcomes of behavioral change programs
for fruit consumption and maintenance of weight loss [21,59].
However, the dose of use and its relationship with effect is rarely
reported in effect studies of Web-based interventions. Volume
of use does not necessary lead to increased benefit. As in our
study, different users utilized different components. Thus, the
“right component” could be the one that also has some benefit,
but not necessarily total volume of use, depending on the
importance of the information or support provided. For example,
reading advice for a very bothersome symptom once may be
enough to learn how to relieve it and, thus, be tremendously
beneficial, whereas reading postings on the discussion forum
many times may help one to feel good, but may not be equally
beneficial for managing symptoms. Reading advice once would
be registered as low usage, engaging in the forum as high. As
noted by some of the users of WebChoice [51], reading
information on WebChoice could upset them or calm them
down, and extensive use could be based on the fear of missing
information about the cancer.

Strengths and Limitations
The data from the server log provided detailed information on
overall use of WebChoice and for each component on an
individual and group level in this study, allowing us to perform
the types of analysis presented here. Another strength is that
we had baseline scores for all individuals and a low proportion
of missing data. Data on use patterns of Web-based interventions
can be challenging to analyze because they are rarely normally
distributed, and there are often large variations in use. The use
of LCA is a valid and valuable method used to analyze user
patterns and identify subgroups of users according to specific
characteristics, which adds to the strengths of this study.

However, several limitations also need to be addressed. First,
participants in this study were self-selected and recruited through
advertisement and pamphlets. In addition, they had to have
Internet access. Increased willingness to participate in research
studies is associated with higher education and use of the
Internet (at least at the time of this study); therefore, these
factors may limit generalizability. The men with prostate cancer
in our study were younger (median 67 years) compared to
patients diagnosed with prostate cancer in Norway in 2004
(median 72 years) [60]. Women with breast cancer in our study
were also younger (median 50 years) compared to a study of
337 breast cancer patients in 2004 (median 55 years) [61].
Secondly, the relatively small sample put some constraints on
the choice of statistical models. We chose to stratify all our
statistical models by diagnosis/gender, thus making the
comparison groups even smaller. In addition, the prostate cancer
group was smaller than the breast cancer group, which might
have further limited statistical power. The small sample size
also reduced the number of variables that we were able to
include in the LCA models. Given the limited statistical power,
we chose to categorize our variables by using tertiles. We are
aware that by doing so we might have lost some degree of
information on differences in the underlying population. On the
other hand, when fitting the models with categorical variables
we were able to detect a direction on how low or high scores
were associated with different use patterns of WebChoice.
Computer experience and not having other illnesses were
significantly related to increased probability of using
WebChoice. However, given the size of our confidence intervals,
reliability of our estimates may be somewhat uncertain. In
addition, the measure of computer experience was based on a
single question about the participant’s own opinion about their
experience with computer use on a 5-item scale and those
specific results should be interpreted with caution.

Furthermore, because this is an exploratory study with many
tests of associations, other studies are warranted to replicate
these findings. Finally, we do not know if the observed
differences between breast and prostate cancer patients were
related to the 2 diagnoses or to gender. Therefore, to clarify,
future studies should include cancer diagnoses that affect both
women and men.

Conclusion
This study provides evidence about how different user
characteristics influence the use of a Web-based illness
self-management system among cancer patients. Such
knowledge is crucial to target Web-based support systems to
different patient groups. In our study, e-messages and advice
for self-management support were components highly used by
patients with low levels of social support and high levels of
symptom distress and depression. Because patients with these
characteristics may have a high need for support, these are
components that may be particularly important to include in
Web-based support systems for illness management support.
Low levels of social support and high levels of depression
influenced use of the system for women with breast cancer,
whereas high levels of symptom distress influenced use for men
with prostate cancer. Results highlight the importance of
integration of multiple components in Web-based support
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systems to address different needs and reasons for use. LCA is
a useful technique to identify subgroups of users and can be
successfully applied for the analysis of user patterns of
Web-based interventions. Our results will be employed in the

further development of the WebChoice application, and can be
utilized by developers and researchers in creation and evaluation
of Web-based interventions optimizing content for different
user groups.
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Abstract

Background: Tobacco smoking leads to death or disability and a drain on national resources. The literature suggests that
cigarette smoking continues to be a major modifiable risk factor for a variety of diseases and that smokers aged 18-30 years are
relatively resistant to antismoking messages due to their widely held belief that they will not be lifelong smokers.

Objective: To conduct a randomized controlled trial (RCT) of a computer-generated photoaging intervention to promote smoking
cessation among young adult smokers within a community pharmacy setting.

Methods: A trial was designed with 80% power based on the effect size observed in a published pilot study; 160 subjects were
recruited (80 allocated to the control group and 80 to the intervention group) from 8 metropolitan community pharmacies located
around Perth city center in Western Australia. All participants received standardized smoking cessation advice. The intervention
group participants were also digitally photoaged by using the Internet-based APRIL Face Aging software so they could preview
images of themselves as a lifelong smoker and as a nonsmoker. Due to the nature of the intervention, the participants and researcher
could not be blinded to the study. The main outcome measure was quit attempts at 6-month follow-up, both self-reported and
biochemically validated through testing for carbon monoxide (CO), and nicotine dependence assessed via the Fagerström scale.

Results: At 6-month follow-up, 5 of 80 control group participants (6.3%) suggested they had quit smoking, but only 1 of 80
control group participants (1.3%) consented to, and was confirmed by, CO validation. In the intervention group, 22 of 80 participants
(27.5%) reported quitting, with 11 of 80 participants (13.8%) confirmed by CO testing. This difference in biochemically confirmed

quit attempts was statistically significant (χ2
1=9.0, P=.003). A repeated measures analysis suggested the average intervention

group smoking dependence score had also significantly dropped compared to control participants (P<.001). These differences
remained statistically significant after adjustment for small differences in gender distribution and nicotine dependence between
the groups. The mean cost of implementing the intervention was estimated at AU $5.79 per participant. The incremental
cost-effectiveness ratio was AU $46 per additional quitter. The mean cost that participants indicated they were willing to pay for
the digital aging service was AU $20.25 (SD 15.32).

Conclusions: Demonstrating the detrimental effects on facial physical appearance by using a computer-generated simulation
may be both effective and cost-effective at persuading young adult smokers to quit.
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Trial Registration: Australian New Zealand Clinical Trials Registry: ACTRN12609000885291;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12609000885291 (Archived by WebCite at
http://www.webcitation.org/6F2kMt3kC)

(J Med Internet Res 2013;15(3):e64)   doi:10.2196/jmir.2337
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Introduction

Tobacco smoking leads to premature death or morbidity and
places a drain on national resources. Consequently, health
professionals and governments stress the importance of smoking
cessation and a reduction in exposure to tobacco smoking [1,2].

The younger people are when they start smoking, the greater
the risk of illness or death caused by smoking [3].
Approximately half of smokers die prematurely from their habit,
with half of these in middle age [4]. Smoking reduces life
expectancy by approximately 7 years, with significant morbidity
in the final years of a shortened life [4,5]. Even those who smoke
between 1 and 4 cigarettes per day triple their long-term risk of
dying from cardiovascular disease or lung cancer [6].

Currently in Australia, 19.7% of males and 16.3% of females
aged 20 to 29 years smoke on a daily basis [7]. The detrimental
long-term health effects of smoking, such as cardiovascular
diseases and a variety of cancers, are generally well known in
Australia [8]. However, health promotion research shows that,
in isolation, knowledge about the hazards of smoking is
insufficient to deter smoking behaviors [9]. Young adults who
smoke are generally not concerned about the long-term health
consequences of smoking because they may believe they will
give up the habit while still young [10]. A number of previous
studies have investigated the potential of personalized,
computer-generated, facial aging software to prompt quit
attempts in young adult smokers. These have found facial aging
interventions to have some impact [11-14].

The objectives of this randomized controlled trial (RCT) were
to test the efficacy and cost-effectiveness of an intervention
based on personalized, vivid illustrations of “smoker’s face”
among young smokers (18-30 years of age). Smokers face
includes wrinkling of the face, gauntness of facial features, and
a gray and plethoric complexion. Efficacy was assessed by
comparing successful quitting, number of quit attempts, and
change in smoking dependence (assessed by the Fagerström
score) between the intervention and control groups. The study
also aimed to explore the value (feasibility and cost) of an
unfunded intervention within pharmaceutical practices.

Methods

Study Design and Population
This study was a RCT (Trial ID number:
ACTRN12609000885291) that recruited 160 participants (80
participants assigned to both control and intervention groups)
from 8 metropolitan community pharmacies located
geographically around Perth city center, Western Australia,
when presenting to collect prescribed medications or
over-the-counter (OTC) medications.

Eligibility criteria included (1) age range of 18-30 years old
(self-report); (2) smoker (defined as smoking 1 or more
cigarettes per day via self-report); (3) able to give consent; (4)
available for follow-up at 6 months; (5) no beards, mustaches,
or non-removable facial accessories; (6) no body dysmorphia
(participants screened using the Body Dysmorphic Disorder
Questionnaire [BDDQ)]) [15]; and (7) not using nicotine
replacement therapy (NRT) or taking oral drugs for nicotine
dependence.

Sample Size and Strategy
The sample size of 80 participants per group was calculated to
observe a medium effect size (d=0.5), with 80% power and a
type I error probability of 5%, and allowing for a 50% attrition
rate. The anticipated effect size and attrition rates were based
upon the results of a pilot study [16]. At each pharmacy,
participants were recruited and assigned by the researcher to
the different arms of the study on alternate weeks to minimize
contamination between intervention and control participants.
The study aimed to recruit 10 participants from each of the 8
pharmacies to each treatment arm (intervention or control). This
stratification by pharmacy was performed in an attempt to avoid
any bias due to socioeconomic factors.

The Intervention
The APRIL Face Aging software is an Internet-based
3-dimensional age progression software package that creates a
stream of aged images of faces from a standard digital
photograph (the wrinkling/aging algorithms based upon
normative data from people of a broad variety of ages,
ethnicities, lifestyle habits, as well as published data regarding
facial changes associated with aging). Additionally, the resulting
aged images can be adjusted to compare how a person will age
as a smoker versus as a nonsmoker (Figures 1 and 2).
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Figure 1. Current age photo (25 years) and future digitally aged photo (65 years) of a female current smoker.
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Figure 2. Digitally aged photos of female participant at 65 years as a nonsmoker (left) and as a smoker (right).

Data Collection
At recruitment, all participants were asked to complete a
baseline questionnaire consisting of demographic data, the
Fagerström Smoking Dependence Scale (score from 0-10) [17],
questions concerning attitudes toward personal appearance,
opinions about health risks associated with smoking, and
perceived barriers to quitting smoking. Participants were
recruited only if they were not using NRT and not taking oral
drugs for nicotine dependence. Participants in both the
intervention and control groups received standard 2-minute
smoking cessation advice from the pharmacist.

Participants in the intervention group were also screened for
body dysmorphia using the BDDQ. In addition, they were

photographed and their images were digitally aged as both a
smoker and a nonsmoker (using the Internet-based APRIL Face
Aging software), and invited to view the age-processed images
(Figure 3). They were also asked to complete a questionnaire
about their willingness to pay (WTP) for the digital aging
service. The digitally aged photograph was sent to their email
address within 24 hours of the intervention. Follow-up surveys
were undertaken via telephone at 1, 3, and 6 months, each taking
approximately 3 minutes to complete.

If participants stated at the 6-month follow-up that they had quit
smoking, they were required within 48 hours to undertake a
carbon monoxide (CO) breath test to validate their nonsmoking
status. The CO monitor utilized was a portable, battery-operated
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Smokerlyzer (Bedfont Scientific Ltd, Kent, England, UK) that provided a CO level reading in parts per million (ppm).

Figure 3. Intervention being delivered by pharmacist.

Primary Outcomes Measured
The primary outcomes measured were (1) the effect of the
intervention by using successful quitting, quit attempts, and
progression along the transtheoretical stages of change model,
and (2) nicotine dependence using the Fagerström scale. These
were measured at baseline and at 1-, 3-, and 6-month follow-ups.

The demographic and baseline smoking habit profiles of the
recruited participants were compared between groups using
Fisher’s exact test and Pearson’s chi-square test for categorical
variables, and the Student’s t test for continuous variables. The
primary endpoints of the study at the 6-month follow-up were

analyzed using chi-square tests to compare percentages of
quitters in each group, or t tests to compare smoking dependence
levels. Percentages of quitters in each group were compared as
both self-reported values and as CO-validated values. A logistic
regression model was used to analyze the percentage of quitters
in the 2 groups after adjustment for any possible differences
between groups on the basis of demographic or baseline data.
A repeated measures analysis (random effects regression model)
was used to identify any changes in the Fagerström dependence
score over the entire course of the study using 1- and 3-month
follow-up surveys in addition to baseline and 6-month data.
Data were analyzed using SAS v9.2 software (SAS Institute,
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Inc, Cary, NC, USA) with P<.05 taken to indicate a statistically
significant association.

Secondary Outcomes Measured
The secondary outcomes measured were (1) the
cost-effectiveness of the intervention from a health sector
perspective in terms of the incremental cost per additional quitter
and per additional lifetime quitter, and (2) the business viability
of delivering the intervention in a community pharmacy. These
were calculated at the conclusion of the study.

Two perspectives were adopted: a health sector perspective and
the perspective of a community pharmacy on the assumption
that the intervention was not government funded. The direct
costs of providing the digital aging service over and above
providing standard cessation advice were calculated based on
the time taken to provide the service and the cost to a pharmacy
of purchasing tokens to use the online software to photoage
participants. The cost of a pharmacist’s time was valued based
on a published recommended rate of pay in Western Australia
[18] and tokens were costed based on market price [19]. Time
taken that was protocol driven was excluded. Potential cost
offsets from a reduction in health care costs of quitters were
used to calculate net intervention costs. Cost offsets were based
on the Quit Benefits Model, which is a tool developed in
Australia to predict the difference in health care costs of smokers
and nonsmokers for males and females by age group after 10
years follow-up [20]. This follow-up period was considered
long enough to show the beneficial impact of quitting, but short

enough to remain within the time frame of policy makers. Cost
offsets were discounted at a rate of 3% as recommended by the
US Panel on Cost-effectiveness in Health and Medicine [21].
All costs were expressed in 2011 Australian dollars. The cost
of the tokens was converted from American dollars to Australian
dollars based on the average exchange rate in 2011 [22]. The
number of lifetime quitters was calculated assuming a long-term
smoking relapse rate of 37% within 10 years [23]. Smoking
relapse after 10 years of abstinence has been found to be less
than 1% per year [24].

To assess the robustness of the study results, a scenario
sensitivity analysis with the best-case and worst-case scenarios
were performed [25]. The parameters varied were the
pharmacist’s time spent providing the service, the exchange
rate for converting the cost of tokens from American dollars to
Australian dollars, and the discount rate (Table 1).

In the best-case scenario, the pharmacist’s time was adjusted
down by 25%, the exchange rate for converting American
dollars to Australian dollars was varied to the lowest level in
the past 5 years, and a discount rate of 0% was used [22]. In the
worst-case scenario, the pharmacist’s time was adjusted up by
25%, the exchange rate was varied to the highest level in the
past 5 years, and a discount rate of 5% was used. The
quantitative data from the customer survey (WTP questionnaire)
were analyzed using SPSS v17 software (SPSS Inc, Chicago,
IL, USA). Customers’ perceptions about the value of the
intervention and its impact on loyalty intentions and potential
future sales were analyzed by using simple descriptive statistics.

Table 1. Parameter values for base case and sensitivity analyses.

Scenario sensitivity analysisBase caseItema

Worst caseBest case

6.03.64.8Pharmacist time per participant to deliver service (mins)

--907.40Award wage rate per week for a pharmacist (AU$)

6.533.633.87Cost of a token (AU$)

1.63210.90670.9687Exchange rate (AU$)

503Discount rate (%)

a Compared to US $1.

Results

Study Design and Population
Customers were screened for eligibility to the RCT from 8
community pharmacies (Figure 4).

Sample Size and Strategy
In total, 1259 customers were screened for eligibility; 213
customers were eligible and 160 were recruited, the others
declined the invitation to participate for a range of very different
reasons. Eighty participants were recruited to the control group
and 80 to the intervention group.

The Intervention
The smoker’s face simulations were created using a digital
photograph (6.0 megapixels) taken of the intervention

participants and uploaded to APRIL Face Aging software
version 2.5 on a laptop computer.

Data Collection
The RCT was conducted between January 2010 and December
2010 and all follow-up surveys were completed by June 2011.
The final 6-month follow-up showed a response rate of 77.5%
for the control group and 72.5% for the intervention group. The
demographic and baseline smoking behaviors of recruited
participants are shown and compared between groups
(intervention versus control) in Table 2.

There were more females and lighter smokers (smoking up to
5 cigarettes per day) in the intervention group; however, there
were no statistically significant differences between the control
and intervention groups on demographic or smoking dependence
variables at baseline. No participants were revealed to have
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body dysmorphia. A number of questions on the survey were
designed to gather the respondents’opinions of self-perceptions
and their attitudes toward their smoking behavior. These
questions were taken from an earlier survey [11], and showed
that the groups were generally well matched. However, a greater
proportion of the intervention group appeared to be concerned

about their physical appearance (82.5% versus 67.5%, χ2
1=4.8,

P=.03), and believed that facial wrinkles were associated with

smoking (98.8% versus 85.0%, χ2
1=10.1, P=.002). There was

no difference in the proportion of participants in each group
who had made at least 1 attempt to quit smoking in the past

(68.4% versus 70.9%, χ2
1=0.1, P=.73).

Figure 4. Profile of the randomized controlled trial (using CONSORT guidelines).
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Table 2. Demographic and baseline smoking profile of study participants (N=160).

P valuea
Treatment group

(n=80)

Control group

(n=80)Variable

Gender, n (%)

.1025 (31.3)35 (43.8)Male

55 (68.7)45 (56.2)Female

.16b24.2 (4.1)25.1 (4.1)Age, mean (SD)

.71Education, n (%)

17 (21.3)15 (19.0)Year 10 high school

29 (36.3)31 (39.2)Year 12 high school

22 (27.5)17 (21.5)Technical and further education (TAFE) qualifi-
cations

12 (15.0)16 (20.3)Degree (university/college)

.35Cigarettes per day over past 30 days, n (%)

19 (23.8)11 (13.8)1

10 (12.5)9 (11.3)2-5

14 (17.5)21 (26.3)6-10

29 (36.3)27 (33.8)11-20

8 (10.0)12 (15.0)>21

.82b2.87 (2.48)2.96 (2.52)Fagerström score, mean (SD)

.92Fagerström dependency score, n (%)

39 (49.4)39 (48.8)0-2

18 (22.8)19 (23.8)3-4

10 (12.7)8 (10.0)5

10 (12.7)10 (12.5)6-7

2 (2.5)4 (5.0)8-10

a From chi-square test (unless otherwise marked) comparing the treatment groups.
b From t test.

Primary Outcomes Measured
Table 3 shows the response rates to the follow-up surveys, and
the change in smoking behavior over the study duration. There
was a significant difference in the proportion of participants
self-reporting to have successfully quit smoking by the 6-month
survey. Assuming that participants who failed to complete the
final follow-up survey continued to smoke, only 1 of 80 control
participants (1.3%, 95% CI 0-6.7) were confirmed nonsmokers
compared to 11 of 80 participants in the intervention group
(13.8%, 95% CI 7.8-22.9). This difference in confirmed quitting

is statistically significant (χ2
1=9.0, P=.003). The intervention

group contained a larger proportion of participants responding
to the question: “I care about how people think I look.” A
logistic regression model was used to investigate the association
between treatment group and self-reported quitting after
adjustment for this difference as well as the small differences
between groups in gender and nicotine dependence. The
difference remained statistically significant after adjustment for
these potentially confounding variables (P=.003).

A similar model using confirmed quitting as the dependent
variable showed an adjusted P value for the treatment group of
P=.03.
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Table 3. Pattern of survey completion and change in smoking behavior at 6-month follow-up (N=160).

P valuea
Treatment group

(n=80)

Control group

(n=80)Variable

Response to follow-up questionnaires, n (%)

.3848 (60.0)56 (70.0)All surveys completed

Incomplete (last survey completed), n (%)

10 (12.5)6 (7.5)6 month

14 (17.5)8 (10.0)3 month

4 (5.0)3 (3.8)1 month

4 (5.0)7 (8.8)No follow-up

Quit smoking at 6 months, n (%)

<.00122 (27.5)5 (6.3)Self-report (questionnaire)

.00311 (13.8)1 (1.3)Confirmed (CO-validated)

<.001bChange in Fagerström smoking dependence score at 6 months, n (%)

41 (51.3)11 (13.8)Reduced dependence

39 (48.8)68 (85.0)No change

01 (1.3)Increased dependence

<.001cChange in mean Fagerström score from baseline

–0.83–0.14At 1-month follow-up

–1.34–0.38At 3-month follow-up

–1.88–0.26At 6-month follow-up

a From chi-square tests unless otherwise specified.
b From Fisher’s Exact test.
c Obtained from a repeated measures analysis including all available surveys.

Table 3 also shows changes in the Fagerström smoking
dependence score. The 6-month score was grouped into the 5
broad dependence level categories and compared with baseline
data. There was a significant difference in change in smoking

dependence between groups (χ2
2=26.2, P<.001), with 14% of

the control group moving to a lower category compared to 51%
of the intervention group doing so.

A random effects regression model was used to model the mean
change in Fagerström score from baseline by using data from
all follow-up surveys The control group did not experience a
significant drop in Fagerström score over the study (P=.36),
whereas the participants in the intervention group dropped by
an average of approximately 1.9 points (P=.002). The change
in mean scores over the whole study was significantly different
between treatment and control groups (P<.001).

Although there were no differences between participants at
baseline, the regression models were extended to adjust for the
gender and age of the participant, and the number of cigarettes
smoked at baseline. The models were fitted to the control and

intervention group separately because it was clear that changes
in score appeared only in the intervention group. For the control
group, there were no associations between change in score and
age (P=.14), gender (P=.72), or baseline consumption (P=.49).
However, for the intervention group, age (P<.001) and baseline
consumption (P<.001) were significantly associated with change
in score, whereas gender (P=0.34) was not associated. Older
participants were less likely to reduce their score than younger
participants (P=.001), suggesting that the intervention may have
a greater effect on the younger participants. Participants who
smoked more than 10 cigarettes per day showed a significant
drop in score on the Fagerström scale of at least 1 point (P<.001)
independent of age. Participants smoking 6 to 10 cigarettes per
day obtained a lower score, but this change was not statistically
significant (P=.07), whereas light smokers (0-5 cigarettes per
day) showed no change in score.

Secondary Outcomes Measured
Total costs of implementing the intervention from a health sector
perspective were AU $463, or the equivalent of AU $5.79 per
participant (Table 4).
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Table 4. Economic analysis of photoaging service.

Scenario sensitivity analysisBase caseItem

Worst caseBest case

8.935.075.79Mean cost per participant of service (AU$)

714406463Total cost of servicea (AU$)

Incremental cost-effectiveness ratio (ICER)

714146Cost per additional quitter (AU$)

1136474Cost per additional lifetime quitter (AU$)

186726602144Cost offset from reduction in health care costs (AU$)

131623461778Net total cost savings (AU$)

Willingness to pay for service (AU$)

--20.25 (15.32)Mean (SD)

--20.00

(10.00, 20.00)

Median (IQR)

a For all 80 participants.

With an additional 10 quitters confirmed in the intervention
group compared to the control group (11 and 1, respectively),
the incremental cost-effectiveness ratio (ICER) was AU $46
per additional quitter, or the equivalent of AU $74 per additional
lifetime quitter. Cost offsets of AU $2144 from a reduction in
the health care costs of quitters resulted in the intervention
potentially generating net total cost savings of AU $1778. In
the best-case scenario, the ICER was AU $41 per additional
quitter and net total cost savings were AU $2346. Corresponding
figures for the worst-case scenario were AU $71 per additional
quitter and AU $1316, respectively.

The mean cost that the participants indicated that they were
willing to pay for the digital aging service was AU $20.25,
which exceeded the mean cost per participant for delivering the
service (AU $5.79). The median cost they were willing to pay
was AU $20, similar to the mean value. More than 80% of
participants said they would be more likely to use the pharmacy
to purchase future smoking cessation therapies and to use it
more for other purchases. More than 80% of participants also
thought their friends would be willing to pay for the service,
and all but 2 participants said they would recommend the
photoaging intervention to 1 or more friends who were smokers.

Discussion

Summary of Findings
The impact of the photoaging innovation on confirmed quit
attempts by the young people recruited to this study was
statistically significant (P=.003). The data further demonstrate
that the photoaging intervention had a larger influence on
younger participants. Also, the participants who did not make
a quit attempt, but who smoked more than 10 cigarettes per day,
were likely to become less dependent on nicotine.

Strengths and Weaknesses of the Study
The pharmacies selected to take part in the study were chosen
to cover a range of socioeconomic areas and the equal number
of study participants selected for each treatment group at each

pharmacy aimed to diminish any potential biases. However,
because of the nature of the intervention, the participants and
researcher could not be blinded to the study group. Allocation
to groups was not performed as eligible participants were
recruited, but according to the treatment being used at the
pharmacy during that week. In this setting, there was a
substantial risk of contamination between treatment and control
groups if participants had been randomized at the point of
recruitment rather than by week of attendance at the pharmacy.

The baseline comparisons showed that the 2 groups were very
similar on smoking dependence scores, and the 6-month
follow-up response rate was high (over 70% for both groups).
Follow-up to 12 months may have been preferable, but
impractical, in this case. However, follow-up at 6 months was
augmented by biochemical verification of tobacco use and
cessation [26]. If participants stated they had made a quit attempt
at the 6-month conclusion of the study, they were invited to
undertake a CO monitor test to validate their nonsmoking status.
It was disappointing that so few participants in the control group
agreed to CO verification. There are 2 possible reasons for this:
it is possible that they continued to smoke, or they were not as
engaged in the project as the intervention group and were less
amenable to follow-up. Nevertheless the self-reported smoking
status data are interesting and although likely to be prone to
socially desirable responses, the effect size is still substantial
and on a par with other intervention trials.

Although there were more females and light smokers in the
intervention group, this was not statistically significant and
appeared not to diminish the significant statistical association
between treatment group and quitting smoking.

Strengths and Weaknesses in Relation to Other Studies
Although many individualized smoking cessation interventions
have been implemented in the past few decades, few have had
as marked an impact as reported here. With the advent of digital
technology, quit messages can now be delivered by mobile

J Med Internet Res 2013 | vol. 15 | iss. 3 | e64 | p.44http://www.jmir.org/2013/3/e64/
(page number not for citation purposes)

Burford et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


telephone, email, text messaging, and online social networks
[27].

To date, there have been few studies reporting on a personalized
photoaging intervention [12-14]; those published have only
recruited females, and only 1 of these studies was an RCT that
recruited a small number of female smokers who had been
referred to a smoking cessation service [14].

Implications for Clinicians and Policy Makers
The economic analysis demonstrates that this personalized
smoking cessation intervention is cheap and cost-effective, and
it could be readily adopted in community pharmacies. It targets
young smokers who are at significant risk of adverse effects of
smoking if they continue lifelong smoking.

With an ICER of AU $74 per additional lifetime quitter, the
intervention is cost-effective compared with other individualized
smoking cessation programs. For example, a systematic review
of economic evaluations of a range of smoking cessation
interventions found ICERs of between US $260 to US $3263
per lifetime quitter (2002) for counseling or self-help programs
versus usual care [28]. These ICERs are of a similar order of
magnitude as reported elsewhere for brief advice from a general
practitioner to quit smoking and smoking cessation counseling
of £196 and £653 per lifetime quitter respectively (1999) [29].
Although these other studies calculated ICERs based on a

societal perspective, additional non-health care costs of the
photoaging interventions, such as patient time input, are
minimal.

Unanswered Questions and Future Research
A review commissioned by the Australian Commonwealth
Department of Health and Ageing concluded that interventions
delivered by health care providers significantly increased the
number and success of quit attempts made in Australia each
year [30].

Health care providers, such as pharmacists, are accessible and
highly trained [31]. They have an established role in delivering
smoking cessation pharmacotherapies and other forms of
cessation assistance [32,33]. Could this intervention also be
delivered by other health care providers in community settings,
such as family medicine or allied health clinics?

A significant development for the use of mass media in
delivering antismoking messages is the advent of digital
technology. Technologies such as the Internet, social networking
sites, and smartphones have the potential to reach large
populations of younger people [2,28,34]. Could this Internet
technology be delivered to the public without professional
facilitation and would it have the same effect?

Further experimental research deploying photoaging technology
is needed to answer these questions.
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Abstract

Background: An accurate and up-to-date estimate of the potential reach of Internet-based smoking cessation interventions
(ISCIs) would improve calculations of impact while an understanding of the characteristics of potential users would facilitate the
design of interventions.

Objective: This study reports the prevalence and the sociodemographic, smoking, and Internet-use characteristics of smokers
interested in using ISCIs in a nationally representative sample.

Methods: Data were collected using cross-sectional household surveys of representative samples of adults in England. Interest
in trying an Internet site or “app” that was proven to help with stopping smoking was assessed in 1128 adult smokers in addition
to sociodemographic characteristics, dependence, motivation to quit, previous attempts to quit smoking, Internet and handheld
computer access, and recent types of information searched online.

Results: Of a representative sample of current smokers, 46.6% (95% CI 43.5%-49.6%) were interested in using an Internet-based
smoking cessation intervention. In contrast, only 0.3% (95% CI 0%-0.7%) of smokers reported having used such an intervention
to support their most recent quit attempt within the past year. After adjusting for all other background characteristics, interested
smokers were younger (OR=0.98, 95% CI 0.97-0.99), reported stronger urges (OR=1.29, 95% CI 1.10-1.51), were more motivated
to quit within 3 months (OR=2.16, 95% CI 1.54-3.02), and were more likely to have made a quit attempt in the past year (OR=1.76,
95% CI 1.30-2.37), access the Internet at least weekly (OR=2.17, 95% CI 1.40-3.36), have handheld computer access (OR=1.65,
95% CI 1.22-2.24), and have used the Internet to search for online smoking cessation information or support in past 3 months
(OR=2.82, 95% CI 1.20-6.62). There was no association with social grade.

Conclusions: Almost half of all smokers in England are interested in using online smoking cessation interventions, yet fewer
than 1% have used them to support a quit attempt in the past year. Interest is not associated with social grade but is associated
with being younger, more highly motivated, more cigarette dependent, having attempted to quit recently, having regular Internet
and handheld computer access, and having recently searched for online smoking cessation information and support.

(J Med Internet Res 2013;15(3):e50)   doi:10.2196/jmir.2342
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Introduction

The World Health Organization recently attributed 12% of all
global deaths among adults aged 30 years and over to tobacco
[1]. Almost all these deaths could be avoided if smokers quit
before their mid-30s [2]. Yet, in many countries such as the
United Kingdom, less than a quarter of smokers quit by this age
despite the majority wanting and trying to stop [3,4]. The most
effective interventions involve face-to-face behavioral support
combined with medication such as nicotine replacement therapy
or varenicline [5-7]. However, even in England, where there is
a universally available behavioral support program, the vast
majority of smokers do not use face-to-face support and almost
half attempt to stop unaided [8]. The Internet could be an ideal
medium for helping those people who do not wish, or are unable,
to engage in face-to-face behavioral support [9,10].

Behavioral support delivered via the Internet has the advantage
that it is extremely cost-effective, and some patients prefer the
increased convenience and confidentiality and reduced stigma
[11,12], while others who are less able to access face-to-face
support because of either mobility or geographical barriers may
also find it useful. The benefits of Internet support over other
low-cost and convenient alternatives to face-to-face support,
such as written materials, include the capacity for interactivity
and tailoring. Additionally, researchers and practitioners should
be attracted by the capability to disseminate evidence-based
support faithfully and flexibly update content to reflect new
information as it emerges [13].

There is extensive evidence that the Internet can be an effective
delivery mode for the behavioral support of a variety of health
issues [11,14], and the United Kingdom has issued guidance to
use particular programs in routine clinical care (eg, Beating the
Blues for mild and moderate depression and FearFighter for
phobia, panic, and anxiety) [15]. More importantly, there is also
specific evidence from three separate systematic reviews that
Internet-based smoking cessation interventions (ISCIs) can help
smokers to quit compared with brief written materials or no
intervention [16-18]. Current evidence is somewhat limited by
the heterogeneity of effect across different interventions,
insufficient reporting of content [19-21], and the paucity of data
relating to long-term abstinence with biochemical verification
of smoking status, yet research work is underway that may be
able to address these limitations (eg, StopAdvisor [22,23]). In
the context of this modest evidence of efficacy, together with
the unique advantages of ISCIs, such as low cost, it is important
to identify the prevalence of smokers who would be interested
in using such support.

An accurate estimate of the likely reach of ISCIs is necessary
for calculations of impact [24]. Previous estimates of potential
reach have often been based on either national figures for
Internet access or reported interest among nonrepresentative
samples [25,26]. One study that did assess a representative
sample of smokers estimated that 40% were interested in using
an ISCI [27]. However, the study was conducted between

2006-07, and Internet access and usage patterns are relatively
fast-moving phenomena [28]. For example, in Britain the
percentage of households that have at least one method of using
the Internet while at home increased from 58% in 2003 to 70%
in 2009 and again to 77% in 2011 [28,29], while the use of
wireless Internet hotspots doubled in just 12 months to 4.9
million users in 2011 [29].

Understanding the characteristics of smokers interested in using
ISCIs may help the development of new interventions, or
modification of existing ones, in several regards including
tailoring dimensions, choice of content and features, navigational
architecture, and language style and complexity. Similarly,
designers would be interested in these associated characteristics
for the purpose of dissemination, particularly online advertising,
which can often be targeted to reach, or at least focus on, only
certain demographic groups. Previous studies have characterized
individuals who search for cessation information [30] and who
use Internet interventions [31-35], smokers on their use of the
Internet [36], and smokers who were either invited to, eligible
for, or enrolled in cessation programs according to their
subsequent use of the interventions [37-39]. While it is clearly
essential to understand these profiles, particularly what
determines use among those who are already interested, in order
to improve the appeal of these cessation interventions it is also
important to establish how interested smokers compare with
those who are not in nationally representative samples. To our
knowledge, only one other study has characterized a
representative sample of smokers on the basis of their interest
in ISCIs [27]. In that study, younger and more cigarette
dependent smokers who had better Internet access were more
likely to express an interest. However, there was no assessment
of other important smoking characteristics such as current
motivation to stop and past quit attempts, nor was there an
assessment of recent online searching behavior.

This study addressed the following research questions:

1. How many smokers in a nationally representative sample
are interested in using ISCIs?

2. What smoking, Internet use, and sociodemographic
characteristics are associated with interest in the use of
these interventions?

Methods

Study Design
The data were taken from the Smoking Toolkit Study [40],
which is an ongoing series of cross-sectional household surveys
in England designed to provide information about smoking
prevalence and behavior. Each month a new sample of
approximately 1800 adults aged 16 and over completes a
face-to-face computer-assisted survey with a trained interviewer.
By conducting a face-to-face rather than online survey, Internet
access should not confound the results. Taylor Nelson
Sofres-British Market Research Bureau collects the data as part
of their monthly omnibus surveys on behalf of researchers at
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the Cancer Research UK’s Health Behaviour Research Centre,
University College London, who conceived of the study and
continue to manage it. The surveys use a form of random
location sampling. England is split into 165,665 Output Areas,
each comprising approximately 300 households. These Output
Areas are stratified by A Classification Of Residential
Neighbourhoods (ACORN) characteristics (an established
geo-demographic analysis of the population provided by CACI
International) and then randomly selected to be included in the
lists of the interviewers. Interviewers travel to the selected areas
and perform interviews with one participant per household until
quotas based upon factors influencing the probability of being
at home (working status, age, and gender) are fulfilled. Morning
interviews are avoided to maximize participant availability.
These survey methods have been previously described and have
been shown to result in a baseline sample that is nationally
representative in its sociodemographic composition and
proportion of smokers [40]. Ethical approval was granted by
the University College London ethics committee.

Participants
We used data from respondents to the survey between February
2012 and April 2012 who reported smoking cigarettes (including
hand-rolled) daily or occasionally at the time of the survey. A
total of 5405 adults were surveyed; 1190 reported currently
smoking cigarettes regularly of whom 1128 had complete data
on all relevant variables.

Measures
Current smokers were asked: “If there were an Internet site that
was proven to help with stopping smoking, how likely is it that
you would try it?” and also “If there were an application (“app”)
for your handheld computer (like a “smartphone” [eg, an iPhone,
Blackberry, or Android phone], palmtop, PDA, or tablet) that
was proven to help with stopping smoking, how likely is it that
you would try it?”. For the purposes of analysis, smokers’
responses on 4-point scales were dichotomized as either being
“interested” in using an Internet-based smoking cessation
intervention (ie, those responding “very likely” or “quite likely”
to either question) or “not interested” (ie, those responding “very
unlikely” or “quite unlikely” to both questions).

Additionally, current smokers were asked questions that assessed
gender, age, and social grade (AB = higher and intermediate
professional/managerial, C1 = supervisory, clerical, junior
managerial/administrative/professional, C2 = skilled manual
workers, D=semi-skilled and unskilled manual workers, E=on
state benefit, unemployed, lowest grade workers), dependence
(Heaviness of Smoking Index, HSI [41] and Strength of Urges
[42]), motivation to quit (Motivation to Stop Scale [43]),
previous attempts to quit smoking, access to the Internet and
handheld computers, and recent types of information searched
online, that is, “For which of the following activities did you
use the Internet in the last 3 months for private use? Please
indicate all that apply: (a) using services related to travel and
accommodation, (b) reading or downloading online
newsnewspapersnews magazines, (c) looking for a job or
sending a job application, (d) seeking health related information
or support other than stopping smoking (eg, injury, disease,
nutrition, improving health, etc), (e) seeking stop-smoking

related information or support, (f) looking for information about
education, training or courses, (g) doing an online course (in
any subject), (h) consulting the Internet with the purpose of
learning, (i) finding information about goods or services” [44].
Responses to Items (a) to (c) and (f) to (i) were aggregated to
calculate a variable identifying use of the Internet for
information other than health related (Item d) or smoking
cessation (Item e).

Analysis
Data were analyzed using PASW 18.0.0. We used weighted
data only to estimate the prevalence of interest in ISCIs among
all smokers regardless of their Internet access. Data were
weighted using the rim (marginal) weighting technique to match
English census data on age, sex, and socioeconomic group. To
assess smoking, Internet use, and sociodemographic
characteristics associated with interest in the use of ISCIs, we
conducted a series of simple and multiple logistic regressions.
Alpha was set at P<.05.

Results

Approximately 70% of current smokers had accessed the
Internet in the past week while a significant majority also had
access to a handheld computer (see Table 1). A minority of
users had searched for either smoking or health information
support, and more than half had searched for at least one of a
variety of “other” types of online information. The
sociodemographic and smoking characteristics were typical of
a representative sample of smokers [4,40], and by way of
comparison, the characteristics of the 4451 current smokers
included in the Smoking Toolkit Study for the 12 months before
the current study (ie, January 2011 to January 2012) are
presented in Table 1.

A total of 42.6% (95% CI 39.6%-45.7%) of current smokers
were interested in using Internet sites for smoking cessation,
23.9% (95% CI 21.3%-26.5%) were interested in apps, and
46.6% (95% CI 43.5%-49.6%) were interested in ISCIs (either
sites or apps). In contrast, only 0.3% (95% CI 0%-0.7%) of
smokers reported having used such an intervention to support
their most recent quit attempt within the past year.

Table 2 shows the smoking, Internet use, and sociodemographic
characteristics of smokers by their interest in the use of ISCIs.
There was evidence that interested smokers were younger, more
cigarette dependent (measured by both HSI and Strength of
Urges), more motivated to quit within 3 months, more likely to
have made a quit attempt in the past year, accessed the Internet
at least weekly, had handheld computer access, had used the
Internet to search for online smoking cessation information or
support in past 3 months, and had used it to search for a variety
of “other” online information. After adjusting for all other
background characteristics, associations remained between
interest and age, cigarette dependence (measured by Strength
of Urges), motivation to quit, past year quit attempt, weekly
Internet access, handheld computer access, and recent searching
for online smoking cessation information. Last, this pattern of
results was unchanged during sensitivity analyses in which the
associations between interest and the various characteristics
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were re-assessed separately when smokers were classified
according to whether or not they had expressed interest in (1)

an Internet site, or (2) an app (data not shown).

Table 1. Characteristics of current smokers.

Population of Smoking Toolkit Study:
Jan. ‘11 to Jan. ‘12

(n=4451)

Current sample of Smoking Toolkit
Study: Feb. ‘12 to Apr. ‘12

(n=1128)

43.0 (16.9)41.7 (16.7)Mean (SD) age

49.7 (2210)47.6 (537)% (N) women

69.9 (3112)72.4 (817)% (N) social grade C2DE

2.1 (1.5)2.0 (1.5)Mean (SD) heaviness of smoking index

2.1 (1.1)2.1 (1.0)Mean (SD) strength of urges score

22.9 (1020)20.3 (229)% motivated to quit within 3 months

30.5 (1358)30.9 (348)% quit attempt in past year

1.1 (49)1.3 (15)% using face-to-face behavioral support in most recent quit attempt
within past year

—70.1 (791)% access Internet at least weekly

—41.6 (469)% handheld computer access

—3.0 (34)% seeking online cessation information or support in past 3 months

—9.5 (107)% seeking online health (not smoking) information or support in past
3 months

—63.5 (716)% seeking “other” online information or support in past 3 months
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Table 2. Factors associated with interest in Internet-based smoking cessation interventions.

Adj. OR

(95% CI)

OR

(95% CI)

Not interested

(n=640)

Interested

(n=488)

0.98

(0.97-0.99)a

0.97

(0.96-0.97)a

45.6 (17.9)36.6 (13.5)Mean (SD) age

1.06

(0.81-1.38)

0.98

(0.77-1.24)

47.8 (306)47.3 (231)% (N) women

0.98

(0.73-1.32)

0.77

(0.59-1.00)

74.7 (478)69.5 (339)% (N) social grade C2DE

1.10

(1.00-1.22)

1.10

(1.02-1.19)a

1.9 (1.5)2.1 (1.5)Mean (SD) heaviness of smoking index

1.29

(1.10-1.51)a

1.33

(1.18-1.50)a

2.0 (1.0)2.3 (1.0)Mean (SD) strength of urges score

2.16

(1.54-3.02)a

2.67

(1.98-3.60)a

13.4 (86)29.3 (143)% motivated to quit within 3 months

1.76

(1.30-2.37)a

2.31

(1.78-2.99)a

23.1 (148)41.0 (200)% quit attempt in past year

0.96

(0.28-3.27)

1.99

(0.70-5.62)

0.9 (6)1.8 (9)% using face-to-face behavioral support in most
recent quit attempt within past year

2.17

(1.40-3.36)a

4.37

(3.24-5.90)a

58.1 (372)85.9 (419)% access Internet at least weekly

1.65

(1.22-2.24)a

2.97

(2.32-3.80)a

30.3 (194)56.4 (275)% handheld computer access

2.82

(1.20-6.62)a

4.45

(1.99-9.91)a

1.2 (8)5.3 (26)% seeking online cessation information or sup-
port in past 3 months

0.82

(0.53-1.29)

1.44

(0.96-2.14)

8.1 (52)11.3 (55)% seeking online health (not smoking) informa-
tion or support in past 3 months

1.43

(0.97-2.10)

3.13

(2.40-4.07)a

52.7 (337)77.7 (379)% seeking “other” online information or support
in past 3 months

aP<.05.

Discussion

Almost half of all current smokers were interested in using an
Internet-based smoking cessation intervention, however less
than 1% had used one to support their most recent quit attempt
in the past year. After adjustment for all background
characteristics, smokers who were younger, more dependent,
highly motivated to quit, had attempted to quit recently, accessed
the Internet regularly, had handheld computer access, and had
recently searched for online smoking cessation information or
support were all more likely to be interested in using online
stop smoking support.

The diffusion of the Internet since its inception over 40 years
ago has been phenomenal—recently, the Internet reached a
billion users worldwide [28]. In Britain, Internet access has
continued to increase with 77% of households connected in
2011 as compared to 58% in 2003 [28,29]. Although smokers
tend to have less access than nonsmokers [27], there remains a
majority of smokers that would be possible to reach via the

Internet—in this study over 70% had used the Internet in the
past week—and this number is only likely to increase [28]. As
a consequence, ISCIs are often cited as offering a valuable
opportunity to deliver low-cost behavioral support to large
numbers of smokers [16,21,25,45]. Importantly, this study now
adds an up-to-date estimate of the proportion of smokers
interested in using these interventions, which provides some
indication of their maximum potential reach and should allow
more accurate calculations of the likely impact of particular
interventions [24]. For example, from the RE-AIM perspective,
a public health impact score can be represented as a
multiplicative combination of reach, efficacy, adoption,
implementation, and maintenance. The accuracy of this
calculation for particular ISCIs may be improved by the
provision in the current paper of an up-to-date estimate of the
denominator necessary to calculate the reach, which is defined
as the proportion of the possible target population that participate
in a particular intervention.
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The current estimate of 47% of smokers who are interested in
ISCIs is higher than the 40% previously estimated from a
representative sample of smokers [27]. However, that study was
conducted in 2006-07, and it is reasonable to assume that interest
may have increased as a consequence of improving Internet
access [28]. Additionally, interest in ISCIs was operationalized
as an expression of interest in either an Internet site or app—the
number reporting interest only in Internet sites was 43%. Last,
the first study was conducted in Canada, and it is likely there
are cultural differences in interest as compared to England.

The finding that interested smokers were likely to be younger
and use the Internet more regularly is consistent with previous
research [27]. This association with age is particularly important
as treatment-seeking smokers tend to be older than those who
do not seek treatment [46], and therefore online interventions
may be particularly suitable for targeting younger smokers who
may otherwise attempt to quit unaided. In contrast, the
association between interest and dependence, motivation, and
past year quit attempts is characteristic of smokers who are more
likely to seek treatment [46-48]. It is important that any future
assessments of the real-world effectiveness of ISCIs take these
associations into account [48].

The association between interest and recent searching for online
smoking cessation information or support is intuitive. However,
it is also indicative of the potential demand for these
interventions in that smokers do not appear to be deterred nor
satisfied by what they are currently finding. The latter point is
also suggested by the contrast between the 3% of smokers who
recently searched for online smoking cessation information or
support as compared with the 0.3% who used online support
during a quit attempt in the past year.

The “digital divide” that characterizes Internet use in the wider
population is also true of smokers: smokers who use the Internet
tend to be more affluent and educated than those who do not
[36]. Therefore, the interest of smokers regardless of social
grade in the current study is an unexpected finding and suggests
the Internet may yet offer a means of equitable treatment
delivery, which is particularly important as smokers from more
deprived socioeconomic groups typically want, and try, to stop
as much as other smokers but find it more difficult [49].

A potential concern with ISCIs is that it might prevent smokers
from using face-to-face support, which is currently the most
effective delivery mode for behavioral support [5-7]. While
relatively few smokers had recently used face-to-face support
in the current study, the lack of an association between use of
this support and interest tentatively suggests the concern is
unwarranted. Instead, it is likely that Internet support would
appeal to a different subset of smokers who place more value
on convenience and confidentiality, or find other types of
support difficult to access [11]. Additionally, in other health
areas where Internet support has become routine, the two have
emerged as complementary, for example in several areas of
mental health online cognitive behavioral therapy is frequently
recommended while a patient waits for an appointment or to
help with the more automated aspects of the support [11].

Taken together, the pattern of associations provided in the
current study present a comprehensive characterization of

smokers interested in using ISCIs. This understanding is
important as access cannot primarily account for the difference
between interest in and use of these interventions; for example,
in the current study the majority of smokers had used the Internet
in the past week. It is hoped that these associations will inform
the development or modification of interventions with regards
to targeted dissemination, tailoring dimensions, choice of content
and features, navigational architecture, and language style and
complexity, and in turn help to actualize the potential of the
Internet for delivering smoking cessation interventions [50,51].

An indirect point of interest is the finding that in simple logistic
regressions, interest was associated with both measures of
dependence: Strength of Urges and HSI. However, the
association with only Strength of Urges in multiple logistic
regression is consistent with previous research showing that a
single-rating measure of urges may be a more useful measure
of dependence than those based on consumption [42].

One possible limitation is that an expression of interest during
a survey is clearly quite different from actually visiting a
program to support a quit attempt and subsequently using the
program regularly. However, the purpose of the current study
was primarily to provide an estimate of the maximum possible
reach if the support was more widely available and promoted.
One of the important findings is the huge potential in terms of
the difference between the proportion who are interested and
the percentage currently using. Additionally, establishing the
characteristics associated with interest is arguably critical to
realizing this potential and improving uptake by facilitating
effective targeting, both in terms of advertising and intervention
content, and complements research into understanding the
determinants of use among the small proportion currently using,
eg, [37-39]. Future research should aim to derive the specific
relationship between interest and subsequent uptake of ISCIs
following targeted design and promotion. Another limitation is
that the questions used to derive interest in ISCIs were framed
positively (eg, “If there were an Internet site or ‘app’ that was
proven to help with stopping smoking, how likely is it that you
would try it?”). However, even if interest is overestimated, it
is improbable that it would account for the extent of the
discrepancy between interest in and use of ISCIs, which is
highlighted by the current study. Another potential limitation
may have been to operationalize interest in ISCIs as an
expression of interest in either an Internet site or an app. While
both require the Internet and a computer for delivery, there are
also clear differences, including that only sites require regular
Internet access and only apps require ongoing access to a
handheld computer. Indeed, fewer smokers were interested in
apps as compared to Internet sites; however, similar proportions
of smokers who had regular Internet access and those with
ongoing access to handheld computers were interested in sites
and apps respectively. More importantly, in sensitivity analyses
in which smokers were characterized separately according to
interest in either sites or apps, the pattern of results was
unchanged. Together these results suggest that the current
operationalization of ISCIs for the purposes of estimating and
characterizing interest is suitable; however, experimental
research is needed to establish whether there are important
differences in efficacy according to delivery mode of either
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Internet site or app. A final limitation is potential error or bias
in the measurement of certain smoking characteristics. For
example, smokers often forget failed quit attempts, particularly
if they only lasted a short time or occurred long ago [52].
However, it is unlikely that forgetting would differ as a function
of interest in ISCIs, and quit attempts—as with all other
variables of interest in the present study—were assessed with
a validated measure.

In conclusion, almost half the smokers in England are interested
in using online smoking cessation interventions, and yet only
a small proportion of smokers currently use these interventions

to support quit attempts. Clearly, ISCIs represent an excellent
opportunity to deliver low-cost behavioral support to a large
number of smokers, which is currently not being realized.
Moreover, as interest is expressed regardless of social grade,
the Internet may also offer a means of delivering this support
equitably. Last, designers of Internet-based interventions should
be aware that potential users are likely to be younger, more
cigarette dependent, highly motivated, have attempted to quit
recently, have regular Internet and handheld computer access,
and have recently searched for smoking cessation information
and support.
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Abstract

Background: Although effective smoking cessation interventions exist, information is limited about their cost-effectiveness
and cost-utility.

Objective: To assess the cost-effectiveness and cost-utility of an Internet-based multiple computer-tailored smoking cessation
program and tailored counseling by practice nurses working in Dutch general practices compared with an Internet-based multiple
computer-tailored program only and care as usual.

Methods: The economic evaluation was embedded in a randomized controlled trial, for which 91 practice nurses recruited 414
eligible smokers. Smokers were randomized to receive multiple tailoring and counseling (n=163), multiple tailoring only (n=132),
or usual care (n=119). Self-reported cost and quality of life were assessed during a 12-month follow-up period. Prolonged
abstinence and 24-hour and 7-day point prevalence abstinence were assessed at 12-month follow-up. The trial-based economic
evaluation was conducted from a societal perspective. Uncertainty was accounted for by bootstrapping (1000 times) and sensitivity
analyses.

Results: No significant differences were found between the intervention arms with regard to baseline characteristics or effects
on abstinence, quality of life, and addiction level. However, participants in the multiple tailoring and counseling group reported
significantly more annual health care–related costs than participants in the usual care group. Cost-effectiveness analysis, using
prolonged abstinence as the outcome measure, showed that the mere multiple computer-tailored program had the highest probability
of being cost-effective. Compared with usual care, in this group €5100 had to be paid for each additional abstinent participant.
With regard to cost-utility analyses, using quality of life as the outcome measure, usual care was probably most efficient.

Conclusions: To our knowledge, this was the first study to determine the cost-effectiveness and cost-utility of an Internet-based
smoking cessation program with and without counseling by a practice nurse. Although the Internet-based multiple computer-tailored
program seemed to be the most cost-effective treatment, the cost-utility was probably highest for care as usual. However, to ease
the interpretation of cost-effectiveness results, future research should aim at identifying an acceptable cutoff point for the willingness
to pay per abstinent participant.

(J Med Internet Res 2013;15(3):e57)   doi:10.2196/jmir.2059

KEYWORDS

randomized controlled trial; economic evaluation; smoking cessation; Internet; computer-tailoring; general practice

J Med Internet Res 2013 | vol. 15 | iss. 3 | e57 | p.57http://www.jmir.org/2013/3/e57/
(page number not for citation purposes)

Smit et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:es.smit@maastrichtuniversity.nl
http://dx.doi.org/10.2196/jmir.2059
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
Smoking is the single most preventable cause of illness and
premature death in the world and is an important risk factor for
6 of the 8 leading causes of death, including several types of
cancer, cardiovascular diseases, and respiratory diseases [1].
Consequently, smoking is related to a reduced quality of life
and places a burden of €4 to €7 billion on health care [2-4].
Thus, quitting smoking is important, not only to improve
individual and population health, but also to reduce
smoking-related health care costs.

Extensive evidence exists on the clinical effectiveness of
behavioral interventions for smoking cessation [5-7]. Brief
advice from a general practitioner is one of these effective
smoking cessation interventions [8]. However, general
practitioners and practice nurses often report a lack of time and
skills to provide their patients with elaborate smoking cessation
advice [9,10]. Another behavioral intervention that has proven
to be effective in increasing smoking cessation rates up to 13
months is computer tailoring [5,7,11-16]. Computer tailoring
entails the adaption of the content of an intervention to
participants’ individual characteristics by using computer
programs [17]. Most often, a questionnaire is used as a screening
instrument [12,18,19]. The answers smokers provided on the
questions in this screening instrument are accumulated into a
large data file and are subsequently matched with relevant
feedback messages that are ultimately combined into a tailored
feedback letter. Tailored interventions are more effective in
attracting and keeping the smoker’s attention [17,20], resulting
in better processing of information [21]. A single tailored
feedback message is successful in increasing cessation rates
[15], but dynamically tailored feedback provided on multiple
occasions can be even more effective [11,12,22]. Due to the
automatic generation of the tailored feedback and the fact that
computer-tailored interventions are increasingly delivered online
[23,24], the integration of an Internet-based computer-tailored
program in the general practice setting might limit the burden
on health professionals and patients, reduce facility and
administrative costs, and could potentially be time- and
cost-saving. As a combination of effective interventions was
expected to achieve higher abstinence rates than either of the 2
alone [25], our research team has developed a smoking cessation

intervention consisting of Internet-based multiple computer
tailoring and a single tailored counseling session by a practice
nurse.

Despite the proven clinical effectiveness of behavioral smoking
cessation interventions, information about their relative
cost-effectiveness is limited. Previously, several cost-effective
smoking cessation interventions have been developed [26-28].
However, the interventions studied all involved the use of
smoking cessation medication and investigated the
cost-effectiveness of referrals to intensive counseling combined
with pharmacotherapy [27], reimbursement of smoking cessation
support [28], or the smoking cessation drug varenicline [26].
With regard to behavioral smoking cessation interventions, a
computer-based smoking cessation intervention for primary
care professionals was successful in increasing abstinence rates
and quality-adjusted life years (QALYs) among patients [29].
In addition, in response to a call in the Journal of Medical
Internet Research for research to economically evaluate eHealth
interventions [30], cost-effectiveness and cost-utility studies of
Internet-based interventions aimed at alcohol reduction [31]
and depressive symptom treatment [32,33] have been initiated.
However, to our current knowledge, no such studies have yet
been conducted concerning the cost-effectiveness and cost-utility
of an Internet-based smoking cessation intervention.

Therefore, the objective of the present study was to compare
the cost-effectiveness and cost-utility of (1) an Internet-based
multiple computer-tailored smoking cessation program
combined with a single tailored counseling session by a practice
nurses, (2) only an Internet-based multiple computer-tailored
smoking cessation program, and (3) care as usual, defined as
practice nurses’ standard care regarding smoking cessation.

Methods

Design
Economic evaluation studies aim to determine the costs and
effects associated with an intervention and to compare these
with the costs and effects of other interventions and/or current
practice [34]. They usually consist of 5 steps [35], which are
listed in Textbox 1. For a more extensive and detailed
description of each of these steps, refer to Multimedia Appendix
1.
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Textbox 1. The 5 steps in economic evaluation studies.

Step 1. Identification of relevant costs and effects

Based on a chosen perspective (eg, the health care perspective, health insurer perspective, or societal perspective), relevant costs and effects are
identified.

Step 2. Measurement of costs and effects

Costs can be assessed prospectively by means of cost diaries, or retrospectively using cost questionnaires. Effects are usually assessed in terms of
quality of life.

Step 3. Valuation of measured costs and effects

Health care and patient costs are usually valued in a monetary currency using manuals for cost analysis in health care research. Effects on quality of
life are usually valued in QALYs gained or lost.

Step 4. Calculation of a cost-effectiveness ratio

When comparing two interventions, an incremental cost-effectiveness ratio (ICER) can be calculated: ICER=(Ci–Cc)/(Ei–Ec). When comparing more
than 2 interventions, a net monetary benefit (NMB) should be calculated using the willingness to pay (WTP): NMB=(Ei–Ec)×WTP–(Ci–Cc). A
description of both formulas can be found in Multimedia Appendix 1.

Step 5. Uncertainty analysis

To deal with the sampling uncertainty bootstrap analyses can be used, whereas a sensitivity analysis can be conducted to deal with uncertainty due to
the assumptions made.

The present economic evaluation study was trial-based,
embedded in a randomized controlled trial (RCT) that tested
the effectiveness of an Internet-based multiple computer-tailored
smoking cessation program and tailoring counseling by practice
nurses. This 3-armed RCT was conducted among Dutch adult
smokers and had a follow-up period of 12 months. From May
2009 to June 2010, 91 practice nurses working in different Dutch
general practices throughout the Netherlands recruited smoking
patients for participation in the RCT. To aid recruitment, several
recruitment materials were provided (eg, desk displays, posters,
and business cards). Smokers interested in participation could
sign up for the study on the study website. There, information
was provided about the objectives of the study, the
randomization procedure, and the incentive provided when
respondents completed all questionnaires (ie, a €10 gift
voucher). When signing up, participants were able to choose
their own username and password and were informed that no
one but the research team would be able to retrieve these
passwords. After providing informed consent, participants were
randomized into 1 of the 2 intervention groups (multiple
tailoring and counseling or multiple tailoring only) or into the
usual care control group. Randomization took place at the
participant level by means of a computer software randomization
device.

The trial design was approved by the Medical Ethics Committee
of Maastricht University and the University Hospital Maastricht
(MEC 08-3-037; NL22692.068.08), and is registered with the
Dutch Trial Register (NTR1351). A more detailed description
of the study design has been published elsewhere [25].

Participants
Participants were eligible for participation if they smoked, were
motivated to quit within 6 months, were 18 years or older, and
were able to read and understand Dutch sufficiently to read
study materials and participate in the trial. Moreover, they had
to have access to the Internet. This resulted in a total of 414
eligible smokers.

The Interventions
Figure 1 presents an overview of the intervention components
in each of the study groups.

The Internet-based multiple computer-tailored smoking cessation
program was based on a previously developed single
computer-tailored intervention [12,15] for which the I-Change
model (ICM) formed the theoretical framework [36]. As was
its predecessor, the attitude-social influence-efficacy model
[37], the ICM is a theory of behavioral change which
incorporates theoretical concepts from several sociocognitive
models, including the transtheoretical model [38], the theory
of planned behavior [39], social cognitive theory [40], and the
health belief model [41]. According to the ICM, the most
proximal predictor of behavior is the intention to perform this
behavior. Intention is predicted by 3 motivational constructs,
attitude, perceived social influence, and self-efficacy, which in
turn can be predicted by several premotivational factors, such
as awareness, previous experience with the same and related
behaviors, biological factors, and sociocultural factors. To
overcome barriers that increase the well-known gap between
intention and behavior (eg, [42]), the ICM proposes ability
factors, such as an individual’s skills to refrain from smoking,
and the formation of action plans. The ICM has been used
successfully to develop several other effective computer-tailored
programs [12,15,18]. While filling out the first online
questionnaire (ie, baseline questionnaire), all participants were
asked to set a date within the next 4 weeks at which they would
attempt to quit smoking. They received a total of 4 feedback
letters: at baseline, 2 days after the quit date they had set for
themselves at baseline, after 6 weeks, and after 6 months.
Feedback was personalized and tailored to several participant
characteristics: gender, attitude, social influence and
self-efficacy, intention to quit smoking, action planning, and
smoking behavior. Feedback letters were iterative: the second,
third, and fourth feedback letters did not only concern the
participant’s present state, but also referred to changes
participants had made since they were included in the program.
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Most feedback letters consisted of 4 to 5 pages and 7
components: (1) introduction, including specific feedback on
the respondent’s smoking behavior and on his/her intention to
quit smoking and to maintain nonsmoking; (2) feedback on the
respondent’s attitude, including perceived advantages (pros)
and disadvantages (cons) about smoking and quitting smoking;
(3) feedback on perceived social influence (not) to smoke; (4)
feedback on the respondent’s reported self-efficacy to refrain
from smoking in specific situations, including suggestions on
how to cope with these situations; (5) feedback on the extent
to which respondents were planning to undertake specific actions
(action plans) while preparing their quit attempt; (6) feedback
on how to cope with situations in which it might be difficult
not to smoke (coping plans), including the formulation of
personal plans in the shape of if-then statements [28]; and (7)
ending. Participants could access their feedback letters directly
online after questionnaire completion. Additionally, feedback
letters were sent to the participant by email. In both cases,
feedback letters could be printed. An example of a tailored
feedback message is provided in Multimedia Appendix 2.

After receiving the first tailored feedback, participants in the
multiple tailoring and counseling group were prompted to
schedule a counseling meeting with their practice nurse within
6 to 8 weeks. They received this counseling session instead of
the third tailored feedback letter at the 6-week follow-up. A
counseling protocol was provided to assist practice nurses in
guiding these counseling sessions. This protocol consisted of 3
chapters guiding on 3 different types of participants: smokers
who had quit successfully, smokers who had quit but relapsed,
and smokers who had not yet quit. The content of the counseling
session was developed to be as similar as possible to the content
of the computer-tailored feedback and was also tailored to the
participant characteristics mentioned previously. After 6 months,
practice nurses were instructed to call their patients to ask them
about their progress toward permanent cessation and, if needed,
to provide them with additional cessation support.

Participants randomized in the usual care group received
smoking cessation guidance according to participating practice
nurses’ standard practice, which can vary from a brief
intervention consisting of a single recommendation to stop
smoking to more intensive interventions [43,44].

Figure 1. Overview of the intervention elements received by the 3 groups.

Measurements
Self-reported online questionnaires were used to assess both
costs and effects. Questionnaires were administered at baseline
and at 6-week, 6-month, and 12-month follow-ups. When
follow-up questionnaires were not completed by 1 week after
the invitation, an email reminder was sent. At 12-month
follow-up, this email reminder was followed by a phone call to
collect data.

Identification, Measurement, and Valuation of Costs
The present economic evaluation study was conducted from a
societal perspective. This implies that intervention costs, health
care costs, and patient costs were identified as relevant.
Intervention costs consisted of all costs that could be attributed
to the delivery of the intervention, such as hosting costs for the
Internet-based program and costs associated with counseling
sessions. Costs for the development of the intervention and
research-specific costs were excluded because these costs are
sunk costs, costs that would already be spent before the
intervention is implemented. In total, intervention costs were
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€57.70 per participant in the multiple tailoring and counseling
group and €7.70 per participant in the multiple tailoring group.
Interventions costs in the usual care group were considered zero
because no intervention materials needed to be developed for
this group. Health care costs related to general practitioners’ or
practice nurses’ (telephone) consultations or home visits (other
than the counseling session which was part of the multiple
tailoring and counseling intervention), inpatient and outpatient
specialist care, alternative medicine, mental health care,
prescribed and over-the-counter (OTC) smoking cessation
medication, hospital admissions, smoking cessation aids, and
other care (eg, paramedics consultations or professional home
care). Patient costs consisted of traveling and time lost due to
participation in the intervention. However, for primary and
secondary analyses, patient costs were not valued in monetary
costs, but considered as reflected in participants’ reported quality
of life [45].

Self-reported health care use was assessed during a 12-month
follow-up period using a 3-month retrospective costing
questionnaire that consisted of open-ended questions.
Participants indicated whether they had received each type of
care during the past 3 months, and if so, how often. The time
participants spent using the online tailoring program was tracked
by computer-registered log-in and log-out data. To assess time
spent on counseling, we used a mean time of 20 minutes for
face-to-face counseling sessions and an average of 10 minutes
for telephone consultations. Traveling time was measured based
on average travel distances to a general practitioner in the
Netherlands [45].

To valuate health care usage and patient costs, the updated Dutch
manual for cost analysis in health care research was used [45].
In general, standardized prices were used, but when no
standardized prices were available, real costs or tariffs were
used to estimate costs. In case of uncertainty, we used the lowest
price. Costs of smoking cessation medication were calculated
based on daily-defined dosage [46], including 6% Value Added
Tax, prescription charges for prescribed medication, and
clawback, a lawful discount percentage to be subtracted from
medication prices by pharmacists [46]. Prices of informal care
were based on shadow prices for unpaid work. The participants’
time spent on the program was valued by using the friction cost
approach [45]. The index year used was 2011. Because prices
in the Dutch manual for cost analysis in health care research
[45] were from the year 2009, these prices were indexed to the
year 2011. The consumer price indexes used were 105.38 for
2009 and 109.02 for 2011 [47]. A 13-month recruitment period
and a 12-month follow-up period can both be considered as
relatively short; therefore, it is unlikely that any substantial
differences in health care consumption and effects existed
between participants who were included at the beginning and
toward the end of the recruitment period. As a result, there were
no reasons to discount volumes of health care consumption or
effects.

Identification, Measurement, and Valuation of Effects
The primary outcome measure used in the cost-effectiveness
analysis (CEA) was prolonged abstinence measured at 12-month
follow-up. This was assessed by 1 item asking whether the

participant had refrained from smoking since the previous
measurement at 6-month follow-up (ie, abstinence for at least
6 months; 1=no, 2=yes). Secondary outcome measures were
7-day point prevalence abstinence assessed by 1 item asking
whether the participant had refrained from smoking during the
past 7 days (1=no, 2=yes) and addiction level measured by the
abbreviated Fagerström Test for Nicotine Dependence (FTND;
0=not addicted, 10=highly addicted) [48]. Self-reported
abstinence at 12-month follow-up was cotinine validated using
a saliva swab test [49]. Smoking abstinence was expressed in
a probability score that a smoker would be abstinent (1=not
abstinent, 2=abstinent).

The primary outcomes measure for the cost-utility analysis
(CUA) was quality of life, measured in terms of QALYs. The
valuation of effects on quality of life implies that utility scores
need to be computed. In the present study, utilities were
measured by the EuroQol EQ-5D [34,50], which is the current
recommended measure for assessing quality of life by the
National Institute for Health and Clinical Excellence [51] and
has been used in other evaluations of smoking cessation
programs [52,53] and Internet-based interventions aimed to
reduce other health-related problems [32]. The EQ-5D consists
of 5 health state dimensions (mobility, self-care, usual activity,
pain/discomfort, and anxiety/depression) on which participants
have to indicate their own health state (1=no complaints, 2=some
complaints, 3=many complaints) [50]. Utility scores assessed
at different points in time were transformed into an overall
QALY score using the area under the curve method. The area
under the curve is the duration of the health state (on the x-axis;
in our case 12 months/1 year) multiplied by the quality weight
for the health state (on the y-axis; utility scores). The resulting
QALY score represents the number of QALYs gained or lost
during the 12-month follow-up period [34]. For example,
gaining 1 QALY means that 1 year is gained in perfect health,
whereas gaining 0.8 QALY means that 1 year is gained in less
than perfect health (utility score of 0.8) or that 0.8 years are
gained in perfect health (utility score of 1).

Analyses
All analyses were conducted according to the intention-to-treat
principle. Missing data for costs, EQ-5D items, overall tobacco
consumption, and addiction level were replaced by mean
imputation by using participants’ scores on the previous and
next measurement. When mean imputation was not possible
because of missing data on multiple measurement points,
missing data were replaced using the last observation carried
forward (preferred choice) or next observation carried backward
method. Missing data for smoking abstinence were replaced
using a negative scenario; participants lost to follow-up were
considered still smoking.

Baseline Comparability of the Three Study Groups
To investigate the comparability of the 3 groups with regard to
demographics, baseline values of outcomes, and health
care–related costs over the past 3 months, 1-way analyses of
variance (ANOVA) with Tukey post hoc tests and chi-square
tests were conducted. To determine whether selective dropout
had occurred, a comparison was made between those lost to
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follow-up and those who remained in the study after 12 months
using 2-sided t tests and chi-square tests.

Annual Costs and Effects
The 3 groups were compared with regard to their mean annual
costs using nonparametric bootstrapping (5000 times) with 95%
confidence intervals in percentiles [34]. To compare the 3 groups
with regard to the mean effect assessed 12 months after baseline,
1-way ANOVA with Tukey post hoc tests and chi-square tests
were conducted.

Cost-Effectiveness and Cost-Utility Analyses
First, incremental costs and effects were calculated for each of
the 3 treatments studied. Subsequently, an incremental
cost-effectiveness ratio (ICER) was calculated to compare costs
and effects between pairs of study groups according to the
following formula: ICER=(Ci–Cc)/(Ei–Ec). In this formula, Ci

is the adjusted annual costs of the intervention group, Cc is the
adjusted annual costs of the control group, Ei is the adjusted
effects for the intervention group, and Ec is the adjusted effects
of the control group. With regard to quality of life, ICERs are
often called incremental cost-utility ratios (ICURs). However,
because ratios such as the ICER or ICUR can compare only 2
groups, to compare the 3 groups in our study a net monetary
benefit (NMB) was calculated for each of 3 treatments. The
NMB can be calculated by valuing the effectiveness and utility
outcomes in monetary values using a threshold for society’s
willingness to pay (WTP) per abstinent participant and per
QALY gained [54] according to the following formula:
(Ei–Ec)×WTP–(Ci–Cc). In the present study, we used a WTP of
€18,000 because this is an accepted Dutch cutoff point for the
WTP per QALY [55], to calculate the likelihood that each
treatment would be most likely highest in
cost-effectiveness/cost-utility.

Uncertainty Analysis
Sampling uncertainty around the estimates of cost-effectiveness
and cost-utility was taken into account by using nonparametric
bootstrap resampling techniques [34,56]. Using bootstrapping
techniques with replacement n (often 1000) times, a random
sample is drawn from the original dataset resulting in 1000
slightly different samples and thus slightly different ICERs. Of
these 1000 ICERs, the percentage can be calculated with (1)
more effects and lower costs (dominant), (2) with less effects
and lower costs, (3) with more effects and higher costs, and (4)
with less effects and higher costs (inferior).

To deal with the uncertainty of parameter estimates from the
primary analyses, a sensitivity analysis was conducted. As
described earlier, in primary analyses patient costs (ie, traveling
and time costs) were not valued in monetary costs but considered
as reflected in participants’ reported quality of life [45].
However, because patient costs can be considered directly
related to the treatment received [45], it could be argued that
these costs should be included as part of the program cost.
Therefore, we tested whether an increase in program costs as a
result of patient costs’ monetary valuation would lead to a
change in results. For the multiple tailoring and counseling
group, the inclusion of patient costs meant an increase in
program costs from €57.70 to €141.89 per participant; for the
multiple tailoring group, this meant an increase in program costs
from €7.70 to €82.24 per participant.

Bootstrap analyses were conducted using Microsoft Office Excel
2003. All other analyses were conducted using SPSS 17.0 (SPSS
Inc, Chicago, IL, USA).

Results

Sample Characteristics
Of the 414 participants who were eligible for participation, 163
were randomized into the multiple tailoring and counseling
group, 132 into the multiple tailoring group, and 119 into the
usual care group. No baseline differences were found between
the 3 groups (Table 1). After 12 months, 231 (55.8%) of the
414 participants could be followed up. Participants lost to
follow-up were significantly younger than those who remained
in the study (P=.01). Of the 46 participants who reported
prolonged abstinence at the 12-month follow-up, 30 successfully
completed a cotinine test and all cases of self-reported
abstinence were confirmed. After imputation of missing values,
total cost data were available for 370 participants (89.2%)
whereas effect data were available for 414 (100%) participants
for abstinence measures, 409 (98.8%) for addiction level, and
384 (92.8%) for QALYs.

Annual Costs and Effects
A significant difference was found between the multiple
tailoring and counseling and the usual care groups with regard
to annual health care–related costs per patient, with significantly
higher costs in the multiple tailoring and counseling group
(Table 2). No differences were found between the 3 groups with
regard to any specific type of health care–related costs (Table
2), nor regarding effects on abstinence, QALYs, or addiction
level assessed at 12-month follow-up (Table 3).
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Table 1. Comparability of the 3 groups, multiple tailoring and counseling (MTC), multiple tailoring (MT), and usual care (UC), regarding demographics,
baseline values of outcomes, and health care–related costs over the past 3 months (N=414).

Pχ2 (df)F (df)

UC

(n=119)

MT

(n=132)

MTC

(n=163)Variable

.970.03
(2,406)

48.1 (11.3)47.8 (12.5)48.1 (12.0)Age, mean (SD)

.561.2 (2)42.9 (51)41.2 (54)60 (36.8)Male, n (%)

.761.9 (2)Educational level, n (%)

24 (20.2)30 (22.9)39 (23.9)High

56 (47.1)63 (48.1)68 (41.7)Medium

39 (32.8)38 (29.0)56 (34.4)Low

Chronic diseases

.690.7 (2)18 (15.1)17 (13.0)27 (16.6)Cardiovascular diseases, n (%)

.144.0 (2)36 (30.3)44 (33.6)38 (23.3)Respiratory diseases, n (%)

.890.2 (2)7 (5.9)6 (4.6)8 (4.9)Diabetes, n (%)

.591.1 (2)8 (6.7)12 (9.2)10 (6.1)Cancer, n (%)

.321.14
(2,411)

21.5 (15.5)23.5 (23.2)20.6 (10.3)Cigarettes smoked per day, mean (SD)

.390.94
(2,406)

5.3 (2.1)5.6 (2.0)5.3 (2.2)FTNDa score (range 0-10), mean (SD)

.550.60
(2,375)

0.8 (0.2)0.8 (0.2)0.8 (0.2)Utility, mean (SD)b

.311.19
(2,369)

236.9 (474.0)286.9 (436.6)425.9 (1506.9)Health care–related costs (€), c mean (SD)

.331.11
(2,380)

49.7 (55.1)61.0 (73.2)53.2 (50.2)General practitioner

.570.57
(2,373)

87.6 (202.8)78.6 (170.9)65.4 (132.1)Medical specialist

.231.47
(2,378)

47.9 (230.8)50.9 (205.2)206.9 (1371.3)Hospital

.440.84
(2,379)

4.9 (24.2)9.4 (41.6)5.1 (25.1)Alternative healer

.760.27
(2,380)

38.2 (186.5)24.3 (100.8)30.3 (133.5)Mental health care

.102.37
(2,381)

13.6 (58.4)36.4 (95.5)26.7 (78.8)Prescribed and OTC medication

.181.73
(2,380)

1.9 (4.8)3.4 (12.6)1.7 (4.1)Medical aids and assistive devices

.860.15
(2,379)

12.5 (65.7)19.2 (166.4)26.0 (268.3)Other care

a Fagerström Test for Nicotine Dependence (0=not addicted, 10=highly addicted)
b Based on the Dutch algorithm for the EQ-5D scores.
c Costs for prior 3 months.
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Table 2. Mean annual costsa per participant in the MTC, MT, and UC groups.

95% CIbCosts per group (€)

mean (SD)b

Cost type

MTC–UCUC–MTMTC–MTUCMTMTC

Fixed costs

07.7057.70Intervention costs (n=384)

Health care–related costs

–25.4 to 61.4–105.8 to 15.5–86.1 to 32.3139 (17)180 (27)157 (14)General practitioner
(n=384)

–61.2 to 213.8–188.3 to 116.6–115.8 to 198.1224 (48)251 (62)298 (52)Medical specialist (n=374)

–17.0 to 1133.4–374.0 to 161.1–139.7 to 1054.7172 (84)267 (106)610 (288)Hospital (n=380)

–23.4 to 18.8–43.1 to 18.6–42.9 to 13.718 (9)29 (13)17 (6)Alternative healer (n=382)

–200.2 to 111.9–97.1 to 209.4–92.2 to 109.8131 (71)95 (34)106 (39)Mental health care (n=384)

–9.0 to 124.6–129.6 to 18.5–72.7 to 79.190 (23)144 (30)148 (24)Prescribed and OTC
smoking cessation medica-
tion (n=384)

–34.4 to 32.3–27.9 to 41.0–21.6 to 32.519 (14)15 (10)20 (10)Smoking cessation aids
(n=384)

–45.9 to 281.7–24.7 to 72.4–15.9 to 293.641 (22)21 (12)122 (87)Other care (n=382)

194.3-1611.8–642.2 to 139.1–95.4 to 1381.4761 (122)1016 (158)1564 (338)Overall health care–related
costs (n=370)

a Volumes and price details are available upon request.
b Based on 5000 bootstrap replications.

Table 3. Mean annual effect on smoking abstinence, QALY, and addiction level in the MTC, MT, and UC groups.

Pχ2 (df)F (df)UCMTMTCEffects

.193.4 (2)12 (10.1)20 (15.2)14 (8.6)Prolonged abstinent (n=414), n (%)

.410.89 (2,381)0.84 (0.21)0.83 (0.21)0.86 (0.15)QALY (EQ-5D)a (n=384), mean (SD)

.104.6 (2)15 (12.6)27 (20.5)20 (12.3)7 days abstinent (n=414), n (%)

.251.40 (2,406)4.81 (2.46)5.21 (2.30)4.76 (2.41)FTNDb score (n=409), mean (SD)

a Based on the Dutch algorithm for the EQ-5D scores.
b Fagerström Test for Nicotine Dependence (0=not addicted, 10=highly addicted); reversed range.

Cost-Effectiveness Analyses
Table 4 shows that for participants in the multiple tailoring and
counseling group costs were higher, whereas effects were lower
than in the usual care and multiple tailoring groups; thus,
multiple tailoring and counseling was dominated by the other

2 treatments. Comparing multiple tailoring with usual care
showed that multiple tailoring resulted in more costs, but also
in more effects. Compared with usual care, €5100 had to be
paid within the multiple tailoring group for each additional
abstinent participant (Table 4).
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Table 4. Incremental costs and effects per abstinent smoker and per QALY gained for the MTC, MT, and UC groups with a willingness-to-pay threshold
of €18,000.

Incremental costsb (€)Incremental probabilityaIncremental costs (€)Intervention

Prolonged abstinence c

UC

5100.05255MT vs UC

Dominatedd–.02806MTC vs UC

Dominatede–.07551MTC vs MT

QALY (EQ-5D) f

UC

Dominatedg–.01255MT vs UC

40,300.02806MTC vs UC

18,367.03551MTC vs MT

a Probability of being abstinent/gaining 1 QALY.
b Per abstinent participant or per QALY; calculated according to the formula ICER/ICUR=(Ci–Cc)/(Ei–Ec); additional information available in Multimedia
Appendix 1.
c Coded as 1=not abstinent and 2=abstinent.
d ICER=–40.300.
e ICER=–7.871.
f Based on the Dutch algorithm for the EQ-5D scores.
g ICUR=–25.500.

The CEA showed that until a threshold value for the WTP of
€5100 per abstinent participant, usual care was probably the
most efficient treatment. However, from a WTP of €5100 or
higher, multiple tailoring was probably most cost-effective
(Table 5). With the accepted Dutch cutoff point of €18,000 per
QALY for preventive interventions [57], multiple tailoring
would be the preferable treatment. These results are visually
displayed in the cost-effectiveness acceptability curve (CEAC),
showing the probability of each treatment being preferable to
the other 2 treatments for varying levels of the WTP per
additional abstinent participant (Figure 2). Sensitivity analyses
supported these results (Table 5).

Results from secondary analyses showed that with 7-day point
prevalence abstinence, a high probability was found (ie, 88%,
with a WTP of €18,000 per abstinent participant) that multiple
tailoring was the most cost-effective treatment. Regarding the
level of addiction, however, it was most probable that multiple
tailoring would be least efficient (Table 5).

Cost-Utility Analyses
With regard to QALYs gained, Table 4 shows that multiple
tailoring was dominated by usual care because this treatment

was both more expensive and less effective. Furthermore,
cost-utility analyses showed that multiple tailoring and
counseling was more expensive, but also more effective than
usual care and multiple tailoring in increasing the number of
QALYs gained. This resulted in an incremental cost of €40,300
per QALY gained when comparing multiple tailoring and
counseling with usual care, and in an incremental cost of
€18,367 per QALY when comparing multiple tailoring and
counseling to multiple tailoring.

With a WTP of €18,000 per abstinent participant, the CUA
showed that usual care would probably (ie, 64%) be the most
efficient treatment (Table 5). Although decreasing this threshold
value to €0 led to an increased probability that usual care would
be most efficient, increasing this threshold led to a lower
probability of usual care being most preferable. With a WTP
of almost €40,000, usual care and multiple tailoring and
counseling would be equally preferable. These results are further
illustrated in the cost-utility acceptability curve (CUAC) (Figure
3). Sensitivity analyses showed similar results (Table 5).
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Table 5. Results from cost-effectiveness and cost-utility analyses based on 1000 bootstrap replications.

Probability of highest net monetary benefita, %Group, nType of analysis

UCMTMTCUCMTMTC

Primary analysis

21780104121145Prolonged abstinencef

641818104121145QALY (EQ-5D)b

Secondary analysis

118811041211457-day ppac,f

4565096115135FTND scored

Sensitivity analysis e

24761104121145Prolonged abstinencef

661519104121145QALY (EQ-5D)b

aWith a willingness-to-pay threshold of €18,000.
bBased on the Dutch algorithm for the EQ-5D scores.
cppa: point prevalence abstinence.
dFTND: Fagerström Test for Nicotine Dependence (0=not addicted, 10=highly addicted).
eIncrease in program costs from €57.70 to €141.89 (MTC group) and from €7.70 to €82.24 (MT group) caused by the inclusion of patient costs.
fCoded as 1=not abstinent and 2=abstinent.

Figure 2. Cost-effectiveness acceptability curve for the 3 treatments studied: MTC, MT, and UC.
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Figure 3. Cost-utility acceptability curve for the 3 treatments studied: MTC, MT, and UC.

Discussion

Main Findings
To our current knowledge, this was the first study to determine
the cost-effectiveness and cost-utility of a behavioral smoking
cessation intervention consisting of Internet-based computer
tailoring with and without counseling by a practice nurse. The
results presented suggest that participants who received the
Internet-based multiple computer-tailored program and tailored
counseling by their practice nurse reported significantly more
annual health care-related costs than participants who received
care as usual. A potential explanation for this finding might be
that smokers were prompted by the tailored feedback they
received to ask for more smoking cessation guidance, eg,
additional counseling sessions with the practice nurse or a
prescription for smoking cessation medication. Although
participants who received the Internet-based program only might
have had the same tendency, the practice nurses for participants
in the multiple tailoring and counseling group might have been
prompted by their patients’ visit to offer them more smoking
cessation help. Because the current smoking cessation guidelines
in the Netherlands recommend more than 1 counseling session
[44,58], this is not unlikely. Interestingly, though the significant
difference in total health care-related costs could not be
explained by a difference in any particular type of health
care-related costs. For instance, no significant differences were
found with regard to costs spent on general practitioner or
practice nurse consultations or on the use of smoking cessation
aids.

Furthermore, the present study showed that the Internet-based
multiple computer-tailored smoking cessation program would
probably be the most cost-effective of the 3 treatments under
study. Although no similar studies yet exist within the field of
smoking cessation, this finding is in-line with findings from
recent studies toward the cost-effectiveness of Internet-based
interventions aimed at other health-related behaviors or health
problems [31,32]. Compared with current practice, the
incremental costs per abstinent participant associated with the
Internet-based multiple computer-tailored smoking cessation
program were €5100. This is slightly more than what was found
in previous studies [59,60]. However, one of these studies only
included costs directly related to the interventions received [59],
whereas we conducted our economic evaluation from a broader
societal perspective. Nevertheless, the interpretation of the
incremental costs per abstinent participant is difficult because
no information exists on the amount of money that society is
willing to pay per abstinent participant. Although a WTP of
€18,000 per QALY is an accepted Dutch cutoff point [55], no
such cutoff point exists with regard to smoking abstinence rates.
To enable the interpretation of the incremental costs per
abstinent participant, future research should aim at identifying
an acceptable cutoff point for the WTP per abstinent participant.

Regarding cost-utilities, the results suggest that care as usual
would probably be the most preferable of the treatments studied.
A potential explanation for this finding might be that the
follow-up period of 12 months was not sufficiently long for the
beneficial effects of the intervention on smoking abstinence to
be translated into detectable changes in quality of life, as recent
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ex-smokers are known to suffer from withdrawal symptoms
[61]. A potential solution would be to use short-term trial data
as input for a model predicting the effects of smoking cessation
interventions on long-term quality of life, a technique used in
several recent studies [28,29,60]. Although trial data served as
input for these models, several assumptions had to be made to
build these models, bringing about additional uncertainty in the
results presented [34, 60]. Another solution would be to lengthen
the follow-up period of clinical trials to gather longer-term data
on quality of life. Although this might imply an increased burden
on the participant, it might be needed to establish the
intervention’s cost-utility in an as certain as possible way.
However, as previous studies were able to detect a positive
association between quitting smoking and quality of life during
a 12-month follow-up period [62,63], additional explanations
for this finding need to be sought. One such explanation might
be that within Dutch general practices, care as usual for smoking
cessation is rather intensive. Anecdotal evidence suggests that
practice nurses usually offer 4 to 6 consultations as part of
smoking cessation care (unpublished). Although participants
in the multiple tailoring and multiple tailoring and counseling
groups received 4 and 3 tailored feedback letters, respectively,
a primarily Internet-based program might have been perceived
as more distant and less intense than care as usual. As a result,
participants in the usual care group might have established a
better or stronger social bond with their practice nurse than
participants in the multiple tailoring or multiple tailoring and
counseling groups. This assumed social bond [64] might
subsequently have resulted in positive effects on quality of life
among usual care participants.

Strengths and Limitations
The present study aimed to contribute to the literature by
examining the cost-effectiveness and cost-utility of an
Internet-based smoking cessation intervention, something that

has not been done before to our knowledge. In the present study,
in addition to generic quality of life, disease-specific effects of
the intervention (ie, smoking abstinence) were taken into
account. To facilitate the comparison of the cost-effectiveness
of interventions targeting different diseases, effects are usually
assessed in terms of quality of life. However, to compare
smoking cessation interventions more specifically,
disease-specific effect measures might be more informative.

Nevertheless, the present study also had its limitations. First, it
suffered from relatively high dropout rates. High rates of
attrition seem to be inherent to many Internet-based
interventions and dropout rates of 44% are not uncommon
[24,65-67]. As a consequence, however, there was not sufficient
power for us to conduct a complete-case analysis as part of the
sensitivity analyses. Secondly, because we expected higher
attrition rates in the multiple tailoring and counseling group,
slightly more participants were randomized into this intervention
group at baseline. However, attrition rates appeared to be similar
among the groups, resulting in a skewed distribution of
participants with 163 participants in the multiple tailoring and
counseling group, 132 in the multiple tailoring group, and 119
in the usual care group. Although we do not expect that this has
biased our results, this finding of no selective attrition can be
considered valuable in the design of future trials.

Conclusions
The Internet-based multiple computer-tailored program seemed
to be the most cost-effective treatment when smoking abstinence
was the outcome measure. However, the cost-utility, using
quality of life as the outcome measure, was probably the highest
with care as usual. To enable the interpretation of the
incremental costs per abstinent participant found in the
cost-effectiveness analyses, future research should aim at
identifying an acceptable cutoff point for the WTP per abstinent
participant.
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Multimedia Appendix 1
Economic evaluation studies in a nutshell.

[PDF File (Adobe PDF File), 96KB - jmir_v15i3e57_app1.pdf ]

Multimedia Appendix 2
A tailored smoking cessation advice for a respondent who reported to still be smoking at six-month follow-up and whose
self-efficacy to quit has decreased since baseline.

[PDF File (Adobe PDF File), 33KB - jmir_v15i3e57_app2.pdf ]

J Med Internet Res 2013 | vol. 15 | iss. 3 | e57 | p.68http://www.jmir.org/2013/3/e57/
(page number not for citation purposes)

Smit et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

jmir_v15i3e57_app1.pdf
jmir_v15i3e57_app1.pdf
jmir_v15i3e57_app2.pdf
jmir_v15i3e57_app2.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 3
CONSORT-EHEALTH checklist V1.6.2 [68].

[PDF File (Adobe PDF File), 998KB - jmir_v15i3e57_app3.pdf ]
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CEAC: cost-effectiveness acceptability curve
CUAC: cost-utility acceptability curve
FTND: Fagerström Test for Nicotine Dependence
ICER: incremental cost-effectiveness ratio
ICM: I-Change Model
ICUR: incremental cost-utility ratio
MTC: multiple tailoring and counseling
MT: multiple tailoring
NMB: net monetary benefit
OCT: over-the-counter
QALY: quality-adjusted life year
RCT: randomized controlled trial
UC: usual care
WTP: willingness to pay
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Abstract

Background: Raising awareness of online cognitive behavioral therapy (CBT) could benefit many people with depression, but
we do not know how purchasing online advertising compares to placing free links from relevant local websites in increasing
uptake.

Objective: To pilot a cluster randomized controlled trial (RCT) comparing purchase of Google AdWords with placing free
website links in raising awareness of online CBT resources for depression in order to better understand research design issues.

Methods: We compared two online interventions with a control without intervention. The pilot RCT had 4 arms, each with 4
British postcode areas: (A) geographically targeted AdWords, (B) adverts placed on local websites by contacting website owners
and requesting links be added, (C) both interventions, (D) control. Participants were directed to our research project website
linking to two freely available online CBT resource sites (Moodgym and Living Life To The Full (LLTTF)) and two other
depression support sites. We used data from (1) AdWords, (2) Google Analytics for our project website and for LLTTF, and (3)
research project website. We compared two outcomes: (1) numbers with depression accessing the research project website, and
then chose an onward link to one of the two CBT websites, and (2) numbers registering with LLTTF. We documented costs, and
explored intervention and assessment methods to make general recommendations to inform researchers aiming to use similar
methodologies in future studies.

Results: Trying to place local website links appeared much less cost effective than AdWords and although may prove useful
for service delivery, was not worth pursuing in the context of the current study design. Our AdWords intervention was effective
in recruiting people to the project website but our location targeting “leaked” and was not as geographically specific as claimed.
The impact on online CBT was also diluted by offering participants other choices of destinations. Measuring the impact on LLTTF
use was difficult as the total number using LLTTF was less than 5% of all users and record linkage across websites was impossible.
Confounding activity may have resulted in some increase in registrations in the control arm.

Conclusions: Practitioners should consider online advertising to increase uptake of online therapy but need to check its additional
value. A cluster RCT using location targeted adverts is feasible and this research design provides the best evidence of
cost-effectiveness. Although our British pilot study is limited to online CBT for depression, a cluster RCT with similar design
would be appropriate for other online treatments and countries and our recommendations may apply. They include ways of dealing
with possible contamination (buffer zones and AdWords techniques), confounding factors (large number of clusters), advertising
dose (in proportion to total number of users), record linkage (landing within target website), and length of study (4-6 months).

Trial Registration: clinicaltrials.gov (Registration No. NCT01469689); http://clinicaltrials.gov/ct2/show/NCT01469689
(Archived by WebCite at http://www.webcitation.org/6EtTthDOp)
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Introduction

Less than 60% of people with diagnosable depression or anxiety
seek formal help from practitioners; this represents a significant
treatment gap [1]. The remainder may access informal care,
alternative therapies, make private arrangements such as
counselling, use the voluntary sector, the Internet, or use other
sources of information. Nearly 1 in 5 British Internet users
search for information related to mental health [2], but patients
searching for health information online may not find what they
are looking for [3], possibly due to sub-optimal search strategies
[4].

There is increasing evidence that online interventions can be
effective in changing health behaviors or improving health [5].
Online cognitive behavioral therapy (CBT), is an example
offering effective self-help treatment for depression. Online
CBT is recommended by the National Institute for Health and
Clinical Excellence (NICE) in the UK for mild to moderate
depression [6]. The range of resources includes licenced (paid
for) sites such as Beating the Blues [7], and free access websites
providing access to CBT life skills resources (eg, Living Life
To The Full (LLTTF) [8] and MoodGYM [9]).

However, many patients do not benefit through lack of
awareness. We found a variation in registration to LLTTF of
15-fold between the highest (Kirkwall, Scotland) and lowest
(Wigan, England) postcode areas [10]. Variations in Internet
use by region in Britain are small; 80.3% of those in the North
East had at some time accessed the Internet compared to 87.6%
in London by 2012 [11]. Variation in the prevalence of
depression between postcode areas is small [12], and although
other packages such as MoodGym may be in use, the most likely
explanation for variation in LLTTF registration was lack of
awareness.

Raising awareness of online CBT could benefit many people
with depression by facilitating early rapid access. Ways of
addressing this include online advertising through search engines
such as Google AdWords (AdWords) [13-19], advertising on
social media sites [20], “snowballing” on social media sites
[21], getting websites of other organizations to add links
(weblinks) [22], using offline via mass media [23], or via
practitioners [24].

AdWords have been used by others to recruit participants to
studies, for example, for depression screening [25], use of
condoms [26], and quit smoking campaigns [27], but the cost
effectiveness of their use has not been assessed. Weblinks from
a range of existing sites have also been used in research studies,
often routinely as part of a “recruitment package” (eg, [22] and
LLTTF is linked from sites such as the English National Health
Service’s (NHS) website NHS Choices [28]), but we were
unaware of any study of weblinks restricted to local organization

websites in order to target recruitment on a specific local
population as required for this design.

Studies that compare recruitment methods before and after
interventions have no control group that could be described and
compared with adequately. The only rigorous way of comparing
methods of raising awareness of online therapies is by
geolocated cluster randomised controlled trials (RCT, [10]).
Matching intervention and control areas reduces the chances of
bias. If we can limit online advertising to one geographic area
and compare it with another area where there is no advertising,
we can then assume that any difference is due to the advertising.
We can therefore estimate its cost effectiveness in terms of cost
per new user. Subsequently, we can decide if it is worth using
online advertising to raise awareness, or whether other methods
would be more cost effective.

We planned to compare purchasing AdWords with the second
strategy of using weblinks and carried out a pilot RCT of the
two different recruitment interventions to check the methods
and outcome measures for a definitive trial later. In particular,
our study objectives were to explore: (1) whether or not the two
recruitment interventions seemed to work at all, and so be
worthy of further study, (2) the ability to target online Google
adverts or weblinks from other local websites without
contamination, (3) the ability to link data sources to effectively
measure the impact of the recruitment interventions, and (4) to
learn more about the likely size and impact on target CBT site
use and, given the other methodological issues such as
confounding factors, to know what sample size and dose of
advertising will be needed for future substantive studies.

Methods

Ethics and Registration
The study was approved by the NHS South West 2 Research
Ethics Committee (Reference 11/H0203/8; February 2011) and
registered on clinicaltrials.gov (Registration No.
NCT01469689).

Design
This was a pilot cluster RCT of recruitment interventions for
online CBT for depression. We compared two online recruitment
interventions with a control without intervention. The pilot RCT
had 4 arms: (A) geographically targeted paid AdWords, (B)
free adverts/weblinks placed on local websites by contacting
those website owners (weblinks), (C) both interventions
combined, (D) control. Participants were directed to a project
recruitment website linking to two freely available online CBT
sites (Moodgym and LLTTF) and two other sites (Samaritans
[29] and NHS Choices [28]). We used data from (1) AdWords,
(2) Google Analytics (Analytics) for our project website and
for LLTTF, and (3) our Online Help For Depression (OHFD)
project website. We examined 2 outcomes in the 4 arms of the
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study: (1) numbers accessing the project recruitment website
that had depression, and then chose an onward link to one of
the two CBT websites, and (2) numbers registering with LLTTF.
We documented costs and explored intervention and assessment

methods to make recommendations for a definitive trial, for
other researchers carrying out similar studies, and tentative
recommendations for practitioners and policy makers. Figure
1 shows a schematic of the design.

Figure 1. Schematic of the design showing websites and data sources (in gray).

Sampling and Randomization
All 121 postcode areas in England, Wales, and Scotland were
divided into quartiles by rate of registration on LLTTF (based
on 36,753 registrations of people between June 2008 and June
2009 who scored 8 or more on the Hospital Anxiety and
Depression Scale for either anxiety or depression) and into
quartiles by population size (based on the 2001 census). We
randomly selected 4 cells from this array, and chose 4 nearly
consecutive postcode areas for each cell (to try to achieve similar
populations), avoiding adjacent geographical areas. Each set of
4 postcode areas was randomly allocated to the 4 arms of the
trial (three interventions and control). Randomization was not
blind.

Sample
Each arm of the study had a total population ranging from 1.6
to 2 million people clustered in 4 postcode areas. In total the
study included 7 million people in 16 postcode areas across
England, Wales, and Scotland. The estimated point prevalence
for major depression among 16- to 65-year olds in the UK was
2.1%, rising to 9.8% when the less specific and broader category
of “mixed depression & anxiety” was included [30]. We used
an intermediate estimate of the prevalence of depression of 5%,
which gave an estimated target population of 350,000.

Interventions
Those paying for AdWords campaigns set up one or more
adverts, and enter keywords to help determine when the advert
is shown. AdWords displays adverts as a sponsored link, either

at the top of the list of search results or in the right hand search
results panel, depending on the phrase entered, the price offered
per advert, bids from competing adverts, and (if requested) by
estimated location of the user.

Within the 8 areas in arms A and C, we ran AdWords from

April 17th to November 30th, 2011. In the 8 areas in B and C,
we aimed to place adverts (weblinks) from local organization
websites such as local universities, general practitioner (GP)
practices, and local authorities, by contacting these organizations

via email and/or phone starting on April 17th. Arm D was a
control arm with no recruitment intervention.

Google AdWords

We used a single advert (Figure 2) from April 17th to October

19th as one campaign with a daily budget of £7.50 per day (4.4
pence per 1000 target population per day). Targeting specific
postcode areas (eg, Kingston, KT) was not an option offered
by AdWords. Options did however include targeting a radius
of 1 mile or more around a postcode district (eg, KT2) or to
hand draw a polygon to enclose the area of interest. We used a
mix of methods: 4 postcode areas were defined using circles of
1 mile radius for all postcode districts within the postcode area
and 4 were defined by hand drawn polygons. Preliminary
analysis [10] showed leakage from the target areas and an
imbalance in the number of presentations of the advert between
postcode areas. This prompted a change of strategy with 8
separate adverts for each postcode area and adverts that
mentioned the target area. Radius targeting (rather than polygon
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targeting) was used for all areas from October 19th to November

30th. The daily budget was increased to £16.10 (9.3 pence per

1000 target population per day) and divided between the 8 areas
in proportion to target population.

Figure 2. Google Advert.

We originally asked AdWords to display the advert for the
keyword of depression. AdWords suggested other similar
keyword combinations and we accepted all suggestions.
AdWords gave information on the number of times they
presented adverts against Google searches, by day, keyword,
and location. AdWords decided when to present the advert based
on the price we offered, the price of competing adverts, and
other factors such as the search terms used. Users searching on
terms such as depression and depression help were presented
with our advert, depending on our budget and competing adverts.

Local Weblinks
Google searches were used to identify organizations in 8
postcode areas (arms B and C) with websites to place adverts
(weblinks to our project website) on local free access websites.
In our search we included websites such as local GP surgeries,
local media websites including newspaper, TV, radio, further
and higher education institutions, and community-based or local
charity websites. In total, 180 emails were sent with 3 weblinks
posted free of charge: two in Leeds (university medical practice
and a carers’ organization), and one in Kirkwall (local online
community newspaper).

Project Website
Those who clicked on Google adverts or on weblinks were
directed to our project research website OHFD. This gave
information about the study and advised that completion of the
online questions implied consent for it to be used in the study
(see Multimedia Appendix 1 for screenshots). Computer Internet
Protocol (IP) addresses, dates, and times were collected via
OHFD, and also monitored by Analytics. We specifically did
not try to raise the visibility of our website to normal Google,
Yahoo, or Bing search engines. Visitors were asked for their
postcode area and to complete the Patient Health Questionnaire
(PHQ9) [31] assessing depression. Users were then offered 4
links to Moodgym, LLTTF, NHS Choices information on
depression, and Samaritans. The order in which the links to
Moodgym and LLTTF (top row) and NHS Choices and
Samaritans (bottom row) appeared was randomized within row.

Data Sources
We used various sources of data to model patient flow (Figure
1). AdWords and Analytics were used for OHFD. The website
log for OHFD recorded stated postcode areas from participants
and their website destination choice (if made). Analytics was
used for all visitors of LLTTF, identifying those referred by

OHFD and those likely to be in study arms (using Google
defined locations). Website log was used for LLTTF, including
those who registered and stated their postcode area.

Costs
We documented costs for using AdWords and other weblinks
and estimated costs per person with depression referred to the
online CBT via AdWords, based on time spent, cost £10/hour
(based on the hourly rate Plymouth University pays temporary
administrative staff) and Google’s charges. We included costs
needed for routine delivery of these methods and excluded
research costs such as time spent in the comparison of methods
or in setting up the research project website.

Outcomes
We defined 2 main outcomes and compared them between the
4 arms: (1) the numbers accessing the project research website
(OHFD) that completed a PHQ9 depression rating score and
had a score of more than 5, indicating at least mild depression,
and then chose an onward link to one of the two CBT websites,
and (2) the numbers registering with LLTTF who gave their
postcode, comparing intervention with control and all areas. In
the revised version of LLTTF (issued in January 2011) used in
this study, new arrivals at LLTTF do not have to immediately
register, instead, registration can be delayed. Registration, by
giving more personal details and agreeing to email reminders,
signifies a commitment to use the site seriously. In the previous
version of LLTTF used to select the sample, most visitors to
the site registered as they could not access most content until
after registration.

User Panel
We carried out this study at a time when the Improved Access
to Psychological Therapies (IAPT) project [32] was investing
large amounts of money to improve access to psychological
therapies across England. To try to identify other local initiatives
and how these may have affected our sample and interventions,
we aimed to recruit a panel of informants in our study areas.
We emailed five ex-users of LLTTF from each of the 16 areas
(ie, total 80), and also tried to contact them via IAPT teams.
Panel members were to be paid £30 at the end of the study by
e-vouchers.
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Results

Did the Two Interventions Work at All?
Examining the number of people clicking through from online
adverts to OHFD to online CBT (Figure 3), we saw that our
OHFD research site had a total of 8231 visits, the majority (97%,
7980/8231) from Google adverts and only 1% (103/8231) from
weblinks. Half of those who visited OHFD (50%, 4118/8231)
interacted with the site and 76% (3135/4118) made a choice of
destination from the 4 available sites, three-quarters of whom
(77%, 2403/3135) chose the online CBT. Although 96%
(2306/2403) had depression (according to the PHQ9 score >5),
only 515/2306 (22%) were from the study target areas (Table
1).

Table 1 shows that the rates of referral to online CBT for
AdWords arms A and C were higher than the weblinks only
arm B (450 and 387 vs 93, respectively, per 100,000) and much
higher than the control arm (D) (28 per 100,000). These results
were confirmed by fitting a Poisson generalized linear model
with the R software [33], with predictors for the use of
AdWords, weblinks, and an interaction term for both. This
produced a 95% confidence interval for rates relative to control
of (10.2 and 27.4, respectively) when using Google adverts.
The rate relative to control for weblinks was (2.0 and 6.0,
respectively) and there was little to be gained from using both,
given an interaction between AdWords and weblinks with rate
relative to baseline of (0.1, 0.5). The majority of those choosing
online CBT chose LLTTF (66%, 1581/2403) and the difference
between arms A/C and B/D was still evident (Table 1).

Was it Possible to Link Data to Measure Outcome
Two?
It proved impossible to directly track individuals from OHFD
to LLTTF using IP address and time data, therefore the impact
of the interventions on LLTTF had to be assessed using
Analytics and LLTTF website data. Analytics reported 1474

visits landing on LLTTF from OHFD, agreeing approximately
with the 1581 referred by OHFD, although the 7% attrition is
unexplained (Figure 3). During the period of study, according
to Analytics, the majority of the 230,441 visits to LLTTF were
from normal search (41%, 93,983/230,441) or direct (37%,
85,000/230,441), with 22% (51,406/230,441) from referring
sites. In total, there were 1888 sites from which there were
51,406 visits. Of the referring sites, OHFD was the seventh
largest referrer with 1474 but representing just 2.9%
(1474/51,406) of referrals and less than 1% (1474/230,441) of
all visits. The Royal College of Psychiatrists sent most referrals
(5071/51,406, 9.9%), but this still represented only 2.2%
(5071/230,441) of all visits.

We know from Analytics that the bounce rate (ie, those who
exited from the first page) for visits from OHFD was 47% (no
different to the average bounce rate from referred visits of 49%).
This suggests that those arriving from OHFD were not more or
less likely to continue and to subsequently register. We can see
from the difference between arrivals on the site (14,396 from
Analytics) and registrations (1143 from LLTTF log data) from
the study arms that 10% (1067/10569) of all visitors registered
on the current version of LLTTF.

Table 1 shows that the 95% confidence intervals of rate of
registration on LLTTF (outcome 2) overlap between all 4 arms,
in other words there was no significant difference between the
interventions or control. Although none of the differences for
individual postcode areas was significant, registration rates for
most (11/16, 69%) postcodes tended to decline from
January-April to April-November. Of the more populous
postcode areas, Liverpool (arm A) showed the greatest increase
(360 to 489, 26% increase) but this was still not significant and
Nottingham (in the control arm D) had a 6% increase. Two of
the small Scottish island postcode areas may have increased but
their populations are small, the confidence intervals on estimates
are large, and the impact on the whole arm small.
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Figure 3. Participant flow diagram showing overall recruitment and different data sources (April 17th - November 30th 2011). Shaded boxes show
numbers for the two outcomes.

J Med Internet Res 2013 | vol. 15 | iss. 3 | e45 | p.78http://www.jmir.org/2013/3/e45/
(page number not for citation purposes)

Jones et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Number of people on OHFD with depression (PHQ>5) choosing online CBT and LLTTF, registering on LLTTF, annual rate per 100,000
estimated depressed registering on LLTTF before and during interventions, by postcode area, and trial arm.

Outcome 2

People registering on LLTTF before the intervention (Jan-Apr 2011)
and during the intervention (Apr-Nov 2011)

Outcome 1

People on OHFD with depression choosing on-
line CBT and LLTTF

Intervention period

Apr-Nov 2011

Before intervention

Jan-Apr 2011

Intervention period

Apr-Nov 2011

Annual rate per
100,000 depressed

(95% CI)

Rega

LLTTF

Annual rate per
100,000 depressed

(95% CI)

Rega

LLTTF

People with
depression
who chose
LLTTF

Annual rate per
100,000

depressed

(95% CI)

People
with

depression
who chose
online
CBT

Estimate of
people with

depression

Arm A

489

(405-574)

129360

(246-475)

38111588

(495-681)

15542,173Liverpool

(L)

608

(485-731)

94955

(711-1198)

5934317

(228-406)

4924,721Redhill

(RH)

717

(552-881)

731080

(761-1399)

4427412

(288-537)

4216,299Lancaster

(LA)

960

(662-1257)

401140

(627-1652)

196168

(44-292)

76668Harrogate

(HG)

598

(534-662)

336712

(602-823)

160178450

(395-506)

25389,860Total

Arm B

742

(631-853)

171749

(572-925)

6916104

(62-146)

2436,867Leeds

(LS)

843

(698-988)

130892

(656-1128)

55878

(34-122)

1224,660Southend

(SS)

559

(417-702)

59521

(303-739)

22695

(36-154)

1016,882Slough

(SL)

1916

(1230-2602)

302715

(1424-4005)

17064

(-61-189)

12505Kirkwall

(KW)

771

(695-848)

390806

(682-929)

1633093

(66-120)

4780,914Total

Arm C

694

(590-799)

170878

(693-1064)

8677425

(343-506)

10439,167London

(SW)

490

(379-601)

75588

(396-780)

3650470

(362-579)

7224,505Kingston

(KT)

731

(569-893)

78867

(588-1146)

3715197

(113-281)

2117,074Darlington

(DL)

2620

(1409-3830)

181819

(225-3414)

51146

(-140-131)

11099Shetland

(ZE)

667

(596-737)

341802

(679-924)

164143387

(333-441)

19881,846Total

Arm D

806

(710-902)

272755

(609-902)

102830

(11-48)

1054,012Nottingham

(NG)
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Outcome 2

People registering on LLTTF before the intervention (Jan-Apr 2011)
and during the intervention (Apr-Nov 2011)

Outcome 1

People on OHFD with depression choosing on-
line CBT and LLTTF

Intervention period

Apr-Nov 2011

Before intervention

Jan-Apr 2011

Intervention period

Apr-Nov 2011

Annual rate per
100,000 depressed

(95% CI)

Rega

LLTTF

Annual rate per
100,000 depressed

(95% CI)

Rega

LLTTF

People with
depression
who chose
LLTTF

Annual rate per
100,000

depressed

(95% CI)

People
with

depression
who chose
online
CBT

Estimate of
people with

depression

498

(380-615)

69757

(528-986)

42122

(-3-46)

322,190Oldham

(OL)

451

(333-567)

56604

(388-820)

30432

(1-64)

419,882Dudley

(DY)

1811

(895-2728)

151207

(24-2391)

400

(0-0)

01325Hebrides

(HS)

677

(611-742)

412731

(624-838)

1781328

(15-41)

1797,409Total

676

(642-711)

1479760

(702-818)

665364235

(215-256)

51535,0028Study total

760

(746-773)

11894897

(873-920)

56131130114

(119-120)

179125,04345Other areas

750

(737-762)

13,373880

(858-902)

62781581b129

(124-135)

230628,54373E, W, and S

aregistrations
b1581 includes 87 who gave no postcode on OHFD, but all other indications (eg, IP address) show that they were England (E), Wales (W), or Scotland
(S).

Validity Check on Location
As a validity check on location, we carried out an alternative
analysis on those registering on LLTTF using the Analytics
location data instead of user stated postcodes. The two
approaches showed agreement.

Possible Confounding Factors
According to Analytics, the biggest increase in “landings” on
LLTTF was seen in one of the control areas, Nottingham. Figure
4 (middle panel) suggests that there may have been a “step
change” for Nottingham in October 2011. Overall, the numbers
visiting LLTTF were largely unchanged over the study period
(apart from the very regular weekly cycle of visits with fewer
during weekends, Figure 4 bottom panel).

Size of the Impact on LLTTF
Ignoring the stated locations of those clicking through to
LLTTF, we see that 1581 clicked through to LLTTF in the study

period (Figure 3). In the study period, the 3 intervention arms
had 10,569 visits (estimated from Analytics) but only 1067
people registered, that is, with the current method of counting
registration, only 10% of visitors to LLTTF registered. So if
we estimated that, overall,10% of those referred from OHFD
registered, we can see that the numbers referred from OHFD
(for example, 17 in Arm A, Figure 5) were likely too small to
greatly influence the total numbers registering in each of the
trial arms (Figure 5, outcome 2-people registering on LLTTF).
As we were unable to link individual participants from the
project website (OHFD) to LLTTF, we could only tell if there
had been an impact on the number of people registering on
LLTTF if it was of sufficient size. If it had been possible to
follow through individual participants from clicking on an advert
to registering on LLTTF, having an impact on the total number
registering from each area would have been less important.
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Figure 4. Number of visits to LLTTF according to Google Analytics. Top graph shows Liverpool, middle Nottingham, and the bottom graph shows
ALL UK visits between January and November 2011.

Leakage
Just under 8000 (7980/8231, 97%, Figure 3) visits to OHFD
came from Google adverts, of which 4118/7980 (52%) interacted
with OHFD, 3135/4118 made a destination choice, but only
515/3135 (16%) were from study arms with PHQ9 >5 who
chose either Moodgym or LLTTF. Of these, only 387/4118
(9.3% of those who interacted with OHFD) chose LLTTF. Of
those choosing LLTTF, probably only 10% registered, ie, less
than 0.5% of those who clicked on the advert were likely to
have registered on LLTTF. The biggest sources of “leakage”
were from the location targeting [10] and from participants not
engaging fully on LLTTF. The leakage however did not lead
to much contamination of control areas. Failing to continue with

the OHFD website and being lost to other or no Web destination
also caused substantial leakage.

Cost
All 3 weblinks were for locations in arm B. Arm C therefore
was effectively another AdWords arm. The total cost of the
AdWords campaign in payments to Google was £1841. From

April 17th to October 19th, we set a daily budget of £7.50 (4.4
pence per 1000 population) and had one campaign in which all
8 areas were included. As we described elsewhere [10], there
was a disproportionate spending on AdWords for London SW.
To counter this and to better understand the responses in each

area, on October 19th, a new campaign in which each postcode
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area had its own budget was started. For the remaining 6 weeks,
we increased the daily budget to £16.10 (9.4 pence per 1000
population), and divided this in proportion to the target
population in each area (but giving a minimum budget of 60
pence for Shetland). Table 2 shows that the average number of
clicks per day in the last 60 days was 29.3 (1759/60) compared
to 34.2 (6291/184) in the first 184 days. This method (restricting
the spending on London SW) also resulted in a higher cost/click
overall, although we had noted in the first period that it takes
AdWords 3-4 weeks to gain the optimum return on advertising
spending after starting a new campaign.

We estimated that the time spent simply adjusting the AdWords
campaign, as opposed to time spent on Analytics trying to match
with other data, was 25 hours. At £10/hour, the total cost of the
AdWords campaign was £2091 (£1841+£250). If we assume
that both arms A and C were AdWords, this represents £4.64
per person for the 451 people who chose online CBT and had
a PHQ9 >5 in arms A and C (the target group, Figure 5). Seventy
hours were spent trying to contact owners of local websites to
set weblinks, which if set at £10/hour, gives a total cost of £700
for arm B. This represents £14.89 per person for the 47 people
in arm B (Figure 5).

Figure 5. Participant flow diagram showing randomization to the 4 arms of the study.
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Table 2. Payments to Google for AdWords campaign.

Cost per clickCostClicksAverage daily spendMaximum daily

budget

Area

April 17th -October 19th (184 days) 2011 single campaign

£0.21£1,301.046291£7.07£7.50All

8 individual campaigns by area October 20th-November 30th (60 days)

£0.39£142.45365£2.37£3.84Liverpool

£0.17£148.83886£2.48£3.56London SW

£0.39£71.65182£1.19£2.24Redhill

£0.49£85.99174£1.43£2.22Kingston

£0.69£45.7266£0.76£1.56Darlington

£0.63£40.6164£0.68£1.48Lancaster

£0.22£4.6021£0.08£0.60Harrogate

£0.29£0.291£0.00£0.60Shetland

£0.31£540.141759£9.00£16.10Total

User Panel
In total, we were able to recruit 12 panel members and all arms,
but not all postcode areas, of the study were represented by
either an ex-user of LLTTF or a member of an IAPT team. No
other local interventions were identified via the user panel but
the panel was able to help in examining the search environment
across Britain [34].

Discussion

Need for the Study
McCrone estimated the number of people with depression in
England as 1.24 million (2.3%) with total cost of services at
£1.7 billion while lost employment increased this total to £7.5
billion [35]. Others estimated that a third of people with
depression are not in contact with services [36]. Online CBT
has a significantly small-to-medium effect size compared to
non-active controls for patients with a range of severity of
depressive symptoms and was recommended by NICE for mild
to moderate depression [6]. There is virtually no extra cost in
additional people using online CBT websites such as LLTTF
but there was evidence that many people with depression who
might benefit from using online CBT were missing the
opportunity of effective treatment simply through lack of
awareness. By raising awareness of its availability directly to
depressed people, we could reduce inequalities in access to this
treatment.

Various ways of raising awareness of websites are available
including online advertising and weblinks. We did not know if
online adverts such as AdWords would be more or less effective
than weblinks. These methods may simply attract the same
people that would in any case have found online CBT. As a
pilot study, we were looking at the feasibility of being able to
answer these questions and what study design would enable us
to do so.

Which Interventions Seemed to Work?
We have found that using AdWords is possibly going to be cost
effective, whereas trying to get weblinks is not worth pursuing
further in this locality based research study design. We only
managed to put 3 weblinks in place. Scaling up the AdWords
campaign would incur further advertising but no further labour
costs (so the unit price gradually decreases), whereas scaling
up the weblinks campaign would be proportional to the labour
costs. Establishing weblinks therefore appears much less cost
effective than AdWords and is not worth pursuing as a sole
intervention in this study design.

However, the ability to establish weblinks may be significantly
easier for local organizations trying to offer local services. In
our study, we chose areas remote from the research team, and
there were no prior local relationships on which to build. Being
locally situated and delivering local services to local people
might significantly affect the ease of establishing local websites.
Others have used weblinks to successfully recruit as part of their
recruitment package. For example, 91% (174/191) of
participants in a trial of online treatment for chronic headache
learned of the study from weblinks (both mutual and paid for)
on websites, registration with major search engines, and notices
posted to headache-related news groups, but the authors did not
compare these methods and the study was global [22]. Overall
1 in 5 come to LLTTF from a weblink and various national
website including NHS Choices and Royal College of
Psychiatrists already have links to online CBT [34] and other
nationwide charity websites may be willing to include weblinks.
However, pursuing local websites such as primary care health
centres to fit with this geo-targeted research design did not seem
cost-effective. Nevertheless, this should not be discounted as
an option for practitioners where it is known that weblinks can
be put in place with little effort.
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Design Issues to be Addressed in a Definitive Trial

Overview
AdWords were effective in recruiting people to the project
website but our pilot study identified a number of issues for
our, and similar, cluster RCTs. The main problems were leakage
so that its effect was greatly diluted, problems in linking data
across websites so that the impact of advertising was lost in the
large numbers using LLTTF, and possible confounding factors.
The dose of advertising (particularly given the “record linkage”
problem) and length of study also need to be considered. The
changes that would be needed to the design of a definitive trial
are discussed below. These findings will be relevant to others
seeking to improve the uptake of online interventions or
designing online cluster RCTs.

Leakage
There was leakage at 3 points in the process. First, we have
shown elsewhere [10] that there was leakage from the target
areas, particularly into neighbouring areas. This was partly due
to the methods used and could be improved by using an area
that is within the radius of set distance around a point rather
than hand-drawn polygons, use of more appropriate radius, and
avoidance of the area “edge”. Second, there was leakage caused
by offering too many choices of destination to participants. We
had included both MoodGym and LLTTF as the two main free
online CBT sites as it was thought that there might be
geographic variation in choice of online CBT. For ethical
reasons we added Samaritans as another option, and added NHS
Choices to create a balanced (even) number of options. As a
result, only 50% of those making a choice chose LLTTF. As
we did not have access to Moodgym log data, we were only
able to follow participants to the point of choosing online CBT,
and the impact on one of those sites (LLTTF). Third, with the
current system of registration on LLTTF, only 10% of those
accessing LLTTF decided to register and enter demographic
data including their postcode (LLTTF allowed people to use
the website without registering; registering offered further
features such as email reminders).

To decide whether a definitive trial will be feasible, we modelled
the effect of reduced leakage. By taking 50% of the number lost
on the project website before making a destination choice, by
routing all participants to LLTTF, and by reducing losses from
location targeting from 76% to 20%, we would reduce the
leakage from 94% to 47%.

Record Linkage and Insufficient Dose
We were not able to track individuals from OHFD to LLTTF
and therefore could only use the overall data to try to estimate
outcome 2, the number of people registering with LLTTF.
Although outcome 1 showed significant differences between
intervention and controls, to be able to measure a difference,
the number referred from AdWords needed to be sufficiently
larger compared to the total number that registered on LLTTF.
The number of people with depression referred from OHFD to
LLTTF was 4.7% (498/10569) of all users of LLTTF in study
arms. If, as above, leakage was reduced to 47% the number
referred by OHFD would still only be 10% of all those landing
on LLTTF. To be certain that an impact of AdWords can be

seen, the dose of advertising also needs to be increased.
Although we doubled the daily budget to 9.3 pence per 1000
target population for the last two months of this pilot study, the
number of clicks was slightly less than in the first period,
probably due to breaking the advertising into 8 separate
campaigns and AdWords not having had time “to settle”. The
effectiveness of the AdWords advertising budget depends on
competing adverts, and is likely to be less cost effective as the
daily budget is increased. As shown in Table 2, the average
daily spend was short of the maximum budget so it is not clear
if an increase in daily budget would be spent or would increase
the number of clicks, but a further doubling of the advertising
budget would be worth trying.

Confounding Factors
A major contributing factor to the lack of impact on outcome
2 was the increase in uptake of LLTTF in one of the control
areas (Nottingham), possibly as a result of a presentation given
to practitioners by one of the authors (CW) to a national
conference that overlapped with a surge of use. Although it was
not a blinded region selection, day-to-day management of the
study was conducted by RJ. We recognized in designing the
pilot study that random interventions or effects from other
influences, such as local campaigns, could impact on
intervention or control areas. For that reason, we had attempted
to monitor all areas via the user panel. This pilot study suggested
that, to avoid an overdue influence of one postcode area
(cluster), each arm needs many more than 4 clusters. As we had
designed the pilot study with 2 types of interventions and 4
arms, we only used 16 out of 120 postcode areas for our study.

A more robust approach would be to use all postcode areas in
Britain, excluding London postcodes, ordered by population
size only, randomized in pairs to two arms, excluding any
adjacent postcode areas as buffer zones around study areas.
Using this method produces a two-arm study with 32 postcode
areas (see Multimedia Appendix 2) and population of
approximately 10 million in each arm. One arm would then be
randomized to the intervention and one to the control group.
The largest postcode area in one arm (Birmingham) still
represents 17% of the total arm, so there is still some danger
that other activity might lead to confounding factors, however
this is much reduced from the design we used in this pilot where
Nottingham represented 55% of the control arm population.
This sample (Multimedia Appendix 2) of postcode areas could
be adopted for other studies in Britain.

Other Changes to Improve the Design of the Definitive
Trial

Length of the Study
We paid for over 8 months of advertising but the recruitment
numbers stabilized after a few months and we did not change
the advert for 6 of the 8 months. On the other hand, it takes 2-3
months for AdWords to reach peak efficiency. With reduced
leakage, a bigger sample, and an increased daily budget on
advertising, the cost of a definitive study could probably be
reduced by examining changes over 6 months.
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Need for Better Methods of Assessing Location
Assessing location is subject to error. Previously [10], we have
given a detailed comparison of user-reported versus methods
based on IP address including using IP lookup tables and
Analytics. The method we used to ask participants for their
postcode area on our project website (OHFD) was probably the
most accurate. We had hoped to be able to use IP addresses and
the time of referral from OHFD to LLTTF to track individuals
and so to estimate rates of completion of these “additional”
registrants with other registrants. However, the changes to
LLTTF registration procedures and the difficulties of trying to
match IPs from one website to another using time of day made
this impractical. LLTTF currently ask participants for their full
postcode which probably deters some from giving any
information and may encourage falsification or error. We have
recommended changes to data collection methods in LLTTF,
asking for postcode area from a drop down list. Analytics
location information would be more useful if the area associated
with a town name was transparent to users, and if it could be
aligned with population figures. We have tried to suggest to
Google that their geography should be changed. In the
meantime, the geography used by Google for London and
immediate surroundings suggest that, to have more accurate
location data in a study, London should be excluded.

Finding a Period of Website Stability
Studies that aim to change Internet use will be limited by
frequent changes to websites and other technical advances. In
our case, even though CW was the author of LLTTF, changes
underway to the LLTTF website could not be postponed for
this study. Our sample was selected based on data extracted
from LLTTF between the years 2008 and 2009 when most users
of the site registered. In January 2011, after our study had been
designed and ethical approval had been sought, LLTTF was
reconfigured such that registration was optional and could be
done at a later time. As a result, the number of people that
registered greatly reduced. This meant that registration figures
were no longer directly comparable with those collected earlier.
Although we were able to compare the relative differences
between regions in 2009 with 2011, by creating an index of use
based on the lowest use region, we restricted direct comparison
(ie, the “before” period) to January- April 2011.

Demographics
Graham [18] found that online advertising could be an effective
and cost-efficient strategy to reach and engage Spanish-speaking
Latino smokers in an evidence-based Internet cessation program.
She concluded that cultural targeting and smoking-relevant
images might be important factors for banner advertisement
design. In this pilot we did not collect demographic details.
These were collected by the target LLTTF website as part of
registration and we hope to achieve better record linkage in the
future.

Sample Selection
In this pilot study we selected our sample trying to match for
the populations of postcode areas and the baseline registration
rates on LLTTF. Although it would be important not to have a
grossly imbalanced sample, the need for a greater number of

postcode areas (as described above) while ensuring geographical
dispersion to avoid contamination would seem to be more
important in the design.

Comparison Against Other Methods
Although various online methods exist to raise awareness, the
problem of being able to select sample areas allowing for the
competing demands of contamination and confounding factors
suggest that having a factorial design with more than one
recruitment intervention would be difficult. On the other hand,
for practitioners seeking to increase recruitment using a mix of
all possible methods, more than one recruitment intervention
would seem to be sensible.

Conclusions for Practitioners and Policy Makers
Our pilot study confirms other research that many people search
online for help with mental health issues [2] such as depression;
our advert was displayed 673,074 times in just over 7 months
for a total targeted population of 3.5 million. Anecdotally, in
discussing this research, many practitioners responded by saying
“I never click on adverts” but our pilot has shown that nearly
8000 people clicked on our short advert for NHS recommended
sites and many of these were depressed, according to their
answers on a self-completed questionnaire.

In discussing this research with NHS policy makers, the
response to advertising, perhaps in the light of previous
criticisms of their expenditure, was that NHS websites have
been optimized and therefore appear high in search results, so
there is no need for online advertising. This may be true but our
exploration of this [34] suggested that even though online CBT
sites can eventually be found via NHS and Royal College of
Psychiatrists websites that tended to appear high in search
results, the probability was low, and was significantly increased
for a naïve user by the addition of an advert. That evidence
however was theoretical and the only way of knowing for sure
about the cost-effectiveness of online advertising was to study
it in a location targeted RCT.

Although the results of the weblinks in this pilot study was not
as expected and will be excluded from this research design
(unless a better method of placing local weblinks can be found),
it would be wrong to conclude that weblinks are not relevant
for practitioners and policy makers. The problem may be that
the type of site containing relevant links tends to be either
national (inappropriate for a location targeted clusters RCT) or
very local (researchers likely do not have prior knowledge about
existence of these sites). Practitioners and policy makers may
therefore have to rely on weaker evidence from before/after
studies of cost and impact to decide on how much effort they
put into using weblinks.

Part of the reason why LLTTF had greater use in Scotland
compared to other parts of Britain is that professionals in those
areas were more aware of the existence of these sites and
recommended use of these sites to patients. The role of
professionals in recommending online CBT may also have
explained the confounding results seen in one area in the control
group. So it may be that continuing professional development
and raising awareness among professionals about resources for
depression may be as, or more effective, than direct-to-patient
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online interventions. However only one third of patients were
in contact with health services and other studies have shown
that trying to reach patients to tell them about online resources
may be labour intensive, time consuming, and very expensive
[24]. Further research is needed to compare the
cost-effectiveness of improving access via professionals versus
direct to patient methods, but in the meantime, practitioners and
policy makers should keep online advertising as an option.

Conclusions for Researchers

Overall Conclusions
A cluster geo-located RCT to test the cost-effectiveness of online
advertising seems feasible in Britain. Geolocated adverts are
offered by Google in other countries based on a radius around
a point, so the general design of a cluster RCT to test the cost
effectiveness of online advertising in raising awareness of an
online therapy, as piloted in this study, would seem to hold true
for other countries and for other online therapies or websites.
However, this pilot study has demonstrated 4 general messages
concerning contamination, confounding, dose of advertising,
and length of study that will be useful for other researchers.

Contamination
Provided it is possible to have a sufficiently large buffer zone
between intervention and control regions, it should be possible
to deal with potential contamination. The definition of
sufficiently large is vague and needs to be piloted in each
country, but in Britain, we think a 2-arm trial with 16 postcode
areas in each should be possible without too much
contamination. The problems of including London in Britain
were described in more detail elsewhere [10]. It seems likely
that similar studies in other countries may need to exclude the
capital or major centres for Internet providers. We have also
previously described other design issues with using AdWords
including the need for separate campaigns for each postcode
area [10].

Confounding Factors
Ideally, such a trial would have a large number of clusters in
each arm such that any one region is kept to approximately 5%
of the total population in the arm. That would mean that any
confounding activity such as local media campaigns would not
influence the arm greatly. However, dealing with confounding
factors conflicts, to some degree, with the relatively small and
densely populated country like Britain. In our proposed best
design for Britain, trying to keep contamination to a minimum
at the postcode area level, our design of 2-arms of 16 postcode
areas each, still included a city representing 17% of that arm.
This was slightly risky for introducing confounding factors but
was the best we could do. In a bigger country such as the United
States, it should be possible to have a stronger design. In a
smaller, densely populated country such as the Netherlands,
this study design may be impossible.

Dose of Advertising
We recommend that in such a design, adverts are linked to a
special “landing page” within the target site. This allows those
following the link to track their use of the target site. We had
used an intermediate project website in this pilot because we

were offering 2 online CBT sites and 2 other sites. This gave
us considerable problems in trying to track participants from
the advert to the project website to the target website, and in
trying to match up the different data sets available from
AdWords, Analytics, and website logs. Having a landing page
within the target website should remove most problems but it
would still help in the design if the dose of advertising, and so
the expected “footfall” from advertising was substantial
compared to the number arriving from other sources. In this
pilot, with a limited advertising budget, although we had
significant numbers arriving at our project website, the problem
of leakage meant that the number of people finding the target
website compared to the numbers finding it from a normal
search, national weblinks, or direct entry were small. Any study
with this type of design should pay greater attention to the total
footfall on the target website and try to calculate the dose of
advertising needed to have a demonstrable impact.

Length of Study
The cost of advertising in such a trial will be partly determined
by how long the campaign is run. We ran our pilot for 7.5
months. Although it did take several weeks for our campaign
to stabilize and for AdWords to get the best return and cost per
click, a campaign of 4-6 months should be sufficient for this
type of study where the total number clicking is in the range of
300-500 people. The best design (as described above) is to have
a larger dose of advertising over a shorter period rather than a
small dose over a longer period.

Limitations
We cannot be sure how the findings of this study would translate
to other countries and there is no guarantee that location
targeting of online advertising will continue to be available in
this form. Increasing use of mobile phones may change the way
location targeted adverts work. AdWords is of course not the
only way of local advertising online and a definitive trial might
consider use of advertising solutions from Microsoft, Facebook,
LinkedIn, and others. Facebook, for example, offers location
targeting and would also be worth exploring in this way.

Our study was limited by the difficulties of trying to match
different data sources. Different sources from Google (AdWords
and Analytics) do not exactly match due to different ways of
collecting the data. Other issues, because of the anonymity of
the data, include whether visitors are unique individuals. For
example, although Analytics may claim to report unique visitors,
we cannot verify that claim and it would be impossible for
Analytics to differentiate between two individuals using the
same computer (IP address) and one person with two emails
using the same computer. LLTTF only collects emails of those
who register. It is likely, therefore, that all sources overestimate
the number of unique individuals. However, although numbers
from different sources do not match exactly, the overall picture
seems consistent and reasonably robust.

Overall Conclusion
This pilot study has shown that a definitive cluster trial of
AdWords is worthwhile, and that this type of design could be
used to assess other online recruitment interventions.
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Abstract

Background: Participant engagement influences treatment effectiveness, but it is unknown which intervention design features
increase treatment engagement for online smoking cessation programs.

Objective: We explored the effects of 4 design features (ie, factors) on early engagement with an Internet-based, motivational
smoking cessation program.

Methods: Smokers (N=1865) were recruited from a large health care organization to participate in an online intervention study,
regardless of their interest in quitting smoking. The program was intended to answer smokers’ questions about quitting in an
effort to motivate and support cessation. Consistent with the screening phase in the multiphase optimization strategy (MOST),
we used a 2-level, full-factorial design. Each person was randomized to 1 of 2 levels of each factor, including message tone
(prescriptive vs motivational), navigation autonomy (dictated vs not), proactive email reminders (yes vs no), and inclusion of
personally tailored testimonials (yes vs no). The effects of each factor level on program engagement during the first 2 months of
enrollment were compared, including number of visits to the website resulting in intervention content views (as opposed to
supplemental content views), number of intervention content areas viewed, number of intervention content pages viewed, and
duration of time spent viewing this content, as applicable to each factor.

Results: Adjusting for baseline readiness to quit, persons who received content written in a prescriptive tone made the same
number of visits to the website as persons receiving content in a motivational tone, but viewed 1.17 times as many content areas
(95% CI 1.08-1.28; P<.001) and 1.15 times as many pages (95% CI 1.04-1.28; P=.009). Time spent viewing materials did not
differ among groups (P=.06). Persons required to view content in a dictated order based on their initial readiness to quit made
the same number of visits as people able to freely navigate the site, but viewed fewer content areas (ratio of means 0.80, 95% CI
0.74-0.87; P<.001), 1.17 times as many pages (95% CI 1.06-1.31; P=.003), and spent 1.37 times more minutes online (95% CI
1.17-1.59; P<.001). Persons receiving proactive email reminders made 1.20 times as many visits (95% CI 1.09-1.33; P<.001),
viewed a similar number of content areas as persons receiving no reminders, viewed 1.58 times as many pages (95% CI 1.48-1.68;
P<.001), and spent 1.51 times as many minutes online (95% CI 1.29-1.77; P<.001) as those who did not receive proactive emails.
Tailored testimonials did not significantly affect engagement.

Conclusions: Using a prescriptive message tone, dictating content viewing order, and sending reminder emails each resulted
in greater program engagement relative to the contrasting level of each experimental factor. The results require replication, but
suggest that a more directive interaction style may be preferable for online cessation programs.

Trial Registration: clinicaltrials.gov NCT00992264; http://clinicaltrials.gov/ct2/show/NCT00992264 (Archived by WebCite
at http://www.webcitation.org/6F7H7lr3P)
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Introduction

Smoking remains a leading cause of death and disability,
accounting for approximately 1 in 5 deaths each year in the
United States [1]. Effective population-based interventions are
critically needed to reduce smoking prevalence and to lessen
the detrimental impact of nicotine dependence. The Internet
offers many advantages for this, including broad reach, low-cost
treatment dissemination, and the ability to highly personalize
content to be most appealing and best meet the needs of
individual smokers while at the same time standardizing the
content delivery across individuals (ie, to deliver personally
tailored content). Based on simulation models, effective
Internet-based interventions have extraordinary potential to
decrease population-level smoking rates [2]. However, recent
empirical reviews point out that there is only moderate evidence
for the effectiveness of Internet-based cessation programs at
this time [3,4]. Differences in effectiveness could be related to
differences in the content or the design of existing interventions,
both of which interact to dictate participants’ level of
engagement with the program. Engagement has been defined
as the number of site visits, number and type of pages viewed,
or duration of time spent viewing the content [5-7].

Although greater program engagement does not automatically
mean a program is more effective (in fact, people may not return
to the program because it was effective in helping them change
their behavior), some level of intervention exposure is clearly
important for an intervention to have its intended effect.
Research has consistently shown a dose-response effect for
smoking cessation interventions, including Internet-based
programs [3-5,8-12], and engagement with specific components
of online programs can predict cessation [10,12,13]. But it is
unclear how best to promote engagement in online nicotine
dependence treatment programs in which intervention exposure
is left up to the self-direction and motivation of the individual
user. Evidence supports the importance of message source and
the level of personal tailoring on the number of intervention
pages viewed in online smoking cessation interventions [5].
Additional insight can be gleaned from studies evaluating online
lifestyle modification programs. For example, supplemental
email prompts can increase return website visits [14] and
promote greater online self-monitoring of behavioral risk factors
[15]. Others have suggested that limiting users’ control over
their navigation of a website can increase time spent on the
website and the number of pages visited [16]. In general,
however, little is known about how to best design an
Internet-based smoking cessation program to maximize
participant engagement, particularly when the program is
designed for use on a population level, among all smokers,
regardless of their current interest in quitting. The current study
addresses this issue.

Consistent with the initial screening phase of the multiphase
optimization strategy (MOST) for treatment development

[17,18], we implemented a 2-level full-factorial experiment to
examine the effects of 4 independent design factors (message
tone, navigation autonomy, proactive email outreach, and
inclusion of personally tailored testimonials) on participant
engagement during the first 2 months of program enrollment,
with each factor explored on 2 contrasting levels. We chose to
focus on the first 2 months after program enrollment because
we hypothesized this to be a critical time for treatment
engagement. That is, participants may be more likely to interact
with the intervention shortly after joining the program, reflecting
their initial motivation to participate. Future analyses will report
on the long-term effects of each design factor on smoking
abstinence and treatment utilization, the main outcomes for this
randomized trial.

For this study, engagement was defined as the number of times
people visited the website to view the intervention content, the
number of content areas viewed, the number of content pages
viewed, and the duration of time spent viewing the content. This
definition is consistent with the literature [5-7] and reflects the
fact that engagement is multidimensional. For instance,
increased content exposure (in terms of total page views or
content areas viewed) should increase one’s duration of
exposure, but could also reduce the absolute number of visits
if people feel they have maximized their interaction with the
website. Thus, it is important to examine each of these measures
separately.

Each design factor was chosen based on empirical or theoretical
evidence for its effects on smoking cessation or because its
treatment effects are unclear. For example, research suggests
that interventions grounded in the principles of motivational
interviewing can be effective across a range of health risk
behaviors, including smoking abstinence [19-24]. Dictating
content order based on readiness to quit may also increase
treatment effectiveness by making treatment information more
salient to smokers. Narrative testimonials can transport readers
[25] and may result in greater behavior change [26]. In fact,
personally tailored testimonials were associated with higher
6-month abstinence rates in prior research [27]. Finally, periodic
email reminders may encourage greater program utilization
[14,15] and, therefore, enhance treatment outcome (for further
discussion of the rationale for the selection of these factors, see
McClure et al [28]).

In the current study, we hypothesized that each of the
experimental factor levels would also have a differential effect
on our 4 measures of engagement. Participants randomized to
receive online intervention content written in a prescriptive tone
(as opposed to a motivational tone) would find the content less
acceptable; therefore, they would view fewer content areas and
Web pages, spend less time reviewing the content, and may
return to the site less often. Similar hypotheses were made for
people who were required to view content in a prespecified
(dictated) order based on their stage of change, as opposed to
being allowed to navigate the site freely, based on their interests.
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These assumptions are consistent with people’s desire for
autonomy as described in self-determination theory [29-31].
We also believed that people who received periodic email
prompts encouraging a return to the site would visit the website
more often and spend more time viewing content as a result. It
was unknown if they would view more treatment content areas
or Web pages since exposure to the content could be maxed out
during the initial visit. Finally, we explored the impact of
providing smokers with personally tailored testimonials from
other smokers as part of their intervention. This type of narrative
is a common technique in persuasive messaging and can
facilitate information processing, provide surrogate social
connections, overcome resistance, and address emotional
issues—all potentially important to behavior change [26].
Because the addition of the testimonials confounded our ability
to examine its effects on the total number of content page views
or duration of exposure (because these participants had
additional content pages to view), we were only able to examine
its effects on total content areas viewed and visits to the website.
Findings from this study add to the nascent literature informing
the optimal design of Internet-based behavior change programs
to encourage program engagement.

Methods

The study design and methods, including an extensive overview
of each of the experimental factor choices, their theoretical
rationale, and how each was operationalized in the Questions
about Quitting (Q2) intervention is available elsewhere [28].
Details and information about the trial specific to the current
hypotheses are summarized subsequently.

Setting and Population
This study was a collaboration between Group Health Research
Institute in Seattle, Washington and the University of Michigan
Center for Health Communications Research in Ann Arbor,
Michigan. Participants were recruited from Group Health, a
large, regional nonprofit health plan in Washington State. All
research materials (intervention materials, surveys, and
protocols) were approved by the institutional review boards at
Group Health Research Institute and the University of Michigan.
The study is registered with clinicaltrials.gov (NCT00992264).
Data reported in this paper were collected between May 2010
and December 2011.

Factorial Design and Screening Experiment
Consistent with the initial phase of the MOST framework
[18,32,33], we conducted a 2-level full-factorial experiment to
screen for optimum intervention characteristics. Half of the
participants were exposed to each contrasting level of the 4
experimental factors: message tone (prescriptive vs
motivational), navigation autonomy (dictated vs not), proactive
email reminders (yes vs no), and inclusion of personally tailored
testimonials (yes vs no). Randomization to each factor was
balanced across the trial arms to control for their effects on each
factor of interest and stratified by baseline readiness to quit
smoking. Interested readers are referred to McClure et al [28]
for a more detailed discussion of the factorial design. Additional
discussion of the MOST methodology can be found in the
literature [17,18,32,33]. The long-term goal of this programmatic

research will be to combine the most effective factors to create
an optimized intervention and compare it to an empirically
validated control in a future randomized trial.

Recruitment, Screening, Randomization, and
Enrollment
A study invitation letter was sent to adult likely smokers
identified from automated health plan records. The study
program was described as providing information and guidance
to help people decide if quitting was right for them and how to
quit if and when they decided to do so. The goal was to recruit
smokers interested in quitting, as well as those with no interest
in quitting.

Individuals interested in learning more about the program were
provided a unique log-in access code in the invitation letter and
were directed to the study website where they were screened
for eligibility, provided consent, and were enrolled online.
People were eligible if they were aged 18 years or older, a
current member of Group Health, smoked 100 cigarettes in their
lifetime, smoked even a puff in the past 7 days, smoked an
average of at least 5 cigarettes per day, were not currently
enrolled in a smoking cessation program or taking medication
to stop smoking, had access to the Internet for personal use,
were willing to check their email at least once a week, were
comfortable reading and writing in English, had no visual
impairments that prevented reading text on a computer screen,
and were comfortable using a computer and the Internet.

After providing online consent, participants completed a baseline
assessment online and then were randomized to an intervention
arm using an automated algorithm. Half of all participants were
randomized to each contrasting factor level and assignment to
each intervention group was stratified by participants’ readiness
to quit smoking at baseline (no interest in quitting in the next
6 months, interested in quitting in the next 6 months but not the
next month, or interested in quitting in the next month).
Following randomization, participants could immediately access
their personalized intervention program following the baseline
assessment and were encouraged to return to the site as often
as they wanted. Because enrollment required log-in using a
preassigned log-in code, it was not possible for participants to
enroll in the study more than once. Participants were blinded
to their group assignment.

Program Development
The program was developed through an iterative and interactive
design process. The final design and layout was informed by
focus group testing with smokers. Intervention content was
written by experts in behavioral science at the Group Health
Research Institute and University of Michigan’s Center for
Health Communications Research (CHCR). The personalized
intervention content was tailored using the nonproprietary
Michigan Tailoring System, developed by researchers in the
CHCR. Additional detail on the program design and content
are available in McClure et al [28]. There were no major changes
to the intervention design or content after study launch.
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Program Design and Core Intervention Content
The intervention was delivered via the Internet. Participants
were told they would receive an individually tailored program
designed to answer their questions about quitting smoking and
to help them make a decision about whether and how to stop
smoking, but they were not told any specifics about the treatment
arms before or after accessing the intervention. The intervention
included a combination of core intervention content and
additional special feature content. The core content was
accessible from the main page and organized in 3 main
drop-down headers or content areas, each targeting smokers at
different stages of readiness to quit smoking, specifically those
not ready to quit, those ready to quit, and those who already
quit (see sample screenshot in Figure 1). Each of the 3 core
content areas contained 3 to 5 subsections set up as individual
Web pages. Section subheadings reflected questions smokers
commonly have (eg, Is quitting right for me? What are my
treatment options?). The special features content was also linked

to the main page, but was kept distinct from the core content
section. This supplemental material included topics other than
smoking cessation, such as stress management, time
management, and physical activity—topics thought to have a
broad appeal to smokers regardless of their interest in quitting
smoking and which would, therefore, encourage return visits
to the website.

Participants could view the Q2 program as often as they liked
and they were encouraged to return to the website in the future.
Upon return, if more than 24 hours had elapsed since their last
visit, participants were asked to restate their readiness to quit
smoking and the content was retailored to reflect their current
smoking status and interest in quitting. The basic intervention
layout, number of pages, and substantive core content remained
unchanged, but the text was refreshed to reflect the change in
participants’ current motivation for quitting or smoking status.
The intent was to ensure that the program content remained
responsive to individuals’ current needs.

Figure 1. Example screenshot of Questions about Quitting (Q2) layout.
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Experimental Factors

Message Tone
Participants were randomized to receive content written in either
a prescriptive or motivational tone. Prescriptive messaging was
written in a didactic tone and clearly advised smokers to quit
smoking and how to achieve this goal. Motivational messaging
was written in a tone consistent with the key principles of
motivational interviewing (express empathy, develop
discrepancy, roll with resistance, support autonomy and
self-efficacy) [34]. Messages written in this tone recognized
smokers’ potential ambivalence about quitting and their
autonomy in making decisions about if, how, and when they
would quit smoking.

Navigation Autonomy
Half of the participants could freely view content on the website
in any order they wished. The other half of the participants, in
the dictated navigation arm, were required to first view content
matched to their baseline readiness to quit and to view the
content in a prespecified order. After this content was seen, they
were then free to navigate the site.

Proactive Emails
Participants were also randomized to receive weekly proactive
email reminders or not. Email messages were standardized
across all individuals and encouraged participants to return to
the Q2 website to view the optional special feature content.
However, we did not track special feature page views because
it was not part of the core intervention. Additionally, not all
participants had access to this content at the same time. For
those whose navigation of the site was dictated based on their
initial readiness to quit, access to this optional content was only
available after they viewed all Web pages in their initial
stage-appropriate content area.

Testimonials
Participants were randomized to receive 3 highly tailored
testimonials designed to promote their self-efficacy for quitting
or to not receive these testimonials. Testimonials were tailored
on each individual’s stage of change, level of nicotine
dependence, prior use of pharmacotherapy for nicotine
dependence, depression history, perceived risks and benefits of
quitting smoking, and their self-efficacy for quitting. One
testimonial was included at the end of each of the 3 core content
sections. Testimonials were designed to support self-efficacy
for quitting by providing personally tailored information and
modeling appropriate quitting behaviors. Information was
presented in an interview format with a smoker or former
smoker. Because not all participants received the extra
testimonial content, tracking data from these pages, including
time spent viewing this content, were excluded from the analyses
to normalize the engagement metrics across treatment arms.

Assessment and Measures
Self-report data were collected at baseline using an online
survey. This data included demographics; current smoking
status; number of cigarettes smoked per day; stage of readiness
to quit smoking; nicotine dependence assessed with the
Fagerstrom Test of Nicotine Dependence [35]; motivation for

quitting, self-efficacy for quitting, and perceived importance of
quitting smoking (assessed on a 10-point Likert scale ranging
from not at all to very); and use of alternative treatments for
quitting smoking (eg, pharmacotherapy, counseling).

Automated tracking data were collected each time participants
visited the website. This data included the date and time each
participant visited the website and individual date/time stamps
each time a content page was accessed or left.

Intervention exposure was defined as any exposure to the core
intervention content. Visits to the main page and special features
were excluded. Engagement was defined by: (1) the number of
unique visits to the website during which the core intervention
content was viewed, (2) the number of unique treatment core
content sections viewed (out of a possible 3), (3) the number
of times individual pages (core content subsections) were
viewed, and (4) the cumulative duration of minutes spent
viewing the core intervention content. Sessions automatically
timed out after 30 minutes of inactivity or ended when
individuals left the website (eg, logged out, closed their browser,
or visited a different website).

Data Integrity
Data were monitored over the course of the study to ensure
participants were appropriately randomized, baseline data were
collected, and automated user statistics on program use were
being appropriately captured.

Analyses
The analytic sample included all individuals, regardless of
exposure to the core intervention content, to take advantage of
the balancing effect of randomization on all covariates, measured
and unmeasured. As a result, any observed differences between
the randomized treatment groups are because of differences in
the effect of the interventions. If we had limited the analyses to
only those individuals who observed some content, this would
restrict the sample based on a posttreatment outcome. That is,
differences in observed program engagement levels between
groups could be due to treatment effects or imbalances in
covariates between the treatment groups. To further complicate
matters, 1 of the factor levels (receipt of proactive emails)
directly affected the probability that an individual viewed any
content; limiting the analytic sample only to those who saw
some content when comparing the 2 levels of this factor would
bias the results.

Descriptive statistics were used to characterize the study sample
based on data collected during the baseline survey. To assess
engagement with the website content, we examined
website-tracking data for each participant. We calculated means,
standard deviations, medians, and interquartile ranges for each
count-based outcome measure. We compared the number of
visits to the website in which an individual viewed core
intervention content between the 2 levels of each of the 4 factors
using Poisson regression models that adjusted for initial
readiness to quit smoking because this was a stratification
variable in the randomization process. Similar Poisson models
were used to estimate the effect of random factor level
assignment on the number of content areas visited, ranging from
zero to 3. Estimates obtained from Poisson models are generally
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interpretable as incidence rate ratios, but in the context of an
experiment like ours in which all subjects shared a common
period of exposure, estimates can equivalently be interpreted
as the ratio of mean event counts among the exposed to that of
the unexposed group.

The distributions of the number of individual page views and
of the cumulative number of minutes spent viewing intervention
content each had a larger proportion of zeros than expected from
a Poisson distribution. Due to the inflated number of zeros we
used zero-inflated Poisson (ZIP) models to estimate the effects
of the factors on these 2 measures [36,37]. A ZIP model is made
up of 2 parts: a logistic model that is used to model the excess
zeros in the population and a Poisson model used to model the
mean of the outcome. In this analysis, the logistic portion of
each ZIP model used only an intercept to model the excess zeros
for 3 of the factors. The model for the fourth factor, receiving
proactive emails, included a parameter to estimate the effect of
email receipt on the odds of an excess zero. The estimates
reported are the effect of the factor level on the mean of the
outcome (accounting for excess zeros in the corresponding
Poisson distribution) in the whole population (ie, not just those
who viewed the core intervention content) as described in
Preisser et al [37]. No other covariate adjustments were made
in the logistic portion of our ZIP models.

A total of 683 page views timed out automatically after 30
minutes of inactivity. Among page views that did not time out,
most views were significantly shorter than 30 minutes,
suggesting it was unlikely that all timed-out sessions truly
reflected 30 minutes of time spent viewing these pages. Thus,
we treated the true viewing time for these page views as missing
values and imputed the viewing time for these page views using
a chained equation, multiple imputation procedure [38,39].
Model predictors included baseline data (participant
demographics, smoking history, beliefs about smoking, and
readiness to quit), randomized level for each of the 4 factors,
and the number of minutes spent on the first core content page
viewed. We estimated and tested the effects of the experimental
factors on the cumulative duration of intervention time by
combining results from 5 imputed datasets, accounting for both
within- and between-imputation variance components [40,41].

To investigate whether the effects of the random factor
assignments may have differed by initial readiness to quit, we
refitted each of the regression models described previously with
the inclusion of interaction terms between the factors of interest
and a categorical variable indicating initial readiness to quit
smoking. Joint tests of the set of interaction terms within each
model fit were conducted using a Wald test statistic with 2
degrees of freedom calculated to assess the significance of
interactions.

Tracking data management was conducted using SAS software
version 9.2 (SAS Institute, Inc, Cary, NC, USA) and all
analyses, including multiple imputations, were conducted using
Stata version 12 (StataCorp LP, College Station, TX, USA).

Results

Participants
Demographic characteristics of the enrolled sample (N=1865)
are presented in Table 1. The characteristics of participants
within each of the 4 factors’ levels were similar to one another
and to the overall distribution, so only the overall distribution
is shown. Recruitment flow is presented in Figure 2. Reasons
for ineligibility were not mutually exclusive. Participants could
report more than 1 reason for ineligibility.

Intervention Exposure and Engagement

Intervention Exposure
A total of 690 of 1865 enrolled participants (37.00%) failed to
view any of the core intervention content within 2 months after
joining the study, whereas 1175 participants (63.00%) viewed
at least some core content during this period. Participants who
failed to view any core content differed significantly with regard
to their baseline readiness to quit (P<.001). More of these
individuals had no interest in quitting smoking (15.22% vs
10.98%) or were interested in quitting in the next 6 months
(46.52% vs 42.13%), but fewer were interested in quitting within
the next month (38.26% vs 46.89%) indicating fewer were ready
to quit smoking at baseline. Among those individuals who chose
to view the core intervention, the proportion of people viewing
content was similar across each factor level: message tone
(64.91% prescriptive vs 61.09% motivational), navigation
autonomy (64.45% dictated vs 61.55% nondictated), email
reminders (63.88% yes vs 62.12% no), and testimonials (61.52%
yes vs 64.48% no).

Program Engagement
Participants viewed the core content on a total of 1691 separate
visits, resulting in 6592 unique content page views. On average,
participants who accessed the core intervention made 1.4 visits
(median 1, range 1-11) to view this content, viewed an average
of 1.4 of the 3 core content areas (median 1, range 1-3), and
viewed on average 5.6 total core content pages (median 4, range
1-53). After imputing duration of timed-out visits, the average
cumulative time accrued viewing the core intervention content
was 12.3 minutes (median 7.0, range 0.10-180). Of the 3 core
content areas, the pages designed for people ready to quit were
viewed most often. Content designed for people not yet ready
to quit was viewed second most often, followed by the content
designed for people who have already quit.

Engagement outcomes by factor level are presented in detail in
Table 2. Effect estimates shown represent the ratio of means
for each outcome measure, comparing those randomized to the
stated factor level to those randomized to the contrasting factor
level. For example, after adjustment for baseline readiness to
quit, the average number of website visits among those who
received content written in a prescriptive tone was
approximately the same as the average number of visits among
those whose content was written in a motivational tone, yielding
a ratio of means of 1.00 (95% CI 0.90-1.10; P=.93). However,
those viewing content in a prescriptive tone viewed an average
of 1.17 times more content areas (95% CI 1.08-1.28; P<.001),
and 1.15 times more content pages (95% CI 1.04-1.28; P=.009)
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than those whose content was written in a motivational tone.
Duration of time spent viewing materials did not differ
statistically between the 2 levels of the tone factor (ratio of
means 0.87, 95% CI 0.75-1.01; P=.06). Persons receiving
proactive email reminders had an average of 1.20 times as many
website visits resulting in content views (95% CI 1.09-1.33;
P<.001), but visited a similar number of content areas as persons
receiving no reminders. Individuals with proactive email
reminders viewed 1.58 times as many content pages (95% CI
1.48-1.68; P<.001), and spent 1.51 times as many minutes online
(95% CI 1.29-1.77; P<.001). Persons required to view content

in a dictated order based on their initial readiness to quit made
approximately the same average number of visits as people able
to freely navigate the site, but viewed fewer content areas on
average (ratio of means 0.80, 95% CI 0.74-0.87; P<.001),
viewed 1.17 times as many pages (95% CI 1.06-1.31; P=.003),
and spent 1.37 times as many minutes online (95% CI 1.17-1.59;
P<.001). There were no significant differences in the average
number of visits to the website or content areas viewed between
participants who did and did not receive the personally tailored
testimonials.

Table 1. Baseline characteristics of enrolled participantsa (N=1865).

ParticipantsCharacteristics

Sex, n (%)

1178 (63.16)Female

Race/ethnicity, n (%)

1534 (82.25)White, non-Hispanic

Education level, n (%)

524 (28.10)High school or less

944 (50.62)Some college

396 (21.23)College degree or higher

Employment status, n (%)

1287 (69.00)Employed

Marital status, n (%)

1052 (56.41)Married/partnered

Readiness to quit, n (%)

815 (43.70)In next 30 days

816 (43.75)In next 6 months, but not in next 30 days

234 (12.55)Not thinking of quitting

24.9 (14.2)Years smoked, mean (SD)

44.2 (14.7)Age (years), mean (SD)

4.2 (2.2)Nicotine dependence (FTND)b, mean (SD)

Psychosocial factors (range 1-10), mean (SD)

7.4 (2.5)Motivation for quitting

5.4 (2.6)Self-efficacy for quitting

7.6 (2.6)Importance of quitting

a Complete data were available on all baseline outcomes, with 1 missing value each for race and education.
b FTND: Fagerstrom Test of Nicotine Dependence.
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Figure 2. Recruitment flow and allocation of participants.

Table 2. Comparison of engagement metrics by factor level.a

Tailored testimonialbDictated navigationProactive emailsPrescriptive message toneFactor level

PRatio of means

(95% CI)

PRatio of means

(95% CI)

PRatio of means

(95% CI)

PRatio of means

(95% CI)

.110.92

(0.83-1.02)

.701.02

(0.92-1.13)

<.0011.20

(1.09-1.33)

.931.00

(0.90-1.10)

Website visits

.300.96

(0.88-1.04)

<.0010.80

(0.74-0.87)

.101.08

(0.99-1.17)

<.0011.17

(1.08-1.28)

Content areas viewed

.0031.17

(1.06-1.31)

<.0011.58

(1.48-1.68)

.0091.15

(1.04-1.28)

Content page views

<.0011.37

(1.17-1.59)

<.0011.51

(1.29-1.77)

.060.87

(0.75-1.01)

Cumulative duration

a Point estimates represent ratio of means between each contrasting factor level and are adjusted for baseline stage of change. Results reflect the effect
of each factor level (prescriptive tone, email reminders, dictated navigation, and testimonials) relative to those who did not receive the stated factor.
Effects of randomized factors on website visits and content areas viewed were estimated with Poisson regression models, and effects on page views
and duration were estimated using zero-inflated Poisson regression models.
b Content page views and duration of time spent viewing content were not examined for those in the testimonial factor because these individuals had
more content pages to view containing more material.
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Secondary analyses investigated the interaction between baseline
readiness to quit (a measure of motivation) and each of the factor
levels, to determine if participants with different levels of
readiness to quit at enrollment engaged differently with the core
Q2 program (results not shown). Out of 17 tests for interaction,
only 1 was statistically significant; the prescriptive tone resulted
in significantly less cumulative viewing time (ratio of means
0.54, 95% CI 0.36-0.83) among those with no interest in quitting
in the next 6 months, but had no significant effect on the viewing
times of those in interested in quitting in the next month (ratio
of means 0.83, 95% CI 0.66-1.04) or next 6 months (ratio of
means 1.03, 95% CI 0.82-1.29). These 3 estimates, each specific
to a level of readiness to quit smoking, differed significantly
from one another (P=.02). No adjustments were made for
multiple comparisons.

Discussion

Program engagement is critical for any intervention to be
effective, but promoting program engagement is a particularly
important issue in Web-based interventions because treatment
exposure is dependent on the motivation and self-direction of
the individual user. In order to maximize the effectiveness of
future Internet-based smoking treatment programs, we need a
better understanding of how to engage smokers in these
programs and, in particular, how to promote engagement with
the most critical core program elements designed to motivate
and promote behavior change. The current study provides insight
into these issues by comparing the relative effects of 2
contrasting levels of each experimental design feature (factor):
message tone (prescriptive vs motivational), navigation
autonomy (dictated vs not), proactive email reminders (yes vs
no), and inclusion of personally tailored testimonials (yes vs
no). We sought to determine if one level promoted greater
treatment engagement than the other within each factor.

We found that using a prescriptive message tone, dictating the
order content was viewed, and sending email prompts had the
greatest effects on early program engagement among a
population-based sample of smokers at varying stages of
readiness to quit smoking. Each of these increased the total
number of core page views. Cumulative exposure to the core
content was also increased by dictating navigation order and
sending emails. Although the prescriptive tone was not
statistically significant at the .05 level, the effect estimate was
greater than 1 (P=.06). Using a prescriptive tone also increased
the total number of core content areas viewed and, as expected,
email prompts increased the number of visits to the website.
No other factors increased the number of content areas viewed
or number of visits made to view the core intervention content.

The inclusion of tailored testimonials did not have an effect on
Web visits or the number of content areas viewed, although we
did not expect it would. The primary goal of this factor was to
promote smoking cessation through enhancing self-efficacy and
modeling appropriate cessation-relevant behaviors, so its real
impact is expected to be observed in future analyses examining
long-term cessation and treatment utilization (the primary study
outcomes). Also, persons whose navigation autonomy was
dictated saw fewer total content areas, which was expected

because they had to view all content in their stage-matched
content area before gaining access to the other 2 content areas.
This barrier likely deterred exposure to more content areas.

The findings suggest that using a prescriptive message tone,
dictating the order in which content is viewed to match smokers’
initial level of interest in quitting, and sending weekly email
prompts may increase online program engagement. This
directive approach is somewhat counterintuitive for an
intervention intended to motivate persons to quit smoking.
Motivational interviewing suggests that people who are not
ready to take action may respond better to counseling which is
less directive and recognizes their ambivalence for change and
autonomy to make their own decisions [34,42]. We cannot yet
comment on the impact of each factor level on abstinence (the
true measure of how well people respond to a cessation
intervention), but in terms of program engagement, the more
directive factor levels were preferable. This was unexpected for
the dictated navigation, but is consistent with recently published
research demonstrating that limiting user control over navigation
increased time spent online and page visits within a website
designed to promote hepatitis knowledge [16]. It is unclear why
the prescriptive tone had a differential effect on engagement
than the motivational tone—counter to what would be predicted
based on self-determination theory. To gain insights into this
finding we looked for differences in users’ acceptability ratings,
literacy, or self-reported desire to be “told what to do” by a
clinician (data not presented). These data did not reflect
differences among the randomization arms that might explain
our findings. The most likely explanation at this time is that
smokers seeking information about whether and how to quit
smoking simply prefer more directive advice. Whether this
finding will generalize to other audiences or topics should be
explored further.

It is noteworthy that one-third of participants failed to view any
of the core intervention content during the first 2 months of the
study. The reason for this is not evident, but motivation for
quitting could play a role. Overall, people who failed to view
core content were less likely to be ready to quit smoking in the
next 30 days compared to those who viewed the content. Future
planned analyses will explore how those who viewed the
intervention differed from those who did not and whether these
individuals failed to ever view the core intervention content or
simply delayed their viewing. All participants have access to
the Q2 program for a full year after enrollment.

Several caveats should be considered when interpreting these
results. First, the findings might look different if we had
examined tracking data for the testimonial pages and special
features. However, including these would inappropriately skew
the effects of the factor levels on engagement because exposure
to these program elements varied by treatment arm. Also, the
special feature content was not considered part of the core
smoking cessation intervention. Thus, our more conservative
approach is justified. The findings might also look different if
engagement was observed over a longer period of time. We
chose to measure engagement over the first 2 months of
enrollment because this would seem to be a critical time. If one
fails to engage with the program within 2 months after making
an effort to enroll, it may be that they will not engage at all. We

J Med Internet Res 2013 | vol. 15 | iss. 3 | e69 | p.98http://www.jmir.org/2013/3/e69/
(page number not for citation purposes)

McClure et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


will be able to address this in future analyses when 1-year
follow-up data are available. Next, the average cumulative
exposure duration would be higher if we had not imputed
missing values for each page view that timed out after 30
minutes of inactivity. However, we believe it preferable to treat
this information as missing and use multiple imputations to
accommodate this missing data in the analyses than to
potentially overestimate this important outcome and artificially
inflate exposure. Additionally, although it is tempting to
interpret the interaction results as evidence that the prescriptive
tone was less effective among people with no interest in quitting
smoking, caution must be used in drawing this conclusion since
this was the only significant interaction out of 17 and we did
not adjust for multiple comparisons. Finally, we should caution
readers not to interpret the results as an evaluation of
motivational interviewing per se, which is a specific counseling
technique. We can only comment on the application of several
key principles of motivational interviewing when applied in a
Web-based program not the full complement of motivational
interviewing skills, which would be difficult to simulate outside
an actual counseling session. Thus, we consider this an
evaluation of a motivational message tone grounded in
motivational interviewing principles.

There are limitations with this study. For one, it is not clear if
the results will generalize to other Internet-based treatment
programs since engagement is associated with the specific
content of an intervention. But because we focused on design
principles such as message tone, navigation autonomy, and use
of proactive emails, it will be possible for others to apply these
same strategies to future programs and test their effects.
Similarly, we do not know if the results will generalize to other
smokers, particularly uninsured minority males. All smokers

in the current study had medical insurance (at least at the time
of enrollment), most were female (63%), and most were white
(82%). However, enrolling a higher proportion of female and
white smokers is consistent with findings from other
population-based, online cessation trials [43-45].

The study has several distinct strengths. Chief among these, the
study systematically explores how the design of a public health
smoking intervention influences smokers’ interaction with the
program. Other strengths include the large study sample
(N=1865) which included a broad spectrum of smokers with
differing levels of motivation to quit, use of a rigorous study
design grounded in the MOST methodological framework, use
of automated tracking data to confirm individual exposure to
the website at the level of each individual Web page and time
spent viewing specific pages, and use of sophisticated imputation
methods to account for time spent online without
overinterpreting cumulative exposure time based on time-out
parameters.

The results of the current study provide important insight about
how to design a population-based, online smoking cessation
intervention. Ultimately, it will be important to see what effect
each of the experimental factors has on long-term cessation
outcomes, but the current study suggests that taking a directive
intervention approach, including a prescriptive message tone,
dictated site navigation, and proactive email outreach may be
useful for increasing program engagement particularly in
population-based interventions targeting smokers with varying
levels of motivation for quitting. Future research should seek
to replicate these findings. Moreover, more methodologically
rigorous science should seek to systematically elucidate the
optimal strategies for maximizing the effectiveness of online
behavioral intervention programs.
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Abstract

Background: Use of mobile technology has made a huge impact on communication, access, and information/resource delivery
to adolescents. Mobile technology is frequently used by adolescents.

Objective: The purpose of this study was to understand the health information needs of adolescents in the context of their
everyday lives and to assess how they meet their information needs.

Methods: We gave 60 adolescents smartphones with unlimited text messaging and data for 30 days. Each smartphone had
applications related to asthma, obesity, human immunodeficiency virus, and diet preinstalled on the phone. We sent text messages
3 times per week and asked the following questions: (1) What questions did you have about your health today? (2) Where did
you look for an answer (mobile device, mobile application, online, friend, book, or parent)? (3) Was your question answered and
how? (4) Anything else?

Results: Our participants ranged from 13-18 years of age, 37 (62%) participants were male and 22 (37%) were female. Of the
60 participants, 71% (42/60) participants identified themselves as Hispanic and 77% (46/60) were frequent users of mobile
devices. We had a 90% (1935/2150) response rate to our text messages. Participants sent a total of 1935 text messages in response
to the ecological momentary assessment questions. Adolescents sent a total of 421 text messages related to a health information
needs, and 516 text messages related to the source of information to the answers of their questions, which were related to parents,
friends, online, mobile apps, teachers, or coaches.

Conclusions: Text messaging technology is a useful tool for assessing adolescents’ health behavior in real-time. Adolescents
are willing to use text messaging to report their health information. Findings from this study contribute to the evidence base on
addressing the health information needs of adolescents. In particular, attention should be paid to issues related to diet and exercise.
These findings may be the harbinger for future obesity prevention programs for adolescents.

(J Med Internet Res 2013;15(3):e54)   doi:10.2196/jmir.2395

KEYWORDS

text messaging; ecological momentary assessment; mobile health technology

Introduction

Understanding adolescents’ health behaviors is important
because behavior that is unhealthy and/or risky, rather than
infectious or chronic diseases, is the leading cause of morbidity

among adolescents [1]. Moreover, adolescents’health behaviors
are still not well understood and have been under-studied [2].
We need a better understanding of adolescents’health behaviors
in the context of their daily living in order to develop
interventions that target their health related activities. This is
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particularly important because behaviors and decision-making
processes learned and habituated at a young age are likely to
be more sustainable over time, and thus may have greater impact
than attempting to change the behavior of adults [3].

One approach to addressing behavior change in adolescents is
through the use of health information technology (HIT).
Effective use of HIT for health communication purposes can
facilitate clinical and consumer decision-making and build
health skills and knowledge. For example, personal health
records are an important and increasingly accepted tool for
supporting patient-centered care, self-management, and effective
use of health care resources [4]. There is also growing use of
mobile health (mHealth) technologies, which are enabling
individuals to manage their health. Use of mobile technology
affords numerous advantages, including reduced memory bias,
the ability to capture time-stamped data, and the potential for
personalizing and tailoring information in real-time [5]. The
ubiquitous nature of mobile technologies in daily life has created
opportunities for applications that were not previously possible
and allows for health resource monitoring and management [6].
Mobile technologies have the potential to transform health care
by allowing clinicians to help patients address their health care
needs in real-time [7]. For example, recent research has
demonstrated the usefulness of text messaging on promoting
the delivery of immunizations [8-13]. Nonetheless, these studies
were limited to the use of text messaging by parents for
managing their children and adolescents’health. There has been
a dearth of research on adolescents’ use of text messaging for
managing their own health.

Mobile technology and text messaging are particularly
appropriate for use in a study with adolescents since texting has
become the preferred channel of communication between
adolescents and their friends. In the United States, 2009, 77%
of 12-17 year-olds owned cell phones, which increased from
45% in 2004 [14,15]. Cell phones have become indispensable
tools in teen communication patterns [16]. In 2009, 88% of
adolescent cell phone users used text-messaging, which was a
large increase from the 51% in 2006 [14]. Adolescents send or
receive an average of 3339 texts a month [17].

Using mobile phone technology and text messaging, we
conducted a formative research study using a mixed methods
approach to understand adolescents’ health information needs
in the context of their everyday lives and to assess how
adolescents meet their health information needs.

Methods

Sample Recruitment
Prior to the start of the study, approval was obtained from the
Columbia University Institutional Review Board (IRB). IRB
waiver of parental consent was obtained and participants signed

assent forms prior to their participation in the study. Participants
were recruited from a local public high school in Bronx, New
York. Participants were recruited initially on-site, followed by
snowball sampling, a non-probability sampling technique where
existing study subjects recruit future subjects from among their
friends, to identify additional participants until the desired
number is recruited [18]. Participants were allowed to keep the
mobile phone as compensation for their participation in the
study.

Data Collection
Prior to the start of the study, we collected demographic
information and health related quality of life information from
the participants using the 36-Item Short Form Health Survey
(SF-36), selected from the Medical Outcome Study (MOS)
inventory [19]. To evaluate health status in a valid and efficient
way, Ware and colleagues developed the SF-36 to reduce
questionnaire constraints faced in prior standardized health
surveys [19-24]. As opposed to disease-specific measures, the
SF-36 is a measure of generic health status or quality of life
that includes both physical and mental health concepts.
Following completion of the demographics and SF-36 forms,
we used an ecological momentary assessment (EMA) to assess
our participants’health information needs in the context of their
daily lives and determine how they met their needs. EMA is a
sampling method developed to assess phenomena at the moment
they occur in natural settings and takes place in participants’
naturalistic environments, supporting the ecological validity of
this approach [25]. We used mobile smartphones and text
messaging to conduct an EMA, which involved repeated
sampling of subjects’ behaviors and experiences in real time,
while the participants were in their natural environments [26].

We gave 60 adolescents smartphones with unlimited text
messaging and data access, as well as 600 voice minutes for 30
days. Each smartphone had applications related to asthma, HIV,
obesity, diet, and exercise preinstalled on the phone. The
applications which we installed were freely available on the
Android and iPhone market and included: Myfitnesspal,
Sparkpeople, NIH obesity, and Asthma Check (Figure 1). We
used a hosted messaging gateway service to send text messages
3 times a week to ask adolescents the following questions: (1)
What questions did you have about your health today? (2) Where
did you look for an answer (mobile device/application, online,
friend, book, or parent)? (3) Was your question answered and
how? (4) Anything else?

Following 30 days of mobile phone use, we invited participants
to attend a follow-up focus group session. The focus groups
were held in a conference room at the Columbia University
School of Nursing. Food appropriate for time of day was served
and participants were compensated $20 for their time. We had
a total of 4 sessions with 38 participants across all sessions.
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Figure 1. Screenshots of mobile apps which were downloaded on the smartphones prior to the EMA.

Data Analysis

Demographic Data
We used descriptive statistics to calculate the frequencies,
means, and standard deviations of our sample population.

EMA Data
Two authors (RS and AO) independently coded each of the text
message responses. The text message responses were divided
into 3 groups based on the EMA questions: (1) health
information needs, (2) information sources, and (3) information
need resolved. Coding began after reading each of the text
messages at least twice and highlighting the relevant ideas.
Codes were created based on a line-by-line analysis. Data was

summarized thematically through an iterative process by each
author. After coding was completed, the authors met and
discussed any discrepancies in their coding until reaching a
consensus on an appropriate code.

Focus Group Data
Thematic analysis was used to code focus group data. Data was
summarized thematically through an iterative process by the
author after each focus group session. Similar procedures were
used as in the text messaging coding.
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Results

Sample
We had a total of 60 participants in our EMA study. One
participant had her phone stolen but we replaced the phone. We
turned off 2 cell phones before the end of the 30 days because
those students used more than their allotted minutes. In this
study, there were 37/60 (62%) males and 22/60 (37%) females
with a mean age of 15.9 (SD 1.2) years. Our gender distribution
was reflective of the gender makeup of the high school from
which we recruited. There were 42/60 (70.0%) participants who
described themselves as Hispanic. Participants reported the
following racial categories: 16/60 (26.7%) black/African
American, 1/60 (1.6%) white, 7/60 (11.7%) multi-racial, and

33/60 (55.0%) other. As would be expected for a population
sample primarily composed of healthy adolescents, the response
distributions for each of the 8 domains of the MOS SF-36 tended
to be skewed in the direction of positive health. The mean
physical functioning domain was 46.92 (SD 20.4), slightly
below the national mean of 50 for adults.

Adolescents in our study had a lot of previous experience with
mobile devices—35/60 (58.0%) had started using a mobile
device more than 2 years ago, and 46/60 (76.7%) used their
mobile device more than once per day. Usage of their mobile
devices during the study period is illustrated in Table 1. There
was no difference in mobile phone service use by gender

(χ2
4,57=2.68, P=0.612).

Table 1. Mobile phone service usage over 30 days.

MaximumMinimumMean (SD)

12,474502514 (2751)Text

28,235,10633,4614,848,708 (5,938,819)Data (megabytes)

44360743 (1045)Minutes

We had a 90% response rate to our text messages. Participants
sent 1935 text messages over the study period (Figure 2). There
were 624 text messages that could not be coded because they
were irrelevant or provided too little detail to be well-understood
(eg, “No nothing else”, “Tomorrow?”). Adolescents sent a total
of 421 text messages related to a health information need. The
health information needs are organized by themes in Table 2.
Adolescents most often cited health information needs related
to diet and exercise.

Adolescents sent 516 text messages related to the source of
information to answer their question. Sources of information
are categorized in Table 3. The most common source of

information was parents (n=202). Following this information
source, the Internet (n=200) was the most frequent. Of those
who went online, 48/200 (24.0%) used Google as the main
source for answering their health question.

In the final question of our EMA study, we sought to determine
if adolescents found answers to their health questions.
Participants reported that they had 421 health information needs
and responded that their question was answered for 332 of their
needs and not answered for 42 of their needs. Participants did
not disclose whether 47 of their health information needs were
met.
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Table 2. Themes of health information needs and sample quotes.

ExampleDefinitionnTheme

How much sugar should you have intake daily? [EMA 19]

How come do dance everyday and still don’t loose [sic] weight?
[EMA 25]

Nutrition, exercise, intake, calories, weight
loss

120Diet/

Exercise

Can allergies go away? [EMA 13]

Why am I the only one with asthma in my family? [EMA 8]

Exploration of conditions, definition of med-
ical terminology

117Diagnosis/

clarification

How do I get rid of a headache? [EMA 60]

What is the easiest way to deal with pimples? [EMA 12]

Triage of routine conditions, health status,
treatment, or relief of condition

65Basic medical care

How much blood is in the human body? [EMA 44]

How can I lower my heart rate? [EMA 4]

Normal body functioning33Anatomy and physiolo-
gy

Can you really get diabetes by drinking soda? [EMA 64]

Does smoking affect your sports life? [EMA 16]

Way to prevent a condition or disease from
occurring or reoccurring

27Health promotion/

prevention

My question is could you get HIV by kissing some body? [EMA
20]

Does mirena diminish your possibilities of having kids later on
in the future? [EMA 8]

Symptom identification of SDI’s, exposure,
prevention, pregnancy

23Reproductive health

My question today was what some common signs of depression
are? [EMA 48]

Can my emotional condition effect [sic] my physical condition?
[EMA 20]

Psychological, psychiatric, or emotional is-
sues

16Psychological health

Is it healthy to weight [sic] 230 at 17? [EMA 64]

If I am obese? [EMA 68]

Developmental norms, weight, height11Growth and develop-
ment

How you stop asthma attack? [EMA 21]

What to do when you twist your ankle? [EMA 1]

First aid, bone/joint dislocations, asthma at-
tack

9Emergency/

urgent medical care

Table 3. Types of information sources and examples.

ExampleTotal nType of resource

I asked my mom. [EMA 62]

It was answer by my step father showing me different way to do it. [EMA 19]

202Parent

It was answers by online using a search site like Google. [EMA 68]

Yes and by a medical Q and A website. [EMA 63]

200Online

I asked around to my friends. [EMA 21]39Friend

I found answers on the information app on obesity on the phone. [EMA 12]20Mobile device/ application

I got the idea from my gym teacher. [EMA 9]19Teacher/ coach

Doctor told me this. [EMA 37]14Doctor/ nurse

I asked my sister for a answer. [EMA 49]12Family

Book at the library. [EMA 19]10Other
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Figure 2. Flowchart of text message responses.

Follow-up Focus Group Sessions

Overview
Of the 60 participants in our EMA study, 38 participated in the
follow-up focus group sessions. During the focus group sessions,
adolescents reported that they used their mobile phones for
music, calendar, alarm, text messaging, pacer, games,
navigation, camera, Tumbler, Google, Facebook, and YouTube.
One adolescent said, “I just went on Facebook a lot and Google.”
Another participant said, “If I have any health-related problems
I usually just go on Google and it takes to me some doctor
website, where real doctors answer the questions.” The websites
that the adolescents reported were the same as those reported
during their EMA, which triangulates our findings. Adolescents
reported that they encountered multiple barriers when trying to
use the mobile health applications that were installed on the
phone. We identified the following barriers to mobile health
application use: ease of use, readability, end user needs, and
privacy.

Ease of Use
One participant stated, “it looked too complicated”. Another
said, “I just didn’t understand it.” Participants also explained
that they “didn’t want to read the whole thing, terms and
agreements”. If the terms and agreements of an application were
too long, then some participants “would just close the app rather
than read it”.

Readability
The language contained within the application was also too
difficult as one participant described, “They kept using big
words.” To facilitate easy use of the applications, one participant
recommended that we “dumb everything down”.

End User Needs
Participants reported that they did not like the apps because
they were not tailored for adolescents’ use.

Honestly, I didn’t like the apps, because it’s like for
older people like, I’m still a teenager, so I don’t want
to be…boring.

One participant reminded the moderator that “teenagers think
differently from other people”, and so the technology should
be relevant to them, for example, “it can’t be like oh, has your
Alzheimer’s been better?” Adolescents also emphasized the
importance of the user interface and how they choose to use
“the ones that looks cooler”. One participant explained that the
health applications on the phone were “just the way [they
looked], like it was boring”.

Privacy
Privacy is a consideration for adolescents when deciding to use
mobile technology. Nearly all of our participants in our focus
groups reported that they put a code on their phone to maintain
privacy. Participants cited reasons such as “I want my stuff to
be protected, like I don’t know who is going to go into my phone
and do what with it.” One female expressed, “I don’t want my
mom to see my messages.” Another participant said, “I don’t
want anybody touching my stuff”, and the code would
discourage others from using his phone.

In addition to putting codes on their phones, participants were
concerned that the researchers could see what they were doing
with their phones. One participant said, “I felt like there was a
person sitting on a computer watching me.” Another participant
said, “People don’t like being watched.” Finally, one adolescent
said, “I thought that they were looking at our messages and
stuff.”
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Discussion

Findings from our study demonstrated the usefulness of text
messaging with health information as part of an EMA study
with adolescents. EMA aims to minimize recall bias, maximize
ecological validity, and allow study of behavior in real-world
contexts. Since the mobile phone has become the favored
communication tool for the majority of American teens [27],
this tool offers promise for future investigation and data
collection. While past studies have demonstrated the use of text
messaging for delivering reminders to promote healthy behavior
choices, these studies have been limited to parents’ use of this
tool for managing their children’s health. In contrast this study
provided preliminary evidence for the acceptability of the use
of text messaging for adolescents managing their own health
care. Moreover, our study demonstrated that adolescents are
willing to use this technology and report on their own health
questions in context of their daily lives. EMA with text
messaging holds unique promise for future studies with
adolescents who may be more resistant and unreliable for
follow-up visits but may be willing to use text messaging in its
place. In particular, our sample was unique in that they included
many underserved and at-risk adolescents. This is noteworthy
since developing these interventions for hard-to reach
populations are critical and our study findings provide promise
for the use of mHealth technology with these adolescents.

Since adolescents text frequently and have multiple health
information needs, findings from our study suggested that
development of health interventions using mobile technology
has great promise. Nonetheless, while adolescents are interested
in using applications and features on their phone, the language
and interface needs to be tailored for adolescents’use. Our study
findings indicated that mHealth technology targeted for
adolescent interventions must be designed specifically for
adolescents, otherwise it is unlikely that they will be willing to
use it. Particular attention should be paid to the user interface
as well as developing tools, which must meet the literacy needs
of underserved and high-risk adolescents [28-30]. Past research
has demonstrated the importance of both of these issues in
technology adoption, nonetheless, it is worthwhile to consider
the needs of adolescents and tailor mobile apps to meet their
literacy needs [31] and designing a user interface which is
appealing to them [29,30,32].

Also notable were adolescents’ privacy concerns, which might
be of interest to policymakers. With the passage of the Health
Information Technology for Economic and Clinical Health
(HITECH) act, personal health data will soon flow freely in
electronic form with the provision that it is available securely
and privately [33]. Nonetheless, it is important to consider
adolescents’ views on the electronic transfer and viewing of
their personal health information and their concerns about it.
Concerns over the security of their personal health information
may be a barrier to seeking health care services.

While the results of our study indicated that adolescents’ health
information needs are oftentimes met, it is important to educate

adolescents who are heavy users of mobile technology and the
Internet on how to verify their sources of information. As was
evidenced by one of our participants who thought that “real
doctors” answered her questions online, adolescents need to be
educated so that they can be informed consumers of health
information. Further research on how adolescents verify their
sources of health information is warranted.

Of note were our participants’ most frequently reported
questions about diet and exercise. While concerns over
childhood obesity in our country continue to grow, our study
indicated that our sample of ethnically diverse adolescents has
heightened awareness and health information needs regarding
issues related to obesity. Despite health information needs
related to diet and exercise and past studies on this topic [34],
a recent systematic review indicated that the outcomes of all of
the existing obesity prevention programs across all age groups
were modest and there were few replication studies of any
program suggesting that the need for targeted interventions exist
[35]. Three of the females in our follow-up focus groups
reported that they used the preinstalled diet-tracking application,
which was corroborated by data from the EMA text messages.
They all reported that they used the application for only a few
days because they forgot to continue using it or stopped their
diet and did not want to feel guilty. Two participants
recommended that we send push notifications to remind them
to encourage continual use of the application in the future. These
findings may be useful for informing the design of obesity
prevention programs for adolescents, but further study is
necessary.

Limitations to our study included a convenience sample that
may not be representative of all ethnically diverse adolescents,
particularly as they were recruited from one area of New York
City. Even so, our sample had similar mobile technology use
as other adolescents in the United States; past research has
shown that 1 in 3 adolescents sends more than 100 text messages
a day [16], while our participants sent an average of 84 (SD
91.72) texts per day. Another limitation of our study was the
use of EMA. As with all self-report measures, there was no
independent check on the veracity of the data, because all data
were collected in the absence of the experimenter. In addition,
since the browsing history of our participants was not assessed,
responses to the text messages could be inaccurate owing to a
number of factors including stigma. Finally, our technology
was limited and did not have a decision tree associated with it
to provide responses and feedback to our participants. This may
have limited participants’ willingness to continue sharing their
health information needs.

Findings from our study indicated the usefulness of text
messaging technology as a tool for assessing adolescents’health
behavior in the context of their daily lives. Our study
demonstrated that adolescents are willing to use text messaging
to report their health information. Moreover, adolescents in our
study provided useful information for the development of future
health behavior tools using mobile technology.
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Abstract

Background: A common denominator of modern hospitals is a variety of communication problems. In particular, interruptions
from mobile communication devices are a cause of great concern for many physicians.

Objective: To characterize how interruptions from mobile devices disturb physicians in their daily work. The gathered knowledge
will be subsequently used as input for the design and development of a context-sensitive communication system for mobile
communications suitable for hospitals.

Methods: This study adheres to an ethnographic and interpretive field research approach. The data gathering consisted of
participant observations, non-structured and mostly ad hoc interviews, and open-ended discussions with a selected group of
physicians. Eleven physicians were observed for a total of 135 hours during May and June 2009.

Results: The study demonstrates to what degree physicians are interrupted by mobile devices in their daily work and in which
situations they are interrupted, such as surgery, examinations, and during patients/relatives high-importance level conversations.
The participants in the study expected, and also indicated, that wireless phones probably led to more interruptions immediately
after their introduction in a clinic, when compared to a pager, but this changed after a short while. The unpleasant feeling
experienced by the caller when interrupting someone by calling them differs compared to sending a page message, which leaves
it up to the receiver when to return the call.

Conclusions: Mobile devices, which frequently interrupt physicians in hospitals, are a problem for both physicians and patients.
The results from this study contribute to knowledge being used as input for designing and developing a prototype for a
context-sensitive communication system for mobile communication suitable for hospitals. We combined these findings with
results from earlier studies and also involved actual users to develop the prototype, CallMeSmart. This system intends to reduce
such interruptions and at the same time minimize the number of communication devices needed per user.

(J Med Internet Res 2013;15(3):e56)   doi:10.2196/jmir.2473

KEYWORDS

Ethnography; Mobile communication; interruptions; Context-aware computing; Pervasive computing; User-centered design
methods; Health care; Pagers; Wireless phones; CSCW; HCI

Introduction

The work setting in hospitals is communication intensive and
can lead to significant difficulties related to interruptions from

other co-workers [1-4]. One suggested solution for this problem
is to implement wireless phone systems [5-7]. Such systems
offer a number of advantages over traditional paging systems,
such as not requiring the staff to find a phone after being paged.
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Moving from wired phones to wireless communication platforms
has a significant impact in the future of health care delivery
systems [8]. Mobile phones’ interference with electronic
equipment is, according to [9], not an issue anymore, or it can
be solved by the solutions in [10].

The adoption of wireless phones, however, does not come
without risk. Psychological theory [11] and empirical evidence
[12] both suggest that wireless phones have the potential to
create additional problems related to interruptions, such as
conversations and questions that would not normally occur,
when compared to using traditional paging systems. This has
caused some hospital staff to resist the adoption of wireless
phone systems when given the opportunity [13]. Further studies
regarding the nature and effects of interruptions from wireless
phone systems in hospitals have thus been suggested [14].

There have been many suggestions on how to reduce
interruptions from mobile devices over the years. Many of these
systems are based on using contextual information to reduce
interruptions. Some of these systems change the configuration
of the phone automatically [15-18] and includes quiet calls
where the receiver could negotiate with the caller through text
or pre-recorded audio messages. However, this negotiation does
not reduce personal interruptions in that the user must still act
when receiving a call. Other systems focus on giving the caller
information about the receivers’ context and thereby helping
the caller make decisions on when to call [19-21]. Avrahami et
al discovered that if they provided the caller with contextual
information about the receiver’s situation, it reduced the
mismatch between the caller’s decision and the receiver’s desires
[22]. To our knowledge, none of these systems has been tested
in hospital settings.

Hospitals are dependent on a wide and reliable communication
infrastructure for exchanging different kinds of data, including
text, voice, and alarm services. Several studies aiming to
improve communication and reduce interruptions have been
carried out, also within hospital settings, without major success
[3,5-7,23,24]. Personal Digital Assistants (PDAs) have also
been tested in a contextual message exchange system without
major success [25]. Other systems, like the AwareMedia and
AwarePhone systems of Bardram et al [26,27], support
context-sensitive communication and form a complete
communication system for clinicians in a surgical ward. The
AwarePhone system is an application running on a mobile phone
(GSM/3G) that is not integrated in the hospital’s internal
communication infrastructure, therefore, it requires the user to
carry another device. The feedback from its users focused on
privacy issues as one of the major drawbacks.

In this paper, we present an interpretive case study regarding
interruptions from mobile devices at a large hospital in Norway,
which started implementing a pervasive wireless phone system
in 2006. This setting offers the opportunity to gain perspective
from health staff with several years of experience using wireless
phone systems. The goal of the study was to characterize a
physician’s workday, focusing on wireless communication. The
aim was to understand the health care workers’ communication
pattern and how unnecessary interruptions from mobile devices
can be reduced: in which situations, what context, and which

location. Such design-oriented studies using methods from
computer-supported cooperative work have been suggested for
medical informatics systems in general [28], and medical
collaboration systems in particular [29], in order to improve
their overall effectiveness and success rate upon implementation.
This knowledge contributes to medical informatics by improving
understanding of the effects of the use of wireless phone systems
and is used as input to the overall sociotechnical development
of a wireless communication system for hospitals.

Methods

Research Setting
The study was conducted at St. Olavs Hospital, Trondheim
University Hospital, Norway, which is a health enterprise in
Mid-Norway health region that consists of 695,000 inhabitants
in total. St. Olavs Hospital is under renovation, and the hospital
project consists of the construction of new buildings and a new
hospital organization. The first new clinical centers were
completed in 2006, and the entire project will be completed in
2015. The new St. Olavs hospital is a technologically advanced
hospital, and the communication system is one of the world’s
most modern hospital communication systems. The existing
system is based on wired and wireless (Internet Protocol)
IP-phones from Cisco. The wireless IP-phones are the
technology of interest for this research. The model in use at the
studied hospital is the Cisco 7921G wireless phones. They also
use an old paging system, both for on-call duty pagers and
personal pagers, and a GSM-based on-call duty phone in parallel
as back-up, since the older parts of the hospital do not have
coverage for wireless IP-phones. The pagers were from different
vendors but were all of the simple type that can receive only
the number from the caller. The GSM-phone was an ordinary
Nokia mobile phone. Most of the physicians also carried a
private mobile phone.

Two separate clinics were included in the study: the Ear, Nose,
and Throat (ENT) Clinic and the Child and Youth (CY) Clinic.
Two clinics from the same hospital were included in order to
provide a broader understanding on the usage and experiences
of wireless phones, compared to studying only one clinic. This
also provided us the opportunity to compare and contrast the
data collected between the separate clinics.

Research Method
The study adheres to an ethnographic and interpretive field
research approach [30-33]. Ethnography and participant
observations represent a uniquely humanistic interpretive
approach [33]. Interpretive research has the potential to explain
the human thought and action in a social and organizational
context [31]. Principles for trusted pervasive health have also
been under consideration [34,35].

Data gathering conducted by the first author consists of
participatory observations, nonstructured and mostly ad-hoc
interviews, and open-ended discussions of a selected group of
physicians at various levels of hierarchy and roles, within two
clinics at St. Olavs Hospital. The participatory observer
(hereafter referred to simply as “observer”) was from a different
institution at a different location than the hospital where the
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study was performed. The observer’s background is computer
science, communication, and medical informatics, and he was
not medically trained to perform this study. This was fully
understood by the participants, who were also aware that the
observer was a researcher. The observer signed a nondisclosure
agreement regarding sensitive information prior to the
observations.

Participant Observations
The fact that peoples’descriptions of their activities often differ
from what really occurs in practice is one of the main rationales
for doing observations. There can be several reasons for this
phenomenon, such as the limitation of the human memory,
people not always being aware of their actual behavior, peoples’
concern with their image (and therefore giving a better story
than the real one), and also the complexity of social life causing
different people to report differently.

The observer followed the independent work of 11 physicians,
including 2 cancer teams and 2 surgical teams at two clinics,
for a total of 135 hours during May and June 2009. The purpose
of the work was to observe the daily work of physicians and to
interview them, focusing on interruptions from mobile devices.
The observer stayed at the ENT clinic for a total of 65 hours:
26 hours observing assistant physicians and 39 hours observing
chief physicians. At the CY clinic, he stayed for a total of 70
hours. 15 hours were used to observe assistant physicians, 47
hours observing chief physicians, and 8 hours to observe one
chief and one assistant physician working on a cancer team.
The observer took the role of a first-year medical student,
dressing and acting like a physician to blend in as much as
possible for a more realistic picture of the communication
situation at the clinic. This technique is often referred to as
“shadowing” [36]. He followed each physician in their everyday
work at outpatient clinic, surgery, cancer meetings, etc, for at
least 2 workdays/nights/duties. The head of the clinic chose
physicians and roles to form an average representation of the
physicians and roles at the clinic. The observer had to contact
each physician to make an appointment for each observation,
which was done during the morning meeting at each clinic.
There were some changes of the selected physicians and roles
due to shifts, which resulted in increased observing hours and
did not influence the representativeness of the clinic. The
observer registered every call/page/message, type of device,
reaction, and context for each physician. Depending on the
situation, he also asked questions related to the context and the
communication device used.

Data were recorded using pen and paper on a self-constructed
four splitter form, registering: situation, device, time (start -
stop), and reaction/response (meaning, answer or not, by whom,
what context, etc). The reaction/response was recorded as free
text notes. The questions made by the observer were related to
the context and the communication device (if any). They were
asked directly after the event, and the answers written down in
free text notes on the form. We do not believe this had any effect
on the subjects’ behavior and the generalization of the results,
due to the nature of the questions: “Was this a call related to
your professional role on duty or role-independent personal
call?”, “Was this considered as an important call that you had

to answer, or was it a more general question that another
physician could have answered?”, etc. In most of the cases, the
subject informed the observer unsolicited. The decision about
using pen and paper instead of a digital device such as a PDA,
as used in [37-40], was made since these physicians did not use
these kinds of devices in their daily work. This helped the
observer blend in as much as possible in the health care workers
settings and avoided unintended attention paid by the workers
to the observations.

Interviews/Discussions
Interviewing is also an important method within ethnography.
Interviews increase understanding of what has been observed
and the subjects’ perspective of a specific situation. One way
to interview is during an on-going activity like we did, during
the observations. In this way, we connected the observations
with the interview and therefore got answers to questions about
the observed activity, which helped us understand the situation
from the subjects’ perspective.

During the observation period at each clinic, the observer had
office accommodation in an open-plan office among the assistant
physicians. This created the opportunity for several discussions
and also the collection of input on how to improve the
communication system—mostly on improving the user
experience, but also on how to reduce the interruptions. While
observing the physicians, the observer was allowed to interview
and talk to the physicians, but he remained quiet during patient
consultations. All questions and discussions, both during
observation and office time, were conducted in Norwegian and
notes were taken from them, but not recorded. Interview guides
were not used, but there were questions related to context and
what was observed. Some of the questions were asked of all
participants, while others were specific to the situation. The
initial focus of the interviews and discussions was the use of
wireless mobile communication devices regarding improvement
of interruption management.

Data Analysis
Data analysis was conducted concurrently with the data
collection process using Grounded Theory. Initial data analysis
began with the first author reviewing all the notes and reflecting
on some general issues that seemed inherent to the data. It was
clear at this point that, despite there being some similarities,
there also were differences with respect to the two clinics. A
decision was then made to analyze the data from the two clinics
separately. For each section the data were analyzed around five
basic themes: (1) frequency of interruptions, (2) the clinical
situation, (3) context [41], which included location, (4)
comparisons of pagers vs wireless/mobile phones, and (5)
answered or not vs returned call after a page, and the importance
of the call. Exploring these data was an adequate approach to
gaining an understanding of the communication in hospitals.
The data indicate the communications’ frequency, length, and
importance, if they were interruptive or not, and the reaction
from the user. Analyzing log data is a satisfactory approach to
mapping out the actual communication patterns. It is also a
useful approach to visualize the numbers and the length of
communication sessions, and how often the users were
interrupted unnecessarily. Analyzing observed situations and
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then comparing them with comments and answers during the
interviews and discussions worked well for mapping the
communication situation and capturing and understanding
potential changes over time.

Results

Although there were many similarities between the two clinics,
there were also a number of differences regarding
communication patterns and the handling of different situations.
The results from the clinics are therefore presented separately.

A general similarity between the clinics was that each physician
at both clinics carried at least one wireless IP-phone, one on-call
duty pager, and one private mobile phone. Some of them, mostly
assistant physicians, also carried a personal pager and, during
evening and night duty, a backup GSM phone was also required.
To use the wireless IP-phone, the physician had to personally
log on to the phone, and if they also were responsible for a role,
they had to log on to that role too. When referring to a physician,
we will call them Phys-A to K, and nurses as Nurse-A to F.

Ear, Nose, and Throat Clinic
The Ear, Nose, and Throat (ENT) clinic has a regional function
for the Mid-Norway health region. The clinic treats problems
that the general practitioners or private specialists in ear, nose,
and throat, have not been able to treat. The clinic also
incorporates jaw- and eye- units, but we concentrated our
observations to the ENT-unit, which consisted of the following
sections: outpatient clinic, surgery, and inpatient ward. The
clinic takes care of work-up, diagnostic, medical, and surgical
treatment within cancer, nose, sinus treatment, etc. We observed
assistant physicians’ role as on-call duty at the inpatient ward
and outpatient clinic, in surgery, and also observed the chief
physician’s role as on-call duty at the inpatient ward, outpatient

clinic, in surgery, and in cancer meetings. A cancer meeting
was a team of physicians meeting/examining and treating cancer
patients.

Frequency of Interruptions
One of the assistant physicians, Phys-A, said on the first day of
observations: “It varies a lot how much we are interrupted from
various mobile devices. The busiest time is definitely between
8 in the morning and 7-8 in the evening”. However, only a few
hours that we observed at this clinic were considered as
“normal” regarding interruptions. Table 1 shows all interruptions
from mobile devices received by the participating physicians
at this clinic.

During the observations the physicians and/or their nearest
colleagues commented on the frequency of interruptions during
the day. A chief physician, Phys-B, stated one day during
outpatient clinic: “Unusually quiet on the phone today or
actually it has been this quiet all week. It seems like many have
started their vacation”, and a theatre nurse, Nurse-A, said during
a surgery, “This has to be the first surgery I’ve performed
together with NN where he has not been constantly interrupted
by the phone”. During a cancer meeting, the chief physician,
Phys-B, said, “This is a quiet day regarding calls, but it is
publicly known at the clinic which days I have these meetings”,
which was continued by the head nurse, Nurse-B: “The phone
should not ring when we are in these kind of meetings. The rule
is that a secretary answers the phone and takes messages”. Even
though most of the observation hours at this clinic were
considered as “quiet”, Table 1 show that they were interrupted
several times in situations when they should not have been
unnecessarily interrupted. Most of the interruptions were
mentioned afterwards as “not important” and could have been
postponed until the physician becomes available, or answered
by others.
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Table 1. Overview of total amount of interruptions from mobile devices at ENT during observation time (only interruptions from the followed physicians’

devices, except for g, which was a nurses’ phone brought to the physician).a

Chief physicianAssistant physician

Preparatory/complementary work

8a3aAnswered

Ignored

Outpatient ward

No patient

3a1bAnswered

Ignored

With patient

2a,8b,1c, 3e,1gAnswered

Ignored

Inpatient ward

No patient

1aAnswered

Ignored

With patient

Answered

1aIgnored

Surgical theatre

5a1aAnswered

1aIgnored

Meeting

2a3aAnswered

Ignored

Cancer meetings

3a, 1bAnswered

1a, 2bIgnored

Other situations

11a1a, 1bAnswered

Ignored

aa=wireless IP-phone; b=on-call-duty pager; c=backup on-call-duty GSM-phone; e=Wired IP-phone; g=other

While observing in the outpatient clinic, we discovered that the
health care workers at the clinic often sought the physician in
outpatient duty “in-person” instead of calling him/her. In this
way, they grasped the context immediately and knew if they
could interrupt or not. We also observed that the less
experienced physicians often used the nurses to contact the
experienced physicians, instead of calling them themselves. In
this way, they could continue their own work while waiting for
an answer. We observed such situations at the outpatient clinic,
where normally a nurse came into the room and brought her
own wireless IP-phone to the physician, and asked if he/she
could answer a question from the caller.

Another situation that was observed was that calls/pages during
meetings/lectures at the clinic normally were answered. This
was also pointed out by the head of the clinic:

There are only two physicians that have on-call duty
during each meeting/lecture, but regardless, everyone
immediately answers incoming calls/pages… This is
not necessary, and the most annoying part is when
the person picks up the phone and starts to talk on
their way out.

Interruptions During Surgery
Table 1 show that physicians at this clinic also responded to
phone calls during surgery. In this case, rather than answering
the phone themselves, somebody else in the room answered the
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call for them, normally a nurse or another physician. The person
who answered the phone either took a message or held the phone
up to the physician’s ear. After such an incident during a surgery
where the theatre nurse, Nurse-B, answered the chief physician’s
phone and held the phone up the physician’s ear, she said:

Normally we only take messages or convey the
question to the physician, but, like now, if it is ok for
the physician, we could hold the phone for the
physician, which happens rarely. Most of the calls
are questions that could be conveyed by the nurse
and then answered through the nurse. Normally after
a surgery, there are more or less 10 messages waiting
for the physician that could be difficult to manage.
Most of these calls have to be returned anyhow.

We also observed that the pager was left in the physician’s coat
outside the surgical theatre, and they brought with them only
their private mobile phone and the wireless IP-phone.

Wireless Phones vs Pagers
The physicians at the clinic appeared to be pleased with carrying
a wireless IP-phone, and during discussions about carrying
wireless phones in the new hospital compared with pagers, a
chief physician, Phys-B, said:

People are generally satisfied with carrying phones
compared to the old days when we only had pagers,
but it took a while to adjust to the new system. After
some time you learn to screen the calls, the important
ones from those that are not so important. With a
pager you never know, and you therefore have to
return the call as soon as possible.

In response to the question about the phone being more
interruptive compared to the pager-only situation, he said: “The
phone is less interruptive compared to the pager. I do not know
if it is me who has been better at telling people when I’m
available and managing the communication, or if it is the others
who have been better.” This also seemed to be the general view
at this clinic. Another important point regarding why there may
be fewer interruptions from the phone compared to when they

had only pagers, was made by a chief physician, Phys-E: “If
you call someone and they are busy, and your interruption is
not important enough, you risk an unpleasant situation, while
paging someone is not that risky…”.

Child and Youth Clinic
The Child and Youth (CY) clinic treats patients aged between
0-16 years, mainly from the mid-Norway health region, but also
from other parts of Norway. The clinic consists of 10 units,
where we concentrated on the outpatient child and youth unit,
cancer and blood diseases unit, and child and newborn intensive
care units. We observed one general chief physician, one
newborn intensive care chief physician, one chief physician in
cancer and blood diseases, two assistant physicians, in two roles:
primary watch duty and intermediate watch duty, which are the
primary and secondary on-call-duties at this clinic.

Frequency of Interruptions
The frequency of interruptions from mobile devices during
observation time at this clinic were considered as “normal” most
of the observation days, except for one day observing a chief
physician, Phys-F, at the outpatient clinic who (for a period)
worked there only once a week: “It will probably be quiet on
the phone today, I’m seldom here, so it depends if anybody
knows I’m here”. The other days were more normal, like another
chief physician, Phys-I, illustrated: “This is an average day
regarding the number of calls. You know we pediatricians are
so ‘kind’ and therefore easy to call/contact…”. Table 2 shows
all interruptions from mobile devices received by the
participating physicians at this clinic. However, some of the
days had periods that were rather busy, which was illustrated
by an assistant physician, Phys-H, when he announced in
frustration after a phone call and an incoming page: “If
somebody tries to call me on the phone, and it is busy, they
page me, why? I’m busy on the phone and cannot return the
call immediately.” Another assistant physician, Phys-G, also
expressed her frustration after several interruptions: “I really
want a system that could separate the important/critical calls
from those that could wait.”
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Table 2. Overview of total amount of interruptions from mobile devices at the ENT clinic during observation time (only interruptions from the followed

physicians’ devices, except for g, which was a nurse’s phone, brought to the physician).a

Chief physicianAssistant
physician

Preparatory/complementary work

7a2a, 2bAnswered

Ignored

Outpatient ward

No patient

5aAnswered

Ignored

With patient

1a, 1dAnswered

1aIgnored

Maternity/intensive/labor ward

No patient

3a, 1d2a,2b,1fAnswered

Ignored

With patient

6a, 1b, 1gAnswered

1a, 1g1bIgnored

Surgical theatre

1aAnswered

Ignored

Meeting

6a, 1dAnswered

Ignored

Conversation room

1aAnswered

1a, 1dIgnored

Other situations

17a, 3d6a,2b,1fAnswered

1b, 1dIgnored

aa=wireless IP-phone; b=on-call-duty pager; d=private GSM; f=personal pager; g=other

As shown in Table 2, the physicians at CY also ignored
incoming pages/calls, but the ignored pages/calls were not
actually completely ignored. They were either answered and
the caller was told that they would call back, or they hurried
with the examination and the call was ignored until they finished
or had a natural break in the examination.

Clinic Settings
The setting in the CY was slightly different than at ENT. The
pagers were used less, and role or function was seldom used
when they contacted each other. An assistant physician, Phys-G,
pointed out: “Nobody uses role or function. When they contact
each other, they call or page you personally”, and:

It is only an old habit if somebody still uses the pager
to contact you while you are on on-call duty. A
wireless phone should be enough to carry; actually
I hate the sound from the pager, I have turned it off
and I’m only using the vibration, and we don’t carry
the GSM-based on-call duty phone unless we’re
leaving the hospital.

The observer found that the on-call duty pager was in use also
at this clinic, but not as much as wireless phones. It was
observed only once that a chief physician was paged during
observation time, referring to a critical situation that the chief
physician had to attend immediately.
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Wireless Phones vs Pagers
The physicians at this clinic also stated their satisfaction in
carrying a wireless phone, and the majority of physicians also
argued that the phone is not more interruptive than the pager.
A chief physician, Phys-K, said: “The fact that we are carrying
a wireless phone these days is brilliant compared to previously
when we only had pagers. We are here to work and are supposed
to be available within the working hours, and it is also easier
to reach the other health care workers”. When questioned by
the observer on interruptions from today’s phones compared
with yesterday’s pagers, he answered:

With a phone in our pocket, you do not need to search
for a phone whenever you need to call or answer a
call. Another point is that I think there are fewer
interruptions compared with when we only had
pagers. Actually I think that pagers were slightly more
interruptive since we had to search for a phone every
time we wanted to return a call.

However, not all the physicians at this hospital were too happy
about being equipped with a wireless phone, and some of them
refused to carry one and would use only pagers. The observer
met an older surgeon several times who did not carry a phone.
This was commented on by one of the chief physicians, Phys-F:

Not everybody carries a phone even though they
should. They think that there is a higher threshold to
page than just to call? But they also need to locate a
phone and that takes a lot of their time. There is not
a phone on every corner anymore. These people have
not given the new phone system time; they do not want
changes and only want to keep the old pager system.

The observer discovered that this surgeon was paged several
times when we met, and then borrowed the wireless phone from
one of the other physicians/nurses nearby and in doing so also
disturbed another health care worker. Another chief physician,
Phys-K, announced after such an incident: “I am not too happy
with those who “hide” away…”.

Discussion

The purpose of this study was to learn about a physician’s
workday, focusing on wireless communication, and to identify
the potential to reduce unnecessary interruptions from mobile
devices: in which situations, what context, and which location
they should not be interrupted. Our aim was also to generally
understand the health care workers’ communication pattern.
Based on this study, but also previous studies done by members
of our project group [13,42], we argue that there is strong
evidence that interruptions from mobile devices represent a
problem in hospitals and that a solution to reduce such
interruptions is needed. Another important point, which some
of the participants in this study address, is that they may have
experienced fewer interruptions from wireless phones compared
to pagers, once people has been used to carrying a phone. This
issue has not been mentioned in previous studies and contrasts
a finding in Sweden where widespread use of phones seemed
to cause people to contact each other more often [43]. It suggests
that, although interruptions might be a problem when using

wireless phones, cultural shifts that develop over time in order
to handle these interruptions might be able to effectively reduce
the problem at some hospitals. An additional point made by one
of the chief physicians, Phys-K, at CY, was that he thought a
pager was slightly more interruptive since they had to locate a
phone, even interrupt somebody else to borrow a phone, every
time they wanted to return a page. This is related to the concern
about an increased level of interruptions after introduction of
wireless phones to all health care workers at a clinic. Some of
the physicians in [13] expected an increased interruptions rate
if wireless phones were introduced to all health care workers
in the department.

The results from our study are used as input in an ongoing
project [42,44,45] on designing an interruption management
system to reduce some of the unnecessary interruptions a
physician experiences throughout the day, and especially in
situations where they should not be disturbed. Examples of such
situations are: in surgery, during patient examinations, or having
high-importance level conversations with patients or relatives.

Strengths and Weakness of the Study
At the ENT clinic, we experienced quiet days with few
interruptions from mobile devices. On one hand, this could be
explained by the Hawthorn effect [46], but on the other hand,
most likely not, since this effect reduces over time; our study
lasted for almost 2 months and this did not change during our
observations. That is, most of the clinics’ workers were aware
of the project and that the observer was there to record
interruptions from mobile devices and therefore may have been
more careful in interrupting by calling or paging the physicians.
We also observed that the nurses and other health care workers
often sought each other out in-person and could therefore be
aware of the context before they interrupted. During discussions,
we became aware that this was not unusual and that it probably
did not happen more frequently during our observations. The
fact that the time we spent at the clinic was considered “quiet”
by the health care workers could be explained by findings from
earlier research regarding health care workers’ inaccuracy when
reporting incidents [47,48], which also could include
interruptions. But since it also was considered “quiet” regarding
patient consultations, it strengthens our belief that this was
representative of the normal situation. Therefore, we do not
consider the result from the study to be significantly influenced
by our presence at the clinic or by health care workers’behaving
differently. However, the fact that the observer dressed like a
physician and was presented as a researcher made him accepted
as “one of them”, which seemed vital to their communication
pattern and hopefully strengthened the study.

Findings That Conflict With Earlier Studies
The physicians in [13,42] were concerned about increased
interruptions if they carried a wireless phone instead of a pager
and that a phone call interrupts more than a page. When we
asked the physicians we met at St. Olavs Hospital if they thought
the phone was more interruptive than the pager after the
introduction of wireless IP-phones, some of them told us that
in the beginning, after providing wireless phones to every
worker at the clinic, this might be the case. However, they said
that after a while it would go back to the same level of
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interruptions, or even fewer interruptions with the phone. Their
explanation was that it was more unpleasant to call someone
and interrupt their work, than just page them. Even though the
participating physicians normally answered the phone and said
that they would call back, they thought that a page was more
interruptive than a phone call. When they were paged, they had
to locate a phone, which could result in interrupting others to
borrow a phone to return the call, since they never knew how
important the page was and therefore felt that they had to return
it right away. With a wireless phone of their own, they could
just pause what they were doing, answer the phone, sense if
they had to answer right away, or just say that they would return
the call, and finish up what they were doing before the
interruption. This interpretation from the participants could be
related to the fact that wired phones were not located “on every
corner” at this hospital, since everybody was supposed to carry
a wireless phone, and by borrowing a phone, they felt that they
were disturbing others. A solution could be a combination of a
pager for incoming calls and a wireless phone for outgoing calls
like some of the physicians in [13] used. However, this solution
would not solve the problem of knowing who is calling or the
importance of the call. Another important consideration to have
in mind about interruptions by phones vs pagers, is that since
the subjects of the study had carried their own wireless phone
for up to 3 years, it could be related to inaccurate reporting and
retention and that the users got more used to the phone compared
to the pager.

The display on top of the pager seemed to be an important
feature for the physicians at the University Hospital of North
Norway [13]. This display made it easier for them to see who
was paging them. The physicians in this study, at St. Olavs
Hospital, did not think this was important. The feedback was
that such a display could be useful but not critical for the overall
usability, and it is difficult to know anything about the
importance of the call just from a number. We also discovered
that only a few of the physicians who carried a phone and a
pager, did carry the pager in a way where it could be easy to
read the display.

Summary and Future Work
We conclude from this study, but also from earlier studies
[13,42], that physicians in hospitals are interrupted unnecessarily
by mobile devices in situations where such interruptions should
be avoided. The introduction of IP-based phones at St Olavs
Hospital has shown that this transition in itself is not sufficient
to reduce the number of interruptions for the physicians. The
study illustrates the need for an integrated context-sensitive
phone system that reduces unnecessary interruptions and
eliminates the use of multiple communication devices.

We believe, by knowing and understanding the physicians’
working conditions and the nature of such interruptions and
also by involving the physicians in the design process, it is
possible to make a system suited for their communication pattern
and working conditions. The lack of user involvement is an
important issue to consider when designing and developing
eHealth applications [49]. This study contributes to such
knowledge and is used as input in an ongoing project on
designing and developing a context-sensitive communication
system: CallMeSmart. Context sensing when developing mobile
medical applications has also been a success within other studies
of medical Internet research [50]. Our system is designed to
reduce unnecessary interruptions from mobile devices in
situations where interruptions should be avoided, such as, when
they are in surgery dressed in sterile clothing, during patient
examination in outpatient clinic, having high-importance level
conversations with patients/relatives. It is also designed to
eliminate the need of multiple communication devices for each
user. The system is supposed to sense the context of each user
automatically, change the physicians’ availability and the
phones’ profile according to the context information, and also
give the caller feedback about the physicians’ availability. As
such, we are developing a prototype for a context-sensitive
mobile communication system suitable for hospitals, called
CallMeSmart. CallMeSmart is being developed using input
from this study in combination with outcomes from [42,44,45],
and we are involving real users in the design and testing process.
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Abstract

Background: There is increasing interest in finding novel approaches to reduce health disparities in readmissions for acute
decompensated heart failure (ADHF). Text messaging is a promising platform for improving chronic disease self-management
in low-income populations, yet is largely unexplored in ADHF.

Objective: The purpose of this pre-post study was to assess the feasibility and acceptability of a text message–based (SMS:
short message service) intervention in a largely African American population with ADHF and explore its effects on
self-management.

Methods: Hospitalized patients with ADHF were enrolled in an automated text message–based heart failure program for 30
days following discharge. Messages provided self-care reminders and patient education on diet, symptom recognition, and health
care navigation. Demographic and cell phone usage data were collected on enrollment, and an exit survey was administered on
completion. The Self-Care of Heart Failure Index (SCHFI) was administered preintervention and postintervention and compared
using sample t tests (composite) and Wilcoxon rank sum tests (individual). Clinical data were collected through chart abstraction.

Results: Of 51 patients approached for recruitment, 27 agreed to participate and 15 were enrolled (14 African-American, 1
White). Barriers to enrollment included not owning a personal cell phone (n=12), failing the Mini-Mental exam (n=3), needing
a proxy (n=2), hard of hearing (n=1), and refusal (n=3). Another 3 participants left the study for health reasons and 3 others had
technology issues. A total of 6 patients (5 African-American, 1 White) completed the postintervention surveys. The mean age
was 50 years (range 23-69) and over half had Medicaid or were uninsured (60%, 9/15). The mean ejection fraction for those with
systolic dysfunction was 22%, and at least two-thirds had a prior hospitalization in the past year. Participants strongly agreed that
the program was easy to use (83%), reduced pills missed (66%), and decreased salt intake (66%). Maintenance (mean composite
score 49 to 78, P=.003) and management (57 to 86, P=.002) improved at 4 weeks, whereas confidence did not change (57 to 75,
P=.11). Of the 6 SCHFI items that showed a statistically significant improvement, 5 were specifically targeted by the texting
intervention.

J Med Internet Res 2013 | vol. 15 | iss. 3 | e53 | p.125http://www.jmir.org/2013/3/e53/
(page number not for citation purposes)

Nundy et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:shantanu.nundy@gmail.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: Over half of ADHF patients in an urban, largely African American community were eligible and interested in
participating in a text messaging program following discharge. Access to mobile phones was a significant barrier that should be
addressed in future interventions. Among the participants who completed the study, we observed a high rate of satisfaction and
preliminary evidence of improvements in heart failure self-management.

(J Med Internet Res 2013;15(3):e53)   doi:10.2196/jmir.2317

KEYWORDS

heart failure; self-care; patient education; cellular phone; text messaging; African Americans

Introduction

Despite major scientific advances, heart failure continues to be
a common and costly condition, and each year over 1 million
people are admitted to an inpatient setting for acute
decompensated heart failure (ADHF) [1,2]. National attention
has turned toward reducing 30-day readmissions for ADHF,
partially because financial penalties from the Centers for
Medicare and Medicaid Services (CMS) for higher than
expected rates of readmissions began in October 2012 [3,4].
This problem is particularly salient to hospitals serving larger
proportions of African Americans because these patients have
higher rates of readmissions than white patients [5-7]. Thus,
there is an urgent need for low-cost solutions to reduce heart
failure readmissions in African Americans.

Approximately 40% of ADHF hospitalizations are preventable
because of varied factors, such as dietary indiscretion,
medication nonadherence, and lack of timely medical
consultation [8]. Patient nonadherence to heart failure drugs
ranges from 30% to 60% and nonadherence to lifestyle
recommendations ranges from 50% to 80%, with higher rates
occurring in socioeconomically disadvantaged groups [9].

Mobile technology, in particular text messaging (also known
as SMS: short message service), is emerging as a promising
platform for chronic disease management in low-income
populations [10,11], in part because it has high rates of
utilization across socioeconomic groups [12,13]. Recent studies
of mobile phone-based telemonitoring interventions in heart
failure have demonstrated mixed success in reducing heart
failure readmissions [14,15]. However, these interventions were
not designed or evaluated in African American patients and
may not be as effective in these populations. For one, these
interventions typically required Internet- or Bluetooth-enabled
phones, which may not always be available in these
communities. Second, these interventions largely focused on
telemonitoring rather than self-management support. The results
of a recent large multicenter clinical trial found that
self-management education was effective only in low-income
patients (<$30,000 family income) [16], suggesting that a
one-size-fits-all approach to improving heart failure outcomes
does not work, and that self-management education is
particularly effective in vulnerable health populations.

In this study, we pilot-tested a text message–based
self-management intervention in an urban, largely African
American population for 30 days following hospitalization for
ADHF. Our study aims were to assess the feasibility and
acceptability of the intervention and to test the hypothesis that

the intervention was associated with improvements in
self-management.

Methods

Patient Recruitment
After study approval was obtained from the Institutional Review
Board, patients were recruited from the University of Chicago
Medical Center (UCMC) inpatient cardiology service. Patients
were recruited until target enrollment was achieved from
November 2011 to January 2012 for a 4-week study. Informed
consent was obtained prior to recruitment. Eligible patients
included adult patients over the age of 18 years who were
diagnosed with ADHF either with decreased or preserved
systolic function as determined by the admitting physicians.
Because the intent of the study was to provide self-management
support, individuals who were not their own primary caregiver,
were being discharged to a rehab facility, or who had poor
mental status (Mini-Mental score<17) were excluded [17]. In
addition, patients who did not have access to a personal mobile
phone were not eligible for enrollment.

Consent was obtained from the attending physicians for
contacting their patients for enrollment. Discharge planners
were encouraged to notify the study team of any new admissions
for ADHF. Study participants received $30 for study
participation and to offset the costs of text messages. They were
also provided with a scale to measure their weight.

Study Design
The pilot was designed as a single-arm prospective study. The
primary endpoint was change in the Self-Care of Heart Failure
Index (SCHFI), a well-described measure of self-management
in heart failure [18], which was administered at enrollment and
at the end of the 30-day intervention. In addition, a mobile phone
usage survey was administered on enrollment [19], and
demographic and clinical data were obtained through chart
review. At the completion of the intervention, a telephone-based
patient experience survey, including Likert-scale and open-ended
questions, was administered [19].

Study Intervention
A text message communication platform developed for health
researchers, SMS-Care (mHealth Solutions LLC, New York,
NY, USA), was used for this study. Participants were enrolled
in SMS-Care prior to discharge from the hospital and began
receiving text messages on their personal cell phones the day
after discharge. Text messages were composed to reflect
literature published for patient education by the American Heart
Association [20]. In addition, language similar to that used by
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the UCMC inpatient heart failure education team was
incorporated into the texts. For a 30-day period, each participant
received automated messages in the following domains:

1. Medication adherence: a daily reminder message (eg, “Time
to take your heart failure medications”) and a biweekly
adherence question (eg, “Did you take all your heart failure
medications today?”)

2. Dietary compliance: educational messages (eg, “Remember
to avoid salt. Items high in salt include canned soups, deli meats,
and fried foods.”)

3. Appointment adherence: a reminder 48 hours before and the
day of their cardiology or primary care follow-up appointments
(eg, “Please remember to go to your appointment with Dr. Smith
today. Take all your medicines with you.”)

4. Heart failure signs and symptom recognition: warning signs
of heart failure (eg, “Know the signs of fluid buildup: your
weight going up, swelling of your legs, and having trouble
breathing.”)

5. Management if experiencing symptoms (“Have you noticed
that your legs are swollen or are you having trouble fitting into
your shoes? If yes, call your physician.”)

6. Health care navigation: knowing how to get in touch with
cardiologist, obtaining medications after discharge (“If you have
not done so already, make sure you have all the medicines that
you were discharged on.”), and dealing with complications of
paying for medications (“If you’re having trouble paying for
your medicines, please make sure your doctor knows about
this.”)

Each participant’s text message programming was personalized
to reflect his/her medication regimen and follow-up
appointments. Participants were provided a tutorial on receiving,
reading, and sending text messages on enrollment. At the time
of enrollment, each patient was sent a test message and replied
to it, ensuring basic competency with the use of text messages.
Participants were regularly reminded that the system was
automated and was not an emergency response system.

Data Analysis
Per the most recent scoring procedure [18], raw scores from the
SCHFI were tabulated into standardized 100-point scales:
maintenance, management, and confidence. Preintervention and
postintervention scores for each scale were compared using

paired t tests. Individual items were compared using Wilcoxon
rank sum tests. Stata version 11 was used for the analysis
(StataCorp LP, College Station, TX, USA).

Results

Study Recruitment and Sample Characteristics
Of 61 patients initially identified for ADHF, 51 were
successfully approached for enrollment prior to discharge and
27 agreed to participate. Twelve of the patients approached did
not own a personal cell phone. An additional 6 patients did not
meet inclusion criteria because they failed their Mini-Mental
exam (n=3), needed a health care proxy (n=2), or were hard of
hearing (n=1). Only 3 patients approached for the study who
met all inclusion criteria refused to participate. Of the 27 patients
who met inclusion criteria, 15 were successfully enrolled. The
remainder were unable to be enrolled due to logistical barriers
(eg, off the floor, discharged early). Eight of 15 enrollees
completed the text messaging portion of the study. Of the
remaining 7 participants, 2 died, 1 was admitted to a subacute
facility, and 4 had technology issues, including their cell phone
being disconnected. A total of 6 participants completed the
entire study including preintervention and postintervention
surveys.

All but 1 participant in the study was African American (Table
1). The average age of participants was 50 years (range 23-69)
and 40% (6/15) were female. The majority had Medicaid as
primary or secondary insurance with Medicare or were
uninsured. Approximately half of participants (47%, 7/15) had
systolic heart failure. The mean ejection fraction for those with
systolic dysfunction was 22%, and two-thirds (67%, 10/15) of
all participants had at least 1 prior hospitalization in the past
year. Most participants were on evidence-based heart failure
therapies on admission including angiotensin-converting enzyme
(ACE) inhibitors (53%, 8/15) and beta-blockers (86%, 13/15).

Cellular Phone Use
Most participants (93%, 14/15) carried their cell phone with
them always or almost always (Table 2). All participants
reported being somewhat or very comfortable with text
messaging, although actual usage varied widely from 0 to 60
text messages per day. All but 1 participant had an unlimited
text messaging plan, and only one-third (33%, 5/15) of
participants in our sample had a smartphone capable of accessing
the Internet and running applications (apps).
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Table 1. Participant characteristics at enrollment (N=15).

StatisticBaseline characteristic

50 (23-69)Age, mean (range)

Race, n (%)

14 (93)African American

1 (7)White

Gender, n (%)

6 (40)Women

9 (60)Men

21 (18-22)Mini-Mental status, mean (range)

Insurance status, n (%)

3 (20)Medicare only

3 (20)Medicaid only

4 (27)Dual eligible

3 (20)Private insurance

2 (13)Uninsured

Medical history

8 (53)Preserved ejection fraction (EF) heart failure, n (%)

22.4 (9-47)Average EF for those with systolic heart failure (%), mean (range)

11 (73)Hypertension, n (%)

8 (53)Diabetes, n (%)

5 (33)Smoker, n (%)

8 (53)ACE inhibitor on admission, n (%)

13 (86)Beta-blocker on admission, n (%)

Admissions

6 (40)1 admission in the prior year, n (%)

4 (27)2 or more admissions in the prior year, n (%)

1 (0-7)Number of admissions in the prior year, median (range)
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Table 2. Prior participant experience with cellular phone calling and text messaging (N=15).

n (%)Baseline characteristic

5 (33)Owns a smartphone

14 (93)Unlimited text messaging

5 (33)Landline in addition to cell phone

Frequency with which carry cell phone

12 (80)Always

2 (13)Almost always

1 (6)Sometimes

Comfort level making or receiving calls

14 (93)Very comfortable

1 (6)Somewhat comfortable

Total calls made/received per day

0 (0)0

3 (20)1-5

3 (20)6-10

4 (27)11-20

5 (33)>20

15 (100)Have used text messaging feature before

Comfort level using text messages

10 (66)Very comfortable

5 (33)Somewhat comfortable

Total text messages sent/received per day

1 (6)0

4 (27)1-5

5 (33)6-10

1 (6)11-20

4 (27)>20

Participant Engagement
Although not required, participants were encouraged to text
back comments or responses to questions sent via text message.
Although responses were not read by research staff during the
course of the study, response rate was considered to be a marker
of patient engagement and could inform future program design.
Over the 30-day intervention, participants sent an average of
5.7 text messages (range 0-27) or approximately 1 message
every 5 days. Five participants did not send any text messages;
2 participants sent over 20 messages. Interestingly, both of these
participants were near the median in terms of prior usage of text

messaging, and 1 reported being only somewhat comfortable
with text messaging prior to the study.

Participant Experience
All (100%, 6/6) participants reported the highest level of
satisfaction with the mobile phone–based heart failure
self-management program (Table 3). Although most participants
(66%, 4/6) strongly agreed that the text messaging system was
easy to use and was helpful in improving self-management, a
minority (33%, 2/6) strongly disagreed with these statements.
Despite this, all participants agreed that they would recommend
the program to a friend or family member.
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Table 3. Participant evaluation postintervention (n=6).

Likert scale response, n (%)Survey question

Strongly
disagree

Slightly or moderately
disagree

Moderately or slightly
agree

Strongly agree

6 (100)Overall, I was satisfied with this study

1 (17)5 (83)It was easy to receive and read the text messages from the
research team

2 (33)4 (66)It was easy to send text messages to the research team

1 (17)1 (17)4 (66)I found the text message reminders to be helpful at decreasing
the number of pills I missed

1 (17)1 (17)4 (66)I found the text message reminders to be helpful at decreasing
the amount of salt in my diet

2 (33)1 (17)3 (50)I found the text message reminders to be helpful at decreasing
the number of doctor visits that I missed

1 (17)5 (83)I would recommend this cell phone reminder system to my
friends/family that have heart failure

During the open-ended survey, participants reported that the
intervention improved self-management directly by providing
reminders, but also indirectly by increasing disease awareness
and reinforcing the importance of self-management. They liked
that the system served as a reminder and provided feedback.
One participant stated, “I knew I wasn’t being forgotten,” and
another that, “It’s nice to know that someone cares.” Only 2
participants identified elements they did not like about the
system: 1 complained that it was hard for him to text and the
other wanted more text messages. Participants suggested
improvements such as providing more instruction on how to
text with the system and making the cost of texting with the
system free.

Change in Heart Failure
Self-Management

Participants’ responses to the SCHFI suggested that the
intervention was associated with improvements in heart failure

self-management (Table 4). On a 100-point standardized scale,
self-care maintenance improved from 49 to 78, representing an
increase of 28 points (95% CI 15-42, P=.003). Self-care
management increased from 57 to 86, or 30 points (95% CI
17-42, P=.002). There was no statistically significant change
in self-care confidence (57 to 75, 95% CI –6 to 43, P=.11).

Of the 22 individual items comprising the SCHFI, improvements
were seen in 6 items: weighing self, eating a low salt diet,
forgetting to take medicines, avoiding getting sick, contacting
physician in case of worsening symptoms, and confidence in
evaluating symptoms (Table 5). The text messaging intervention
specifically targeted content areas covered by 7 of the 22 SCHFI
items. For example, the intervention did not include any
messages about exercising or using pill counters. Of the 6
individual SCHFI measures that improved, 5 were specifically
targeted by the texting intervention. Of the 7 items targeted by
the intervention, 5 improved and 2 had no statistically significant
change.

Table 4. Self-Care of Heart Failure Index (SCHFI) scales preintervention and postintervention (n=6).

P valueDifference,

mean (95% CI)

Postintervention score,

mean (95% CI)

Preintervention score,

mean (95% CI)

SCHFI scale

.00328 (15-42)78 (68-88)49 (38-61)Maintenance

.00230 (17-42)86 (72-100)57 (42-71)Management

.1119 (–6 to 43)75 (70-80)57 (32-81)Confidence
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Table 5. Self-care Heart Failure Index (SCHFI) individual items preintervention and postintervention (n=6).

P valueaPostinterventionPreinterventionSCHFI Item

SEMeanSEMean

Maintenance

.030.213.30.271.6Weighing selfb

.030.213.70.272.4Eating low salt dietb

.020.211.30.221.9Forgetting to take medicines (lower is better)b

.050.5230.221.5Keeping to low salt diet when eating out

.160.173.80.253.3Checking ankles for swellingb

.450.333.70.233.3Keeping appointmentsb

.0460.173.80.272.9Avoiding getting sick

.160.43.20.242.4Physical activity

.110.562.50.151.3Exercising for thirty minutes

.510.612.70.343.1Using a pill system

Management

.020.3730.32Likelihood of contacting physicianb

.09040.312.4Realization of symptoms

.16040.33Likelihood of reduction in salt intake

.08040.282.8Likelihood of reduction in fluid intake

.280.6330.282.8Likelihood of taking extra diuretics

.110.333.30.311.9Thought that remedy helped symptoms

Confidence

.0460.213.30.222.8Confidence in evaluating symptomsb

.160.3730.132.4Confidence in remaining free of heart failure

.100.223.50.232.7Confidence in following treatment advice

.230.213.70.273.1Confidence in recognizing changes

.520.43.20.242.6Confidence in action to relieve symptoms

.730.312.80.242.6Confidence in evaluation of remedy

a Statistically significant values in italics.
b Relates to specific text messages.

There were no statistically significant differences in
preintervention SCHFI measures between the 6 patients who
completed the entire intervention and the 9 patients who did
not complete the intervention or who were lost to follow-up.

Discussion

We report the results of a text message–based self-management
intervention in patients discharged from the hospital with acute
decompensated heart failure (ADHF). To the best of our
knowledge, this is the first study of a text messaging intervention
for ADHF piloted in an urban, largely African American
population.

Principal Results
The text messaging intervention was associated with
improvements in self-care maintenance and management.

Guidance from the developers of the SCHFI suggests that an
improvement in either of these scales of 0.5 standard deviations
or 8 points is clinically relevant and that a cutoff score of 70
can be used to judge self-care adequacy [18]. We observed
increases in maintenance and management of 28 and 30 points,
respectively, suggesting that our findings are clinically
significant. Moreover, none of participants scored below 70
preintervention for maintenance, whereas all but 1 improved to
above 70 at follow-up; for management, only 1 participant
scored above 70 preintervention, but following the intervention
all participants scored above the 70 threshold.

Without a control, these results must be interpreted with caution.
In addition to a Hawthorne effect, participants were discharged
from the hospital and likely seen in clinic at least once or twice
between the preintervention and postintervention periods.
Self-management teaching at any of these time points, or simply
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improvement in health status, may account for the observed
improvements. However, it is notable that the specific SCHFI
items that improved were generally those targeted by the texting
intervention, implicating a causal link. Future studies should
validate these preliminary findings in a controlled trial.

A major aim of this study was to access the feasibility of text
messaging interventions in our patient population. Among
patients who met the inclusion criteria, 90% agreed to participate
in the study, which is high for our institution. Most participants
in our study were comfortable with text messaging and had
unlimited text messaging plans. This suggests that in our study
population, among those with access to a cell phone, text
messaging is a familiar and acceptable means of health care
communication. In contrast, only one-third of patients had
smartphones, suggesting that mobile phone–based interventions
requiring Web access or apps would have low feasibility in our
study population.

However, 24% of patients approached for recruitment did not
own a personal cell phone. This differs from national surveys
in which high rates of mobile phone access in low-income
populations are observed [12]. However, these surveys were
conducted in the general population, not hospitalized patients
with complex medical needs. Future studies in low-income
populations should consider providing participants cell phones
to improve accessibility.

There were considerable challenges to texting in our study.
Although all participants reported comfort in texting prior to
enrollment, we observed low participant response rates and
requests for additional training in texting. Although most
participants reported high levels of satisfaction with the system,
a few found the system difficult to use and not helpful in
improving self-management. More research is needed in how
to design technologies that are usable across a wide range of
patients and how to best target mobile phone–based
interventions to patients most likely to benefit.

Limitations
A major limitation of our study was the rate of completion and
loss to follow-up. Of the 15 participants enrolled, only 6

received the entire intervention and completed preintervention
and postintervention surveys. Although this largely reflects the
challenges with research in our study population, it may bias
the results toward those who responded favorably to the system.
The study also had no control group, so the effects on
self-management should be interpreted with caution. Finally,
this was a single institution study with a small sample size and
the results may not generalize to other patient populations.

Comparison With Prior Work
Prior mobile phone-based heart failure interventions have had
mixed results when studied in clinical trials [14,15]. In contrast
to our intervention, which focused on providing
self-management support, these studies used mobile phones
largely as telemonitoring devices. The Telemonitoring to
Improve Heart Failure Outcomes (Tele-HF) study, a large
negative multicenter clinical trial, demonstrated that
telemonitoring is not effective in reducing death or
hospitalization in patients recently admitted for ADHF [21]. In
our study, rather than facilitating in-between visit care by
providers, we aimed at building self-care skills through
reminders, encouragement, and patient education. Our study
builds on prior qualitative work suggesting that the effects of
mobile phone-based interventions in heart failure may go beyond
telemonitoring and increase patient empowerment [22], and a
recent clinical trial suggesting that self-management education
is particularly effective in low-income patients with heart failure
[16]. It also extends findings from other chronic diseases,
including diabetes, asthma, and human immunodeficiency
virus/acquired immunodeficiency syndrome, on the utility of
text message-based interventions in urban African Americans
[19,23-25].

Conclusions
Text messaging may be a useful tool for improving heart failure
self-management in urban African Americans after hospital
discharge. More research is needed to target enrollment to those
patients most likely to benefit and to evaluate outcomes in a
controlled trial.
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Abstract

Background: Depressive disorders and symptoms affect more than one-third of primary care patients, many of whom do not
receive or do not complete treatment. Internet-based social support from peers could sustain depression treatment engagement
and adherence. We do not know whether primary care patients will accept referral to such websites nor do we know which methods
of referral would be most effective.

Objective: We conducted a randomized clinical trial to determine whether (1) a simple generic referral card (control), (2) a
patient-oriented brochure that provided examples of online postings and experience (internal motivation), or (3) a physician letter
of recommendation (external motivation) would generate the greatest participation in a primary care Internet depression treatment
support portal focused around an Internet support group (ISG).

Methods: We used 3 offline methods to identify potential participants who had not used an ISG in the past 6 months. Eligibility
was determined in part by a brief structured psychiatric interview based on the Patient Health Questionnaire-9 (PHQ-9). After
consent and enrollment, participants were randomly assigned to 1 of 3 groups (control, internal motivation, or external motivation).
We constructed a portal to connect primary care patients to both fact-based information and an established ISG (Psycho-Babble).
The ISG allowed participants to view messages and then decide if they actually wished to register there. Participation in the portal
and the ISG was assessed via automated activity tracking.

Results: Fifty participants were assigned to the 3 groups: a motivation-neutral control group (n=18), an internal motivation
group (n=19), and an external motivation group (n=13). Of these participants, 31 (62%) visited the portal; 27 (54%) visited the
ISG itself. The internal motivation group showed significantly greater participation than the control group on several measures.
The external motivation group spent significantly less time logged onto the portal than the control group. The internal motivation
group showed significantly greater participation than the external motivation group on several measures.
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Conclusions: Referral of primary care patients with depressive disorders and symptoms to an ISG is feasible even if they have
never previously used one. This may best be accomplished by enhancing their internal motivation.

Trial Registration: Clinicaltrials.gov: NCT00886730; http://clinicaltrials.gov/show/NCT00886730 (Archived by WebCite at
http://www.webcitation.org/6F4981fDN)

(J Med Internet Res 2013;15(3):e42)   doi:10.2196/jmir.2197
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depressive disorder; Internet; primary care; support groups

Introduction

Mood disorders have a lifetime prevalence of 20.8% [1-3]. Many
Americans with a depressive disorder do not receive any
treatment, and many of those who do receive treatment either
do not receive high quality treatment or do not complete a full
course of treatment [4]. Chronic care and collaborative care
models have demonstrated benefit in improving process of care,
symptoms, and functional outcomes [5-7]. A key component
of these models appears to be support provided by case
management, which may act by improving adherence or
increasing patient activation [6,8]. However, these models are
often expensive and cumbersome to implement [7]. As the
number and quality of Internet models that provide self-directed
psychotherapy [9], education [10], or social support [11]
increases, so does the prospect for improving depression
outcomes without costly person-to-person interventions or
complex organizational changes [12]. Technology-based
depression interventions have shown considerable promise in
treating depression in select populations. However, the breadth
of appeal of Internet-based treatment outside of highly structured
surroundings, such as in school settings for children and
adolescents, is not known [13-19].

Internet sites offering peer-to-peer interaction may be
particularly attractive to laypersons. In Australia, peer-to-peer
and gaming models are widely used, including Reach Out!
which provides psycho-education regarding common adolescent
mental health problems [20]. Similarly, in the United States,
social media is commonly used to address health concerns.
Approximately 28% of Internet users are estimated to have
contacted an Internet support group (ISG) for a medical
condition or personal problem [21]. ISGs have several
advantages, including transcending geographic barriers,
facilitating disclosure (people will often tell a computer more
than to another person), and increasing access to diverse sources
of information. There is some evidence that use of ISGs for
depression may be associated with both reductions in depressed
mood and an increase in learning about depression [11,22].
Although we know little about how to engage primary care
patients with Internet-based models, it is theorized that social
engagement will be an essential component [17,23].
Unfortunately, many Internet-based interventions have high
dropout rates, ranging up to 75% of all participants [24].
Participants’ longer and more consequential involvement with
the Internet site and its direct personal relevance to the user
predict greater behavior change in Internet-based programs
[25,26]. Peer support and frequent updates may support
participation in ISGs [27,28]. A prerequisite for further

evaluations of the potential benefits of ISGs for primary care
patients with depressive illness is developing an effective
method of referral and ascertaining key predictors of
participation. Self-determination theory provides a framework
for evaluating possible referral methods. In this model, internal
source motivations based upon preferences for autonomy,
competence, and connection are superior to external source
motivations based upon financial incentives or recommendation
of an authority figure [2].

The aim of this study was to determine the most feasible and
effective methods to refer primary care patients with depressive
disorders and symptoms to an ISG. We examined whether
baseline attitudes based on the theories of motivational
interviewing, planned behavior, and self-determination predicted
Internet site participation [2,29], and we assessed whether a
structured approach to goal setting would increase ISG
participation [30]. We conducted a randomized controlled trial
to compare 3 different methods of referring primary care patients
with depressive disorders and symptoms to an ISG: emphasizing
internal motivation (patient-oriented brochure), emphasizing
external motivation (physician recommendation), and employing
neither motivational strategy (referral card with Internet
address). Interventions that require minimal physician
involvement are particularly useful in actual practice settings.
Because of this, the simple referral card is an important
consideration. Our hypotheses were that (1) primary care referral
(all methods) would be effective in engaging participants with
the ISG (ie, >30% of participants would visit the ISG), (2) the
physician letter recommendation (external motivation) group
would show the greatest participation, (3) attitudes toward ISG
participation would be important predictors of subsequent use,
and (4) email reminders would increase participation.

Methods

Study Design
This study included 9 key steps from initial recruitment to study
completion. We identified potential participants using 3
methods: (1) reading a poster in the waiting room and
self-referred, (2) completion of a statement of interest form in
their physician’s office after discussion with their physician, or
(3) completing a statement of interest at a public information
table in the primary care office. In step 2, those recruited through
reading a poster and self-referred or completing a statement of
interest form after discussion with their physician provided
consent to be called by study staff to learn more about the study
(those who signed up at the public information table in the
primary care office already knew about the study). Step 3 was
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a phone eligibility assessment. After providing consent for
phone eligibility assessment, the study coordinator conducted
a brief structured psychiatric interview based on the Patient
Health Questionnaire-9 (PHQ-9) [31]. Following eligibility
confirmation by both the principal investigator
(internist-pediatrician) and co-investigator (psychiatrist),
participants were offered enrollment in the study (step 4). There
was approximately a 7-day delay between initial eligibility
assessment and actual enrollment. At step 5, the study
coordinator met the participants at or near the primary care
office and conducted informed consent and enrollment. At this
time, the participants also completed a baseline written
questionnaire. In step 6 after consent and enrollment,
participants were randomly assigned (using a sealed envelope

with equal likelihood of assignment to all arms) to one of 3
groups: (1) referral card (neutral motivation group), (2)
patient-oriented brochure providing examples of online postings
and experience (internal motivation group), or (3) physician
letter of recommendation (external motivation group) (see Figure
1). Participation on the Internet was assessed via automated
activity tracking (step 7). Study staff contacted each participant
6 to 8 weeks after enrollment to evaluate depressed mood and
any concerns about their website experiences (step 8). In the
final step (step 9), each participant was asked to complete a
written poststudy questionnaire. The study was approved by
the University of Chicago Institutional Review Board. The trial
was prospectively registered (ClinicalTrials.gov NCT00886730).

Figure 1. CONSORT diagram.
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Inclusion and Exclusion Criteria
All eligible participants met the following criteria: (1) a PHQ-9
score of 8 or above with either depressed mood or anhedonia
and/or were considering treatment for depressed mood, (2) were
accepting of at least one form of treatment for depression, (3)
had not viewed or posted messages more than once in the past
month on any ISG, (4) did not self-report being diagnosed with
bipolar disorder by a health professional, (5) was 18 years of
age or older, (6) attends a primary care clinic and had visited it
in the past 6 months, and (7) had Internet access for the
subsequent 4 weeks, had been on the Internet at least 3 times,
and was able to use email. We excluded those considered to be
at high risk for suicide attempts, which included those with past
psychiatric hospitalizations, past suicide attempts, diagnosed
bipolar disorder, or a score of greater than 1 on the PHQ-9
suicide assessment item (bothered by thoughts that he/she would
be better off dead or of hurting him/herself in some way more
than half the days in past 2 weeks), or who reported intent for
self-harm as per assessment.

Setting
We recruited physicians at 6 primary care sites in urban and
suburban areas of Chicago. These included a federally qualified
health center (n=1), a private practice (n=1), university-affiliated
off-site practices (n=2), a student health clinic (n=1), and an
on-site academic resident practice (n=1). Physicians were
recruited using lunchtime education programming.

Adaptations Made After Study Initiation
Several barriers to implementation were addressed after the
study was fielded. During the course of the study, 2 practice
sites closed and several physicians left the practices. After initial
attempts using nurses to approach patients were unsuccessful,
physicians were asked to approach appropriate patients directly
to determine if they might be interested in the study. The original
intention was to have the recommendation letter be from the
participant’s personal physician. Instead, the letter was signed
by the principal investigator (a primary care physician) because
of time feasibility limitations.

Randomization, Blinding, and Concealment
We randomly assigned participants (using sealed envelopes) to
1 of the 3 groups described subsequently. A data manager who
was not involved in the study execution prepared the sealed
envelopes. Participants were aware of group assignments. The
main outcome measures were collected in an automated fashion
online. The database manager and the safety caller (described
subsequently) were blinded to group assignments.

Randomized Intervention Groups

Neutral Motivation Orientation (Referral Card)
Participants received a simple 3”×5” card with the name of the
ISG and the following description: “Online support/coping
group for people feeling blue, stressed, depressed, down, low,
or sad” (see Multimedia Appendix 1 for full text).

Internal Motivation Orientation (Patient-Centered
Brochure)
Participants received an 8”×11” handout that provided a more
complete description of the ISG. The handout was based on a
patient perspective with samples of Internet postings from
current users. This card emphasized peer-to-peer support and
did not mention health care organizations or health care provider
endorsements. The information addressed potential barriers to
participation: participants would not be identified, posting would
not take much time, information from peers could be checked
for accuracy with other peers and providers, and patients could
learn how to tell their providers about their activities on the
Internet (see Multimedia Appendix 1 for full text).

External Motivation Orientation (Physician
Recommendation)
Participants received a medical recommendation in the form of
a letter signed by the principal investigator, a primary care
physician (see Multimedia Appendix 1 for full text).

Email Reminder
An email reminder was sent to all participants who did not visit
the portal within 7 days of enrollment. Email reminders have
been associated with higher levels of participation [27].

Internet Portal Intervention
We constructed a portal to connect primary care patients to both
fact-based information and an established ISG. Two focus
groups identified several key ideas with regard to the
development of a primary care portal: (1) offer opportunities to
learn from others, (2) offer opportunities to help others, (3) offer
fact-based resources to evaluate accuracy of information, and
(4) protect users from disturbing content, such as self-harm or
salacious topics. To address these needs [32-34], we chose to
build a portal (Psycho-Babble) that would: (1) offer access to
fact-based information sites (eg, NIMH [35] and MOODGym
[36]), (2) present aspects of the ISG that focus group participants
suggested would be of greatest interest, and (3) offer access to
the ISG. Participants could use the portal to visit the ISG and
also the other websites. The ISG allowed participants to view
messages and then decide if they actually wished to register
there.

Internet Support Group
Psycho-Babble [37,38] is a mental health peer support group
started in 1998 (see Figure 2). Online mental health groups can
be classified as autonomous self-help groups or support groups
led by mental health professionals. Psycho-Babble is a hybrid
that combines the empowerment of self-help with the
supportiveness of a milieu maintained by a mental health
professional. The asynchronous online (message board) format
makes the group more accessible and in some ways safer than
groups that meet face-to-face [38]. The original forum continues
to focus on biological treatments, and additional forums have
been added for psychological treatments, complementary and
alternative treatments, religious faith, social support, and
discussion of the administration of the site. The portal through
which participants reached Psycho-Babble highlighted 6 forums.
The introduction in the main forum lists 3 other forums, and a
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link takes participants to a list of all 10. We expected
participants to have been aware of the other Psycho-Babble
forums. Higher user control has been associated with favorable

perceptions by participants [39]. We believed Psycho-Babble
would be a valuable ISG to use because of its well-developed
participant base with history, loyalty, and repeat visits [40].

Figure 2. Screenshot of Psycho-Babble home page.

J Med Internet Res 2013 | vol. 15 | iss. 3 | e42 | p.139http://www.jmir.org/2013/3/e42/
(page number not for citation purposes)

Van Voorhees et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Physician and Nurse Training
As part of this intervention, investigators met with each primary
care provider and nurse at the participating primary care sites
for 30 minutes during a lunchtime education program. This
program included (1) explanation of the study design and the
ISG and (2) summary of problems in depression care,
self-management approaches currently used by individuals with
depression, and the state of research on ISGs. A group of
resident physicians received additional training on how to
conduct randomized trials as an added inducement to participate
in the study.

Safety Monitoring
A structured approach to managing participant safety was used.
After eligibility assessment, all participants with elevated
depressed mood received a recommendation for a medical
evaluation. All those with self-harm ideation received a
structured assessment to determine need for service. While
enrolled in the study, the existing Psycho-Babble adverse event
reporting mechanisms were available to participants. A safety
call was made by a licensed clinical social worker 6 to 8 weeks
after enrollment [37,38].

Outcome Measures
We evaluated use of the portal and the ISG by using data
automatically logged by the portal and ISG servers (Table 1).
We originally planned to assess outcomes across several
categories: visits, time logged in, posts viewed, and posts posted.
Few posts were posted; therefore, we added a broader measure
of interaction, communications, which we use to refer to all
submissions of data by participants. Participants submitted data
not only for postings, but also to preview posts, to take the quiz
required to register at the ISG, to enter a synchronous (real-time)
chat room, to actually chat, and to contact the ISG
administration.

Portal Measures
The portal server tracked visits and minutes logged in by each
username. Participants were automatically logged out after 6
minutes. Time actually engaged with the portal may have been
longer (eg, if they browsed the NIMH site for 30 minutes) or
shorter (eg, if they stepped away from their computer after 3
minutes). If participants used the portal to visit the ISG, the
time they spent at the ISG was included in the time they were
logged in to the portal. However, if they visited the ISG directly,
it was not. It was possible to access the ISG directly because it
was open to the public and not restricted to study participants.

Internet Support Group Measures
At the ISG, viewing posts was unrestricted, but submitting data,
including postings, was restricted to registered group members.
The ISG server automatically tracked viewing of posts by
participants by using cookies (information stored by a server
on a user’s computer) which it set when participants visited the
ISG from the portal. Because participants could visit the ISG
directly or delete the cookies, viewing of posts (ie, ISG visits)
by study participants may have been undercounted. The ISG
server automatically tracked communications, including
postings, by username.

Independent Variables

Sociodemographic Factors
We obtained self-reported age (years), gender, race/ethnicity,
and education level (eg, some high school or high school
graduate).

Mood
For the participant’s dimensional measures of depressed mood,
we used the 10-item Center for Epidemiologic Studies
Depression Scale (CES-D) (Cronbach alpha =.87) [41] and the
PHQ-9 [31] score (Cronbach alpha=.77).

Self-efficacy
Perceived control was assessed with the Mastery Scale [42].
The 7 items on the scale measure the extent to which participants
see themselves as being in control of the forces that significantly
affect their lives. Higher scores indicate greater self-efficacy
(Cronbach alpha=.81).

Loneliness
The loneliness item of the CES-D was used to report loneliness.
Respondents were asked the frequency of feeling lonely in the
past week on a 4-point scale (0=less than a day, 1=1-2 days,
2=3-4 days, and 3=5-7 days).

Self-determination Theory
Self-determination theory posits that humans seek experiences
in which they will develop autonomy, connection, and
competence. Furthermore, the stronger the internal motivation
(as opposed to external factors), the higher the quality and
enduring the motivation [2]. Based on a focus group, we
developed items to address attitudes in each of these domains
and 1 additional one, concern for adverse experiences (see
Multimedia Appendix 1). We measured 9 items based on a
Likert-type scale ranging from 1 (strongly disagree) to 5
(strongly agree) (Cronbach alpha=.69).

Theory of Planned Behavior
We revised the items from a previous questionnaire, which was
modified based on the preventive health model and the theory
of planned behavior [43,44] for the purpose of participation in
our ISG. According to the theory of planned behavior, intention
is the most proximal cognitive measure to actual behavior.
Intention is directly influenced by attitudes and beliefs toward
a behavior (eg, attitudes toward intervention), subjective norms
(eg, concerns with regard to family, peer, or employer opinions),
and perceived behavioral control (ie, controllability and
self-efficacy) [29]. We measured items based on a Likert-type
scale (1=strongly disagree to 5=strongly agree) for each domain
(see Multimedia Appendix 1). The reliability (Cronbach
alpha=.89) and predictive validity of the original instrument
has previously been demonstrated in adolescents [45].

Transtheoretical Model of Change
Items were adapted from Miller and Rollnick’s 3-item
assessment of motivation [46]. In terms of validity, this scale
and many individual items predicted adherence to an
Internet-based depression prevention intervention (modified
form) [45]. On a scale from 1 to 10, participants rated the
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importance, their ability, and their readiness to overcome
depressed mood over the next 2 months. Higher numerical
values indicate higher levels for agreement with the item.

Shared Decision Making
We previously demonstrated improved outcomes with shared
decision making for depression [47]. We asked participants to
rate agreement with “I can talk with my providers in a way so
my preferences for treatment are included” on a Likert-type
scale (1=strongly disagree to 5=strongly agree).

Analysis
Descriptive statistics were calculated for the demographic
variables. For between-group categorical comparisons, we used
Pearson’s chi-square test or the Fisher exact test when there
were <5 observations per cell. For continuous outcomes, we
used analysis of variance (ANOVA) for between-group
comparisons at the same time points. For continuous
between-group data with skewed distribution, we used the
Mann-Whitney test for 2-level comparisons. We used a similar
analytical approach for comparisons between the 3 groups and
also used the Kruskal-Wallis test for 3-level comparisons with
a skewed distribution. We developed regression models for 3
main outcomes: (1) total time on-site, (2) number of posts
viewed, and (3) number of posts attempted. Separate regression
analyses were performed for the outcome variables. For total
time on-site, the outcome had skewed data and there were values

of zero, precluding a direct logarithmic transformation.
Therefore, we added a value of 1 to all the variables so that they
could be logarithmically transformed. Linear regression was
then performed. For the count data (posts viewed and posts
attempted), negative binomial regression was used. Because of
the limited number of observations, we chose to develop only
2 models for each analysis. Model 1 was a univariate analysis.
Model 2 adjusted for all items that were significant at P<.05 on
Model 1 for each outcome. STATA 11 (StataCorp LP, College
Station, TX, USA) was used to conduct the analyses. We also
calculated effect sizes for between-group comparisons with
statistical significance (Cohen’s d) [48].

Sample Size Calculations and Interim Analyses
A sample size of 225 was estimated to have a power of 0.8 to
detect the difference between both the neutral group and the
internal or external group (50%, 35%, and 10% participation).
This sample size was not achieved because of an extensive delay
in starting the study due to an extensive Institutional Review
Board review (1 year). An interim analysis was conducted for
purposes of safety review and end of grant funding. On the basis
of the results of the interim analysis, which showed significant
differences between randomization groups for the main study
endpoints and significant predictors for measures of
participation, the data monitoring and safety board (DSMB)
and the investigators jointly agreed to end the trial.
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Table 1. Outcome variables.

SourceaDescriptionItems

Sessions and time

PortalNumber of individual visitsNumber of sessions

PortalPercent with at least 1 visitPercent those in sessions with at least 1 ses-
sion

PortalNumber of minutes spent logged in (participants were timed out after 6 minutes of
inactivity)

Total time

PortalNumber of minutes/sessionMinutes elapsed per session

Viewing

ISGNumber posts viewed by participantPosts viewed

ISGPercent who viewed at least 1 postPercent who viewed at least once

ISGNumber of posts viewed by those who registered on the ISGPosts viewed by each participant who regis-
tered

ISGNumber of boards viewed per participantBoards viewed

ISGNumber of boards viewed per participant who registered with the ISGBoards viewed by each participant who regis-
tered

Posting

ISGPosts and data combinedCommunications

ISGInformation submitted to the portalData submitted

ISGNumber of posts submittedPosts submitted

ISGNumber of posts attemptedPosts attempted

ISGPercent who attempted to post at least 1 timePercent of those who attempted at least once

ISGNumber of posts submitted who registered on the ISGPosts attempted by each participant who reg-
istered

ISGNumber of posts attempted who registered on the ISGPosts posted

ISGPercent who attempted to post at least 1 time who registered on the ISG (created
post, but failed to confirm)

Percent of those who posted at least once

ISGMean number of posts submitted who registered on the ISGPosts posted by each participant who regis-
tered

Visitation

ISG and portalPercent who visited either the portal or directly went to the ISGVisited portal or ISG

ISG and portalPercent who visited the portalParticipants who visited portal

ISG and portalPercent who registered on the ISGParticipants who registered ISG

a ISG: Internet support group.

Results

Sample Characteristics
A total of 50 participants were assigned to the 3 groups. At
baseline, there were no significant differences between the 3
groups on any demographic characteristics (Table 2). With
regard to the race/ethnicity of the sample, 47% were white
(23/49), 41% were African American (20/49), 2% were Hispanic
(1/49), 6% were Asian (3/49), and 4% were other (2/49). One
participant did not report race/ethnicity. The mean age of
participants was 37.49 years (SD 17.15). This was a moderately
depressed cohort with PHQ-9 scores ranging between 7.22 to
10.24 for the 3 randomization groups with a mean for the entire
sample of 9.18 (SD 4.64). With regard to education and

socioeconomic status, 41% (20/48) were college graduates and
the mean reported income was US $45,407 (SD 59,496).
Fifty-one percent (25/49) reported discussing depression with
their physician, 43% (21/49) reported being treated before for
depression, and 31% (15/49) reported a family member had
been depressed in the past. One participant did not provide any
demographic data. Over the course of the study (November
2008 to June 2009), 128 individuals were referred by their
physicians or answered advertisements posted in the clinics, of
which 82 were successfully contacted and had eligibility
assessed with 32 being excluded (see Multimedia Appendix 1).
Reasons for exclusion included 10 who were eligible but did
not enroll, 4 who were not interested, and 18 who did not meet
eligibility criteria (8 with past psychiatric hospitalization, 8 with
a self-harm attempt, and 2 with bipolar disorder). Of those who
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could be reached (82), only 4 reported no interest in the study.
Primary care physicians recruiting for the study did not report
many refusals for initial contact by study staff. Of those referred
to the study staff for contact, 64% were contacted. Partial data
were available for 2 participants, 1 who died of natural causes
after enrollment (internal motivation group) and 1 participant
enrolled in the external motivation group.

Participation for Entire Cohort
A total of 31 of 50 participants (62% of the entire study cohort)
visited the portal or the ISG directly, whereas 27 of 50 (54%)
registered on the ISG itself. Participants who visited the portal
logged in for a mean of approximately 2 hours (118.5 minutes)
each. Participants who visited the ISG viewed an average of
20.9 posts, communicated an average of 5.8 times, and posted
an average of 0.4 posts. Table 3 shows the frequency
distributions of the number of visits to the portal, time on the
portal, and the number of posts viewed, communications, and
posts posted. There was a skewed distribution spent on time on
portal with 20 (40%) having no time, but 1 (2%) with 1301
minutes. Similarly, 4 (8%) participants viewed more than 46
posts, whereas 25 (50%) viewed no posts. In terms of
communications, most (40/50, 80%) made no communications
whereas a few (3/50, 6%) communicated more than 15 times.
In terms of actual postings, 47 (94%) never posted, whereas 1
posted 1, 4, and 6 times. Most posts and replies were not replied
to (new posts: 3 replied to, 6 not replied to).

Participation by Randomization Group
The internal motivation group had significantly greater
participation for several participation measures than the neutral
motivation group with more individual data submissions (mean
7.53 vs mean 0.39, P=.01, effect size [ES] 0.67, CI –0.02 to
1.32), were more likely to attempt to submit at least once (43%
vs 6%, P=.02) and had significantly more posts attempted
overall and by those who registered (mean 5.21 vs mean 0.17,
P=.02, ES 0.62, CI –0.07 to 1.27 and mean 0.19 vs mean 0.01,
P=.02, ES 0.55, CI –0.19 to 1.26, respectively). The neutral
motivation group spent significantly more time logged onto the
ISG as compared to the external motivation group (mean 9.27
vs mean 0.23, P=.04, ES 0.44, CI –0.29 to 1.15). There was
only one 3-group comparison (see Multimedia Appendix 1) that
demonstrated significance, which was the percent posting at
least once (P=.02). The internal motivation group had
significantly greater participation for several participation
measures than the external motivation group (Tables 4 and 5).
Specifically, members of the internal motivation group had
more individual data submissions (mean 7.53 vs mean 0.54,
P=.03, ES 0.60, CI –0.14 to 1.31), were more likely to submit
at least once (42% vs 8%, P=.05), were more likely to have
visited with the portal or ISG directly (79% vs 46%, P=.05) and
were more likely to have attempted to post overall and by those
who registered (mean 5.21 vs mean 0.23, P=.05, ES 0.56, CI
–0.18 to 1.27 and mean 0.19 vs mean 0.01, P=.05, ES 0.55, CI
–0.19 to 1.26, respectively). No other significant differences
were observed.

Email Reminders
During the course of the study, 22 participants received an email
reminder because they had not visited the portal within 7 days
of enrollment. Of these 22 participants, 5 subsequently visited
the portal; of those 5 participants, 3 did so within 2 days of
receiving the email reminder.

Predictors of Participation

Time On-Site
In the univariate analysis, demographic characteristics, severity
of depressed mood, and self-efficacy did not predict minutes
logged in (Table 6). One attitude item, “might read troubling
comments,” was a statistically significant negative predictor
(P=.03). Three items, “participating is important,” “want to do
what physicians want me to do,” and “going to a depression
Internet support website is easy,” were statistically significant
(P=.049, P=.02, and P=.047, respectively), and another 3,
“benefits outweigh difficulty,” “want to do what family thinks,”
and “physicians think I should go” were not statistically
significant (P=.06, P=.08, and P=.07, respectively). The
motivation items and participation in decision making were not
statistically significant. In the exploratory multivariate analysis
of the significant univariate predictors, only the item of “might
read troubling comments” remained statistically significant
(P=.03).

Posts Viewed
Demographic characteristics and mood did not predict posts
viewed (Table 7). Self-efficacy was not statistically significant
(P=.09). No attitude items were statistically significant. Two
intention items were statistically significant (“friends think I
should go” P=.03, and “physicians think I should go” P=.01)
and 1 was not statically significant (“want to do what friends
think” P=.08). The motivation items and participation in
decision making were not statistically significant. In the
exploratory multivariate analysis of the significant univariate
predictors, none remained statistically significant.

Posts Attempted
Demographic characteristics did not predict posts attempted
(Table 8). Baseline CES-D, was not statically significant
(P=.06). Self-efficacy was statistically significant (P=.04). Two
intention items, “my family supports me going” and “physicians
think I should go,” were statistically significant (P=.04 and
P=.046, respectively), and another 2, “friends think I should
go” and “want to do what physicians think,” were not statically
significant (P=.06 and P=.06). Participation in decision making
was not statistically significant. In the exploratory multivariate
analysis of the significant univariate predictors, only
self-efficacy remained statistically significant (P=.05).

Safety and Unintended Events
Fourteen of 49 participants received follow-up calls from the
principal investigator related to concerns identified by the
assessment caller (ie, depressed mood or self-harm ideation).
One participant died of natural causes shortly after enrollment.
No study participant reported adverse experiences while on the
ISG and there were no self-harm events.
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Table 2. Demographics of study participants.

P valueParticipants (N=50)Items

External motivation

(recommendation)

n=13

Internal motivation

(brochure)

n=19

Neutral motivation

(card)

n=18

.6234.42 (19.49)39.39 (16.83)34.83 (12.72)Age (years), mean (SD)

.297.22 (3.83)10.24 (3.72)9.13 (5.84)PHQ-9 score, mean (SD)

Gender, n (%)

.545 (42)6 (33)4 (22)Male

7 (58)12 (67)14 (78)Female

Ethnicity, n (%)

.715 (42)8 (44)10 (56)White

7 (58)10 (56)8 (44)Non-white

Education, n (%)

.722 (17)1 (6)3 (17)Some high school

2 (17)2 (11)1 (6)High school graduate

5 (42)7 (39)5 (28)Some college

3 (25)8 (44)9 (50)College graduate

Marital status, n (%) a

.621 (8)1 (24)1 (6)Married

1 (8)2 (12)2 (11)Divorced/separated/widowed

10 (83)11 (65)3 (15)Never married

Talk to health care provider, n (%)

.193 (27)10 (59)11 (61)Yes

Treatment, n (%)

.754 (50)9 (69)8 (57)Yes

Family treatment, n (%)

.222 (17)8 (47)5 (28)Yes

Counseling, n (%)

.566 (50)12 (71)10 (56)Yes

.9043,056.67 (52,325.73)57,553.67 (84,277.86)35,025.00 (30,344.51)Income (US$), mean (SD)

a Marital status does not equal the total sample size in each group because data were not obtained from some participants.
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Table 3. Time on portal, posts viewed, and number of communications for entire cohort.

Participants, n (%)aItems

Time on portal (minutes) b

20 (40)0

6 (12)1

2 (4)2

2 (4)3

3 (6)4

2 (4)5

1 (2)6

1 (2)9

1 (2)13

1 (2)15

1 (2)16

1 (2)19

1 (2)30

1 (2)31

1 (2)45

1 (2)51

1 (2)53

1 (2)89

1 (2)543

1 (2)774

1 (2)1301

Number of posts viewed

25 (50)0

1 (2)1

4 (8)2

2 (4)3

2 (4)4

1 (2)5

1 (2)6

2 (4)9

1 (2)12

2 (4)15

1 (2)16

2 (4)17

1 (2)20

1 (2)46

1 (2)54

1 (2)55

1 (2)92

1 (2)152
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Participants, n (%)aItems

Number of communications

40 (80)0

1 (2)3

1 (2)4

3 (6)7

1 (2)8

1 (2)12

1 (2)16

1 (2)34

1 (2)59

a For simplicity, all those enrolled in the study but who did not visit the site are recorded as 0.
b The time in minutes is the actual time each participant spent logged in to the portal.

Table 4. Participation measures reporting only with P<.10.a

External motivation

(recommendation)

n=13

Internal motivation

(brochure)

n=19

Neutral motivation

(card)

n=18

Items

Time, mean (SD)

4.5 (8.63)74.68 (228.13)Total time

4.08 (8.3)56.21 (175.66)Minutes logged (portal)

0.23 (0.6)18.47 (53.24)9.27 (26.59)Minutes logged (ISG)

Posting

0.54 (1.94)7.53 (15.09)0.39 (1.65)Data submitted, mean (SD)

0.23 (0.83)5.21 (11.54)0.17 (0.71)Post attempted, mean (SD)

1 (8)2 (42)1 (6)Percent of those who attempted to post at
least once, n (%)

0.01 (0.03)0.19 (0.43)0.01 (0.03)Post attempted by each participant who
registered, mean (SD)

Portal and ISG, mean (%)

6 (46.15)15 (78.95)Visited portal or ISG

a For full data, see Multimedia Appendix 1.
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Table 5. Group comparisons of participation measures reporting only with P<.10.a

2-group P valueItems

Internal (brochure) vs external

(recommendation)

Neutral (card) vs external

(recommendation)

Neutral (card) vs internal

(brochure)

Time

.08Total time

.09Minutes logged (portal)

.08.04Minutes logged (ISG)

Posting

.03.01Data submitted

.05.02Post attempted

.05.02Percent of those who attempted at least
once

.05.02Post attempted by each participant who
registered

Portal and ISG

.05Visited portal or registered ISG

a For full data, see Multimedia Appendix 1.

Table 6. Predictors of time on-site reporting only with P<.10.a

Model 2Model 1Mean
(SD)

nPredictors

PSEBetaPSEBeta

Attitudes toward Internet including self-determination theory

Concern for adverse experiences

.030.28-0.62.030.25-0.583.67
(1.12)

48I might read troubling comments about depres-
sion on the Internet

Preventive health model questions

Beliefs about intervention

.400.320.27.0490.290.583.59
(1.02)

46Participating in a depression Internet social
support website is an important thing to do

Attitudes toward intervention

.060.340.663.48
(0.86)

46The benefits of a depression Internet social sup-
port site outweigh any difficulty

Social norms

.080.300.542.98
(1.03)

43I want to do what the members of my immediate
family think I should do

.070.250.473.02 (1.2)45Physicians and other health care professionals
want me to go to an Internet intervention site

.230.360.45.020.320.83.4 (0.91)45I want to do what the physicians and other health
care professionals want me to do

Self-efficacy

.160.290.43.0470.300.623.89
(0.97)

46Visiting this depression Internet social support
site is an easy thing to do

a For full data, see Multimedia Appendix 1.
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Table 7. Predictors of posts viewed reporting only with P<.10.a

Model 2Model 1Mean (SD)nPredictors

PSEBetaPSEBeta

Social factors

.090.370.630.44 (0.87)45Self-efficacy scale

Preventive Health Model

Social norms

.810.550.13.030.40.852.78 (1.13)45My close friends support me going to
depression social support Internet site

.080.530.932.82 (0.98)45I want to do what my close friends think
I should do

.110.490.79.010.330.883.02 (1.20)45Physicians and other health care profes-
sionals want me to go to an Internet inter-
vention site

a For full data, see Multimedia Appendix 1.

Table 8. Predictors of posts attempted reporting only those with P<.10.a

Model 2Model 1Mean (SD)nPredictors

PSEBetaPSEBeta

Mood

.060.150.289.19 (4.64)43Baseline CES-D

Social factors

.050.771.5.040.761.560.44 (0.87)45Self-efficacy scale

Attitudes toward Internet including self-determination theory

Connection seeking

.061.072.053.53 (1.08)47Able to help others by sharing my expe-
riences on the Internet

Preventive health model

Social norms

.061.072.042.78 (1.13)45My close friends support me going to
depression social support Internet site

.060.571.07.040.751.582.71 (1.25)45My immediate family supports me going
to a depression Internet social support
site

.600.430.23.0460.410.813.02 (1.2)45Physicians and other health care profes-
sionals want me to go to an Internet inter-
vention site

.060.671.283.4 (0.91)45I want to do what the physicians and
other health care professionals want me
to do

Transtheoretical model of change/MI

.070.360.657.81 (2.73)48Readiness

a For full data, see Multimedia Appendix 1.

Discussion

This study suggests that low-cost and relatively low-intensity
primary care referral methods are useful for engaging ISG-naive
patients with depressed mood with a depression ISG. Our results
support hypothesis 1 that referral of primary care patients to an

Internet-based social support group portal was effective (>30%
visited the site in all groups). Hypothesis 2 was not supported,
whereby a patient-oriented brochure primarily focused on
eliciting internal motivations demonstrated greater participation
on multiple measures with moderate effect sizes than a generic
medical letter of recommendation. Support for hypothesis 3
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was attained with the findings that items from several models,
but particularly the theory of planned behavior (in particular
social norms), predicted participation. Furthermore, there was
some evidence that email reminders to eligible patients were
associated with the first visit to the portal (hypothesis 4).

This is the first trial that we are aware of comparing
low-intensity methods for referring primary care patients with
depression to online social support or other online depression
resources. The percentage of patients visiting the portal (79%)
in the internal motivation (brochure) group was similar to those
in other studies using minimal contact approaches in medical
settings of brief advice (85%) and email reminder (77%) [49,50]
versus participation in a mental health information website
without any referral method in the general population (24%)
[10]. We previously demonstrated that more intensive
interventions (motivational interviewing versus brief advice)
increases participation for Internet-based depression prevention
interventions for adolescents, with similar moderate effect sizes
[50]. Others have demonstrated that email-based reminders may
increase participation [49]. Resnicow [51] demonstrated that
health messaging using brochures that relate closely to the
patients’ current concerns and preferred method of motivation
may significantly increase prohealth behaviors such as diet
change. The preparation of our brochure based on themes
identified in 2 focus groups may have been particularly helpful.
Similarly, relying on the brochure may have enabled our
participants to develop higher quality intrinsic motivations as
opposed to external ones. It is noteworthy that the greatest
impact of the referral methods was on measures of posting,
rather than simply viewing, which perhaps supports the premise
that higher quality motivation is critical to enacting higher levels
of engagement. Goal setting and having an established
motivational structure to bring to the Internet experience has
been noted to influence participation and could explain the
added benefit of the intrinsic group (brochure) as well [30].
Similarly, perhaps the letter (external motivation) tended to
crowd out intrinsic motivations in favor of external ones and
serve as a negative incentive [52]. The finding that email
reminders may increase participation is consistent with the
findings of a prior systematic review [20]. However, it should
be noted that the level of active involvement, such as posting,
was very low (only 4 individuals posted).

Attitudes and clinical factors, rather than demographic factors,
provided a broader understanding of the process by which
participants may choose to participate in our mental health ISG.
Typically, factors that predict participation in a self-directed
psychotherapy website include demographic factors (younger
age, higher education, and greater illness severity), clinical
factors (greater dysfunctional thinking and illness severity),
health services factors (referral by a mental health professional),
and attitudes (importance, self-efficacy, and perceived benefits)
[50,53,54]. Although the attitudinal predictors of participation
in an ISG are similar to those for Internet-based self-directed
psychotherapy, social norms appear to be more important factors
in predicting participation in an ISG [44,50,55-57]. Perhaps
participants considered using an Internet-discussion group to
be more of a social choice than a treatment decision or event,
and when considering something unfamiliar they defer to the

judgment of others. It is uncertain how much participation on
an ISG could be as sensitive to comparisons of activity with
other individuals such as that occurs with gaming on the Internet
[28].

These sites reflected the challenges of contemporary primary
care, as 2 of the practice sites closed during the study and were
relocated as a result of the financial crisis of 2008. In terms of
internal validity, the participants were effectively randomized
with no significant between-group differences and received 3
distinct interventions. Although small, the sample size
demonstrated between-group differences and helped illuminate
several preliminary associations. However, several key
limitations with internal validity should be recognized: (1) the
sample was quite small and the smallest group had only 13
participants (we only analyzed 12), (2) a letter from the patient’s
own physician personal letter of recommendation might have
performed better than a generic one, (3) the closure of 2 clinics
during the study disrupted recruiting and in some cases delivery
of the intervention elements, (4) delivery of emails to all groups
and direct physician recruitment of nearly all participants may
have resulted in reduced between-group differences in
participation, and (5) poor engagement may simply have
reflected lack of easy access to the Internet or experience with
interfaces like those of the portal and ISG. The observation that
the external motivation (recommendation) group assignment
had a mean PHQ-9 of 7.22, which was below the eligibility
criteria, suggests this group had disproportionate improvement
in depressed mood before actual enrollment. Two forms of bias
may explain this: (1) practice effect bias suggests that if the
same test is administered within 2 weeks of time then practice
effect bias is present (ie, a person remembers the questions and
might try to change the answers), or (2) experimenter bias
(participants may have guessed we were expecting to find
decreased depression and answered to satisfy us). This could
suggest that this group varied from the others in some
unmeasured characteristic, such as motivation, but this seems
unlikely to alter the result.

In terms of external validity, we should note several concerns
as well. Although it is possible that some participants were not
ISG-naive, the exclusion of only those who had not visited a
depression ISG within the past 6 months is unlikely to have
resulted in recruitment of participants who were significantly
more disposed to depression ISGs than the general population.
Because we did not collect data on prior use of other depression
ISGs, we cannot determine the extent to which prior use may
have influenced participation in the ISG of this study. Similarly,
the recruiting methods may have self-selected for more
motivated individuals, a fact that may suggest caution in
estimating future effectiveness in primary care. However,
recruiting physicians did not report many patients refusing
referrals to the study and 64% of those referred were contacted.
Given that this was perhaps a somewhat motivated sample, just
half of the participants actually registered on the ISG. Lack of
Internet access in this relatively lower income population and
a somewhat outdated interface may have reduced participation
versus a population with greater Internet access and skill [58].
Similarly, the degree to which the website may not have met
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current expectations for frequently updated materials, such as
the style of the site, may have affected participation [58,59].

In conclusion, primary care patients may be amenable to referral
to Internet-based social support and information portals, even
if they have not utilized ISGs in the past. Relatively low-cost
materials and minimal physician interaction may be required
to accomplish this referral process. Motivational approaches
focused on intrinsic factors may be superior to extrinsic ones.
Referral to Internet-based social support using relatively
low-cost methods, such as brochures, may offer a key method
to moving toward patient-centered models, particularly for an
illness in which treatment adherence and perhaps even outcomes

are substantially influenced by prevailing social norms and
attitudes. Clinicians may wish to consider referral to such
reliable and reputable Internet-based social media as an early
step to enable patients to explore with others treatment options
or barriers to adherence. Health administrators and health
services researchers should consider streamlined approaches to
engaging patients with reliable and reputable Internet-based
supportive social media. The next logical step would be a
randomized clinical trial in a primary care setting to determine
if referral to Internet-based social support for those with
depressive illness improves quality of care, symptoms, and
function.
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Abstract

Background: Cognitive behavioral therapy is recommended in the National Institute for Clinical Excellence guidelines for the
treatment of bulimia nervosa. In order to make this treatment option more accessible to patients, interactive online CBT programs
have been developed that can be used in the user’s own home, in privacy, and at their convenience. Studies investigating online
CBT for bulimic type eating disorders have provided promising results and indicate that, with regular support from a clinician
or trained support worker, online CBT can be effective in reducing bulimic symptoms. Two main factors distinguish this study
from previous research in this area. First, the current study recruited a wide range of adults with bulimic type symptoms from the
community. Second, the participants in the current study had used cCBT with support from a nonclinical support worker rather
than a specialist eating disorder clinician.

Objective: To investigate participants’ experiences of using an online self-help cognitive behavioral therapy (CBT) package
(Overcoming Bulimia Online) for bulimia nervosa (BN) and eating disorders not otherwise specified (EDNOS).

Methods: Eight participants with a mean age of 33.9 years took part in semi-structured interviews. Interviews were transcribed
and analyzed using a 6-step thematic analysis process.

Results: Saturation was achieved, and 7 themes were identified in the dataset. These were: (1) conceptualizing eating disorders,
(2) help-seeking behavior, (3) aspects of the intervention, (4) motivation to use the online package, (5) privacy and secrecy with
regard to their eating problems, (6) recovery and the future, and (7) participant engagement describing individuals’ thoughts on
taking part in the online research study.

Conclusions: Participants suggested that online CBT self-help represented a generally desirable and acceptable treatment option
for those with bulimic type eating problems, despite some difficulties with motivation and implementation of some elements of
the package.

Trial Registration: International Standard Randomized Controlled Trial Number of the original RCT that this study is based
on: ISRCTN41034162; http://www.controlled-trials.com/ISRCTN41034162 (Archived by WebCite at
http://www.webcitation.org/6Ey9sBWTV)

(J Med Internet Res 2013;15(3):e46)   doi:10.2196/jmir.2083
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Introduction

Bulimia nervosa (BN) is an eating disorder characterized by
recurrent episodes of binge eating and reversing behaviors and
has many negative psychological, physical, and social
consequences. Cognitive behavioral therapy (CBT) is
recommended in the National Institute for Clinical Excellence
[1] guidelines for the treatment of bulimia nervosa. In order to
make CBT more accessible to individuals who are unable or
unwilling to engage in face-to-face therapy, computerized CBT
(cCBT) packages have been developed for the treatment of BN.
Computerized CBT has been shown to result in improvements
in bulimic symptoms when delivered in CD-ROM format [2,3,4]
or online [5,6] and can be used in the individual’s own home,
in privacy, and at their convenience.

To date, two studies of an online CBT package, “Overcoming
Bulimia Online” (OBO) [7] have included a qualitative
investigation of users’attitudes towards and experience of using
online CBT. In Pretorius, Rowlands, Ringwood, and Schmidt’s
[8] study of adolescents’ experiences of using OBO, the main
themes identified included: motivation, support, factors
influencing choice of treatment and recovery, and the future.
Participants reported choosing online CBT because of its
accessibility and flexibility, citing a desire to have autonomy
and control over their eating disorder and recovery. Many
participants indicated that they considered cCBT as a first step
in their treatment and perhaps as a first step towards additional
treatment options due to increased confidence in discussing
their eating problems, but they reported that low motivation
was a barrier to using this intervention.

Sanchez-Ortiz et al [9] more recently carried out a qualitative
study of students’ experiences of OBO. Interviewees cited
flexibility, confidentiality, and ease of use as positive aspects
of the online package. Interestingly, many participants discussed
other treatments they had accessed and compared these with
their experience of OBO. Participants indicated that the online
CBT package was more structured than counseling. Also, some
participants expressed feelings of apprehension with regard to
approaching their GP about their eating problems. This may be
one of the reasons that some individuals see cCBT as a more
desirable treatment option. However, that study and the
randomized controlled trial (RCT) from which participants were
drawn focused on students [6]. Students are a highly selected
group educationally, in terms of age, their access via universities
to high-speed Internet, and their information technology literacy.

The current study aimed to add to this growing body of literature
regarding a wider population of user’s experiences of using a
cCBT package for bulimia nervosa. Two main factors
distinguish this study from previous research in this area. First,
the current study recruited a wide range of adults with bulimic
type symptoms from the community. This meant that a more
representative sample of the population could be recruited. The
two studies previously mentioned recruited individuals who
were highly likely to favor this online treatment approach:
students and adolescents. Second, in contrast to the studies of
Pretorius et al [8] and Sanchez-Ortiz et al [9], all participants
in the current study had used OBO with support from a

nonclinical support worker rather than specialist eating disorder
clinicians. This is significant since, having similarly favorable
results, such as when the support is provided by specialists,
would support the view that low intensity CBT can be delivered
and supported by trained but nonspecialist support staff. This
would save resources in services and aid the increase in access
to psychological therapies, a main treatment target in the
National Health Service.

Therefore, the purpose of this qualitative study was to
investigate whether similar themes emerged with this new
population. The study also aimed to investigate reasons for
choosing the self-help approach and to compare attitudes
towards cCBT with other treatments that participants had
accessed in the past. A final aim was to determine participants’
attitudes towards taking part in a predominantly online research
study where recruitment, questionnaires, and follow-up
assessment were carried out using online web pages and emailed
links to online evaluations.

Methods

Recruitment
All participants invited for interview were taking part in an RCT
of Overcoming Bulimia Online. These participants had been
recruited to take part in an initial survey about attitudes towards
online self-help for eating disorders [10] and were then screened
and invited to take part in the RCT. Various community-based
recruitment methods were employed in the study.
Advertisements were placed on mental health websites, in
mental health newsletters, and an article about the study
appeared in an eating disorders magazine (Anorexia and Bulimia
Care). Posters were also placed in public places such as libraries,
gyms, universities, colleges, and student counseling services.
Additionally, flyers giving details of the study were put into
university students’ orientation packages.

Participants
Ten months into the RCT of OBO, 55 participants who had had
access to the online package for at least 10 weeks were grouped
according to how many sessions of the package they had
completed—defined as low users (0-2 sessions), medium users
(3-5 sessions), and high users (6-8 sessions) (the OBO package
contains 8 sessions in total). A purposive sampling approach
was taken with 12 participants from each group who were
randomly selected to be invited for interviews using the
randomization function in SPSS 12.

Nine participants agreed to take part in the interviews. One
interview could not be transcribed due to a poor recording, so
8 interviews were used in the final analysis. As expected, the
number of sessions completed had increased by the time of
interview as participants still had access to the online package,
therefore the sample contained no low users (0-2 sessions), 2
medium users (3-5 sessions), and 6 high users (6-8 sessions).
The mean number of sessions completed was 6.4 out of the 8
session online course. All participants were women; the mean
age of the sample was 33.9 years (range = 28-50 yrs). All
individuals met the criteria for Bulimia Nervosa or Eating
Disorder Not Otherwise Specified (EDNOS), as established
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prior to entry into the RCT using the Eating Disorders
Examination [11]. Duration of their eating disorders ranged
from 2 years to 30 years; the mean was 16.6 (SD 8.6).

Procedure

The Online Intervention: “Overcoming Bulimia Online”
Participants interviewed had been given access to the online
CBT based self-help package OBO as part of an RCT. The
package contained 8 interactive sessions that aimed to change
users’ thoughts, feelings, and behavior with regard to food. As
illustrated in Figure 1, the sessions contained written text and
video clips, which were supplemented by audio information
and instructions. The 8 topics covered in the package were: (1)
Introduction and What is Bulimia?, (2) Understanding why I
have Bulimia, (3) How do I change?, (4) The role of thoughts
in Bulimia, (5) Assertiveness and increasing activity, (6)
Problem solving, (7) Living Life to the Full, and (8) Planning
for the future and review of what I have learned.

Participants were encouraged to work through the sessions
independently in their own time and chose to receive weekly
telephone, email, or text message support. These 8 support

sessions were provided along with the online package by a
trained self-help support worker. The support worker was a
research assistant with experience of working in the area of
eating disorders and guided CBT research. She had written
guidelines on how to deliver guided self-help and was supervised
by the clinical lead of the project (CW). At the beginning of the
intervention, 3 of the participants chose to receive their support
sessions over the telephone, 4 requested email support, and 2
opted for text message support to their mobile phones. The
support time varied depending on the extent to which the
participant engaged with the support, ie, replied to the support
emails.

At the end of each module, participants were asked to complete
various homework assignments such as using the anxiety control
training audio daily until the next session, implementing some
of the rules of healthy eating, and keeping food, thought, and
activity diaries. Additionally, participants were asked to rate
their mood and give information about their bingeing and
vomiting at the beginning of each session. This information was
recorded and presented in a graph that could be viewed by the
participant and any authorized support workers, researchers, or
clinicians (see Figure 2).
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Figure 1. Screenshot from OBO, Session 3: "How do I change?"
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Figure 2. Screenshot of the mood rating graphs in Overcoming Bulimia Online.

The Interviews
Following informed consent, semi-structured interviews were
carried out by C-A M over the telephone and were recorded
using a digital recording device. A question guide was devised
by the research team to probe issues such as participants’ reasons
for choosing the self-help approach, their experience of using
the online package, motivational issues while using the package,
how the intervention compared to other treatments they had
accessed in the past, and aspects of the online research process.
The mean duration of the interview was 19.4 minutes.

Analysis
Interviews were recorded, transcribed verbatim, and analyzed
using the 6-step inductive thematic analysis approach outlined
by Braun and Clark [12]. This method of analysis was chosen
because the identified themes are data driven. As such, themes
are identified without trying to fit them into a pre-designed
coding framework.

Two researchers (C-A M and CM) carried out the coding and
identification of themes limiting the subjective nature of the
analysis, thus increasing the validity. Both researchers
independently generated initial codes for all interesting extracts.
Using these codes, themes were then searched for. Once this
stage was complete, the analyzers discussed the themes that
they had identified and agreed upon the final themes that would
be used. All coded extracts were then put into the appropriate
themes and subthemes. In some cases, extracts were themed
differently by the researchers; C-A M discussed these with a
third member of the research team (LE) who was experienced
in the process of qualitative analysis and then made the final
decision on where these extracts belonged. All themes were
reviewed and the extent to which they encapsulated the data
was judged.

Results

Analysis of transcripts identified seven main themes, as
illustrated in Table 1.
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Table 1. Themes and subthemes identified in the semi-structured interviews.

SubthemesThemes

Impact of and feelings about bulimiaConceptualizing eating disorders

Perceptions of eating disorders/people with eating disorders

Acknowledgement of/acceptance of the problem

Past experiencesHelp-seeking

Barriers to help

Reasons for choosing self-help

Prior knowledge

Support workerThe intervention

Positive aspects

Negative aspects/difficulties

AidsMotivation

Challenges

Opportunity to help self and othersParticipant engagement

Experience as an online research participant

Improvements in bulimic symptomsProgress and recovery

SecrecyPrivacy

Talking about bulimia

Conceptualizing Eating Disorders
Participants stated that their eating problems had resulted in
many negative consequences including low self-esteem, poor
self-concept, a negative view of the future, and concerns about
the impact of the disorder on their family. Participants also
spoke of feelings of isolation and shame associated with BN,
and there was a sense that their eating problems were a
significant burden in their lives: “I thought I was just a horrible,
horrible person and all I deserved was to be who I am”. [P9]

Several statements were made relating to perceptions of people
with eating disorders. There was a sense that views such as these
were damaging and affected confidence in help-seeking and
talking about eating problems: “...there’s a standard joke that
people who are bulimic are failed anorexics...and that’s an extra
thing that you carry around with you”. [P1]

Although participants had very negative feelings about their
eating problems, some interviewees expressed relief in having
someone acknowledge their eating problems: “I could take a
deep breath and think oh my god (laughs) this is real. Because
of all those years of people saying to me oh you’re just jumping
on the band wagon and all the rest of it”. [P1]

The statements by these participants seemed to indicate a turning
point and a sense that now their problems had been
acknowledged by another person (the researchers), that they
then could accept them and start to tackle these problems.

Help-seeking
All participants discussed their past help-seeking and their
experience of various treatment and support options including:
their GP, formal therapy, self-help books, and support groups.

Negative experiences described included: difficulty in
understanding self-help books, unsatisfactory support services,
and the feeling that their problems were dismissed or
inadequately dealt with: “...that I’ve tried over the years is
talking to my GP, various GPs about it and just been fobbed off
so... Yeah I’ve been turned, turned away by I think it’s 4 GPs
who’ve all said it’s not a problem”. [P1]

The most common barrier identified by the majority of
participants was the lack of access to treatment through the
NHS. There was a general sense of low expectations of the NHS
and a portrayal that these individuals felt that they had to arrange
help for themselves: “And also because there’s not much help
out there for like, you know if you go to your doctors there’s a
long waiting list, that’s if you get help, so it’s just wanting to
recover and get whatever help is available...”. [P2]

Practical issues and readiness for change were also identified
as barriers to accessing help in the past. Travelling to an eating
disorders center or therapy session, taking time off work, and
thus having to disclose the eating disorder was identified as a
problem. Individuals voiced being reluctant to seek help or had
chosen to manage their problems alone, often due to the common
feelings of shame and embarrassment known to be associated
with the disorder: “I’ve tried, er, self-help books, you know
looked at books in the library...Em, I never really wanted to
take them out because of the embarrassment of asking for them
over the counter”. [P1]

The issue of prior knowledge about eating disorders and their
treatments was raised by a few interviewees. The extent to which
participants understood eating disorders varied with one
participant expressing confusion concerning the causes of her
BN and another stating that despite having a sound knowledge
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of the problem, she was unable to use this information to help
herself: “I used to work with adolescents and the adolescents
either had eating disorders or were self-harmers so I had a lot
of knowledge that I never applied to myself”. [P1]

Participants outlined various reasons for choosing self-help.
There was a sense that the self-help approach seemed like a
desirable alternative to traditional face-to-face treatment,
primarily because of the private, convenient, flexible, and
anonymous nature of the treatment. Autonomy and the ability
to deal with these problems independently were also highlighted
as attractive aspects of self-help materials: “you didn’t have to
sit there with a patronising (pause) um person, being judged
every week on whether you follow what she actually said to
you or not”. [P7]

Two participants also stated that feelings of desperation led
them to seek help on the Internet, an indication again that
perhaps other routes of accessing support for their eating
problems had been unhelpful or undesirable. The following
statement highlights the serious situation that these undiagnosed
and untreated individuals are in and the importance of
community initiatives in order to identify and support such
individuals: “I was really, really desperate...when people are
looking through Internet websites for online help...it’s the
question between living and dying really and that’s where I
was”. [P9]

The Intervention
Interviewees were largely positive about the online package.
Many participants stated that OBO was helpful because it
increased their understanding of their problems. Participants
also said that the intervention was very specific and gave them
useful skills and tools that they could use to improve their
situation. There was a general indication that the package was
educational and easy to understand: “It helps you tackle other
stuff as well, and being assertive, it sort of just really—it teaches
you the whole lot of it, if you get what I mean. It’s just not one
thing, it’s lots of little things I think now that cause it”. [P8]

Participants expressed that a particularly useful element of the
package was the “Letter from the future” and also the
“challenging unhelpful thoughts” session with the thought
flashcards: “I think the most helpful idea was the idea of the
letters from the future...actually just thinking about it, in 10
years time do I actually still want to be in the same position and
thinking about the things that I might be missing out on”. [P6]

Again, participants highlighted the notion of privacy and
autonomy as being a positive aspect of such a treatment. The
fact that the treatment could be accessed without others knowing
about it was cited as a main advantage of OBO. The convenient
and quickly accessible nature of the package was also outlined
as an advantage: “...it was good because it was convenient so
uh huh you could fit it into, you know, the rest of your life”.
[P5]

Participants also mentioned a number of difficulties or
challenges that they faced when using the self-help package
including technical difficulties, a lack of support, and
motivation. A key difficulty identified by participants was the
fact that the package was not tailored enough to their needs.

Participants described the fact that some content was not new
to them, the package was designed to meet the needs of a group
of people with BN rather than the individual, and one individual
got the impression that the package was aimed at younger users:
“...if you click back by accident you end up losing everything
so that’s a bit rubbish” [P7] and “there was probably was a need
for a personal element but em, a bit more tailored like em, like
that fitted somebody who was 20 years down the line”. [P4]

However, it was acknowledged that this difficulty was perhaps
an inevitable aspect of using an online self-help package.
Participants also expressed difficulties in implementing aspects
of the package such as a healthy eating regime, using the anxiety
control training, and challenging unhelpful thoughts: “I did start
to kind of engage with a healthier eating pattern but I
immediately started to put on weight so that was, that really put
me off”. [P6]

Other difficulties include the lack of discretion of the web pages
of OBO with participants saying they could not use the package
unless they were alone because the topic of the package was
very obvious: “...the package itself when you go online it, it
was quite clearly that it is to do with bulimia, bulimia so I
couldn’t use it a lot of the time”. [P4]

This links closely to another difficulty experienced by some
participants: lack of privacy to use the package. Two participants
said that they found it difficult to get time alone to use the online
package without people such as family members interrupting
them.

Interviewees referred to the workload involved in completing
the package and the pace at which they completed the sessions.
Many said that they were unable to complete the sessions at the
pace suggested, one session per week ,and although the majority
of participants referred to the workbooks, they were often not
actively used: “I think it’s quite a bit to be involved in the
package...found er um, almost impossible to do one a week”
[P6] and “the thought of having to fill more books in and logs
and things when you do that sort of thing all day it just, it’s just
a complete turn off”. [P4]

Participants stated that the support worker was a valued element
of the intervention and that it was good to have someone there
to help with their progress through the package without
judgment: “...she has made a huge huge difference so I
appreciate all the chats I’ve had with her and she’s good...yeah
I think it’s made, it made a massive massive difference”. [P7]

Additionally, email support was considered an effective means
of receiving the support. Participants also referred to the
flexibility of the support. One stated that it was helpful to change
their support medium when required. Others said that they wish
they had taken advantage of this flexibility, perhaps indicating
that this option should have been promoted more: “I think that
it might have been better for me for sometimes to actually email
and say I want to talk over the phone about this”. [P5]

However, some participants outlined the fact that the weekly
contact from the support worker made them feel pressured to
complete the sessions, and one participant indicated that she
did not engage in the support sessions because she felt guilty
when she had not made any progress with the package: “I didn’t
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find it supportive because it asked about 5 or 6, if not more
questions of which I couldn’t answer any of them because I’d
only just literally been given access to the online package”. [P4]

Another participant said that she did not feel that the support
helped her progress, although she did appreciate the texts from
the support worker: “Em, that, that didn’t really help me either
way...I think (the support worker) just used to text me everyone
now and then to see if I was ok. Which was nice”. [P8]

Some participants suggested that it would be helpful to have
continued support after the 8-10 week intervention period. They
said that it would beneficial to have follow-up sessions with
their support worker in the months following the intervention
to discuss how things are going and perhaps keep them on track
with the improvements they had made: “You know like not
completely cut off the contact but...Yeah. But stay in touch even
for a longer period of time”. [P9]

Motivation
A general feeling of low motivation was portrayed by some
participants, indicating that this was a major obstacle to their
progression with the intervention: “Well, er actually, it was
easier to just not really do it”. [P7]

Two individuals said they had to work on getting the motivation
to start the package: “...it’s been quite hard to sort of em, I
suppose, motivate myself... because I always thought that once
I got treatment, it would, you know, getting the treatment would
be the difficult thing and then once I started, you know, it would
be easy”. [P5]

A lack of support was also cited as something that affected
participants’motivation in using the package. Some individuals
stated that they would have benefited from more human
interaction.

Interviewees cited a wide variety of things that aided them in
maintaining motivation while using OBO. The support worker
was the most commonly cited aid. Participants said that the
support worker helped to reassure them about various issues
relating to the package and helped them move past difficulties
and continue through the package: “I think if it hadn’t been for
(the support worker) at that point. I would have thought that
it’s not it er is obviously not working, it’s not worth persevering
with”. [P1]

Knowing that there was someone there who knew that they were
using the package and asking how things were going helped
some individuals to maintain their motivation: “you’ve still got
that person in the background who’s wanting you know, wanting
to know what’s happening so that’s motivation”. [P1]

Other aids highlighted by interviewees included: telling family
members about their use of the package, the study newsletter,
completing the follow-up questionnaires, thinking about the
“Letter from the future” and actually completing the sessions.
Planning and goal setting was identified as important by some
individuals, with some participants expressing difficulties in
completing the sessions, acknowledging that planning their next
session was really needed to make any progress: “...you’ve got
to just try and be determined haven’t you, set yourself the goals

to do it. (hesitation) mmm you know work towards achieving
those goals”. [P2]

Finally, some participants were motivated to use the package
because they saw it as an opportunity for change and to address
their eating problems: “I just thought, if I don’t take this
opportunity and sort of, em, give it my best shot, mm huh then
I was going to go back to how I was”. [P5]

Participant Engagement
This theme relates to participant’s experiences of taking part in
the online research study. Many participants saw taking part in
the study as a significant opportunity to gain access to treatment
with many participants portraying a significant desire for change
in their lives: “I thought er this is great, an opportunity you
know to take part in the study, to do something that I er I
wouldn’t normally be able to access”. [P1]

Participants also expressed the fact that they wanted to make a
contribution to the research and aid the development of treatment
for the future, to help others with similar problems: “...you’re
kind of involved in a research study which means that you’re
kind of doing something which might benefit other people as
well”. [P5]

The online nature of the research process was generally
acceptable to participants with many participants saying that
the website was easy to use and that completing questionnaires
online was convenient and economical: “I think in this day and
age online is a good thing”. [P7]

Privacy and Secrecy
The concepts of privacy and secrecy were pertinent throughout
the dataset and related to many of the themes. As outlined, the
desire for privacy with regard to their eating problems affected
help-seeking behavior and the preference for the self-help
approach. The private nature of OBO was cited as a significant
advantage of this intervention. However, the desire for their
eating problems to be kept hidden meant that some individuals
had limited external support when their support sessions ceased
with some saying that they had no one else to talk to about their
problems. This had an impact on their motivation to address
their problems. Additionally, as previously described,
maintaining secrecy with regard to their eating problems had
an impact on participants’ use of the online sessions and
accompanying materials because they did not want others to
see them: “I don’t actually have anybody else, there’s nobody
else in my life day to day that I’ve told about this”. [P6]

This desire for privacy and secrecy was acknowledged as
damaging by one participant. This participant said that having
used the intervention, she is now more open to talking about
her eating problems: “And there’s something about you know
it being hidden and awful that it’s not helpful isn’t it...It just
feeds itself”. [P1]

Progress and Recovery
Many participants said that they had made noticed improvements
in their bulimic symptoms and behavior with regard to food and
eating: “I’m nearly recovered now em...I think it was sometime
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in June that I last made myself sick and even that was a one
off”. [P8]

Others had identified more subtle differences in their behavior
by applying some of the skills they had learned from the
package. For example, one participant found the Rules of
Healthy Eating particularly helpful: “...actually saying, ‘that’s
your meal over’ kind of thing yeah and I’ve done that quite a
few times without really thinking of it”. [P9]

However, there was some indication that the package perhaps
could not completely solve eating problems with some
suggesting that more time and support are required to address
these problems. Related to this point, some participants
mentioned other helpful forms of support that they had accessed
for their mental health problems including high intensity
specialist psychotherapeutic help such as a therapist, Cognitive
Analytic Therapy, and a social worker. “..it’s not just something
that you can get over in 8 weeks”. [P7]

Finally, one participant said that the package helped her to gain
a more internal locus of control with regard to her eating
disorder and her recovery and made her take a more autonomous
approach to addressing her problems: “I realised throughout
my recovery that there is no one else that can help me but myself
that was just, just an eye opening moment...” [P9]

Discussion

Summary and Discussion of Key Findings
This qualitative study is a significant contribution to the growing
body of literature regarding participants’ experiences of using
the online self-help package “Overcoming Bulimia Online” for
bulimia nervosa. These participants were recruited from the
wider community rather than a specialist eating disorders setting
or student setting, and all participants were supported by a
nonspecialist for the first time in a BN research study of this
kind. This method has previously been successful in a study of
cCBT for depression [13]. Participants expressed a range of
attitudes towards help-seeking, and in particular, their negative
past experiences support statements made in previous studies.
As in Sanchez-Ortiz et al’s [9] study, participants indicated that
many previous sources of support had been unsuccessful
including: counseling, self-help books, CBT, and GP visits.
There was a general sense of negativity regarding accessing
traditional treatments, an awareness of long waiting lists, and
one participant reported being turned away or “fobbed off” by
a GP. This experience supports the statistics from a beat (UK
eating disorders voluntary sector organisation) survey [14] in
which only 15% of respondents felt that their eating problems
were understood by their GP. Thus taken together the findings
highlight the fact that perhaps there needs to be more
information and training available to primary care workers.

This lack of faith in traditional treatments and participants’
negative past experiences influenced the decision to try the
online guided CBT self-help approach. Additionally, the private,
accessible, and convenient nature of online CBT was attractive
to interviewees. These reasons for choosing self-help have been
cited in previous studies of computerized CBT [8,15,16] and

seem to represent a key attraction of the self-help approach for
those who do not wish to pursue traditional routes of treatment.

Similar to the findings of previous studies of the OBO package
[8,9], the support that participants received from their support
worker while using OBO was commented on frequently and in
the present study was seen as a core element of the intervention
for the majority of participants, particularly in relation to
maintaining motivation. This is important as the support was
not provided by a clinician, as in previous studies, but was still
considered as highly helpful and desirable by the majority of
participants. This highlights the fact that support can be
effectively delivered by trained nonspecialist health care
workers, overcoming the problem of the lack of CBT therapists
in many areas. This supports the view that low intensity CBT
can be delivered by individuals who have had self-help training
rather than specialist CBT training, therefore increasing access
to psychological therapies and reducing the cost of psychological
interventions for bulimia nervosa.

Another significant finding was that some participants expressed
the desire for follow-up support sessions following the block
of 8 support sessions they received while working through the
package. There was a sense that some participants felt
abandoned when the support ceased, and follow-up sessions
may be needed to help keep participants on track with their
progress, particularly for those with little or no social support.
This suggestion for how to improve the support provided is
valuable and could be easily implemented in future delivery of
the intervention.

Motivation was widely cited as a problem in using the online
package with many individuals saying that it was often difficult
to maintain drive and determination to engage with the package.
The support worker, goal setting, and seeing themselves making
progress were all cited as increasing motivation. However,
factors such as a lack of progress with the sessions, the feeling
that the intervention was not working, and the fear of gaining
weight all hindered motivation to engage with the intervention.
The latter factor is significant as it is something that can be
tackled within self-help packages. It is possible that an additional
session early on in the package addressing body image and
weight concern may specifically help to alleviate such concerns
and may prevent such worries from interfering with the
individual’s engagement with the later sessions and their
implementation. The site was overall considered to be
user-friendly, despite some reported minor technical difficulties
with navigation.

The findings showed that the desire for privacy and secrecy had
a detrimental impact on participants’ help-seeking, their use of
the intervention, and the support they could seek from family
and friends. This finding highlights the often cited problems
faced by individuals with eating disorders such as shame,
embarrassment, and the attached stigma. This may be a reason
that individuals with eating problems often do not seek the help
they need. This shame and embarrassment may also mean that
individuals are less willing to seek support from significant
others such as carers or health workers when they do take the
step to seek help and engage with an intervention. This supports
the need for community-based initiatives in order to identify
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and engage such individuals who do not wish to access help
through traditional channels. Future research should examine
these feelings of shame and investigate how they can be
overcome to allow individuals to seek the help they need,
whether it is through traditional (NHS) or nontraditional routes
including direct self-referral or interventions offered via the
voluntary sector such as beat.

Overall participants expressed positive attitudes towards taking
part in the study and saw it as a valuable opportunity to not only
help themselves but also to contribute to the research and
possibly help others with similar problems. As in the two
previous qualitative studies of OBO [8,9], some participants
outlined the fact that they had noticed improvements in their
eating problems. This supports the use of online CBT as a first
step in the treatment of even chronic bulimic type eating
problems, as recommended in the NHS National Institute for
Health and Clinical Excellence guidelines [1].

The online nature of the research project was popular with many
participants saying that they felt it was easy to participate and
that completing the questionnaires was convenient and efficient.
This suggests that this online format could be an efficient,
effective, and acceptable method of recruitment, screening, and
data collection, especially in a group of individuals who perhaps
want the entire research process and intervention to remain
remote and anonymous.

Limitations
The study had some limitations. First, the sample size was
relatively small, and the randomization for the interviews took
place before the end of recruitment meaning those who entered
later could not be interviewed. However, as it is a qualitative
study in which a small sample size is expected, the important
issue is one of saturation rather than generalizability, and
saturation was achieved. Also, the sample consisted of purely
community-based users who were actively seeking help and
chose to take part in a study on cCBT and therefore may have
more positive attitudes towards the approach than those seeking
specialist therapies. This may affect the relevance of the findings
in a clinical setting. The aim of the study was, however, to
investigate experiences of community-based users and their
engagement with an online self-help package with remote
support. This delivery model may serve as a valuable support
option for individuals in community and voluntary sector setting.
Future research should assess uptake and efficacy of cCBT in
clinical practice in order to gain a more complete knowledge
of the potential of cCBT as a treatment for BN.

Despite these limitations, this study adds to the growing body
of research in this area, first, because the participants had been
recruited directly from the community through various avenues.
The sample had a wider age range than previous qualitative
studies, and the mean age was also higher in this study than
previous studies, providing the opinions of an older group of
user with the majority having chronic eating problems.
Additionally, community-based recruitment meant that a variety

of individuals entered the study, which means that the results
may be more relevant to the general population than in previous
studies of young people and students. The study provided further
qualitative data from individuals who may not normally access
treatment due to the lack of services available to them or the
desire for privacy in relation to their eating disorders.

Conclusions and Implications
This study provides valuable information regarding participants’
views of taking part in an online research study and may
influence the implementation of future community based
projects, within the area of mental health. The information
regarding the factors that aid and hinder participants’motivation
in using online self-help could also be used in the development
of future online self-help strategies in order to maximize
adherence and health and mental health-related outcomes.
Finally, the study was the first of its kind to include individuals
who had been involved in a guided self-help intervention for
BN that used solely nonspecialist support workers and has
established the acceptability of this type of support.

In the NHS, this intervention could be tested and, if successful,
applied by staff members including assistant psychologists,
nursing staff, or other members of staff trained in the delivery
of self-help materials. This approach would save resources,
reduce waiting lists, and therefore increase access to
psychological therapies to those who are suitable for and willing
to use cCBT resources. The guided self-help model therefore
has the potential to improve productivity and facilitate early
intervention. The implementation of cCBT will also aid the
achievement of the NHS targets as it allows the treatment of
high numbers of patients with minimal therapeutic input.
However, the results of a recent survey of Scottish NHS boards
indicated that NHS policy and infrastructure may not be fully
in place to support to implementation of cCBT in many areas
[17]. Overall, most of the health boards possess the required
software to use cCBT programs. However, the majority of NHS
health boards reported that they lack dedicated computers for
patient use, hence access to cCBT at NHS sites is limited.
Additionally, local policy in the majority of boards prevent staff
from routinely contacting patients via email, Skype, or instant
messenger, making the delivery of short efficient support
sessions difficult.

For cCBT to be successfully delivered in the treatment of BN
within a guided support model, as recommended by national
guidelines, dedicated patient computers should be provided to
allow access to online interventions. Additionally, IT policy
should allow staff to support patients in convenient ways such
as via email or live chat, and procedures need to be developed
to allow this within confidential and appropriate clinical support.
These measures would increase access to reputable,
evidence-based, and expertly supported online packages such
as OBO; this would serve as an alternative to poor quality mental
health websites and potentially harmful “pro-ED” websites that
many individuals, in the absence of specialist treatment, with
eating problems encounter online [18].
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Abstract

Background: The field of gene therapy is rapidly evolving, and while hopes of treating disorders of the central nervous system
and ethical concerns have been articulated within the academic community, little is known about views and opinions of different
stakeholder groups.

Objective: To address this gap, we utilized social media to investigate the kind of information public users are seeking about
gene therapy and the hopes, concerns, and attitudes they express.

Methods: We conducted a content analysis of questions containing the keywords “gene therapy” from the Q&A site “Yahoo!
Answers” for the 5-year period between 2006 and 2010. From the pool of questions retrieved (N=903), we identified those
containing at least one theme related to ethics, environment, economics, law, or society (n=173) and then characterized the content
of relevant answers (n=399) through emergent coding.

Results: The results show that users seek a wide range of information regarding gene therapy, with requests for scientific
information and ethical issues at the forefront of enquiry. The question sample reveals high expectations for gene therapy that
range from cures for genetic and nongenetic diseases to pre- and postnatal enhancement of physiological attributes. Ethics questions
are commonly expressed as fears about the impact of gene therapy on self and society. The answer sample echoes these concerns
but further suggests that the acceptability of gene therapy varies depending on the specific application.

Conclusions: Overall, the findings highlight the powerful role of social media as a rich resource for research into attitudes
toward biomedicine and as a platform for knowledge exchange and public engagement for topics relating to health and disease.

(J Med Internet Res 2013;15(3):e44)   doi:10.2196/jmir.2313

KEYWORDS

gene therapy; social media; content analysis; ethics; public opinion

Introduction

The field of gene transfer, often referred to as “gene therapy”,
is rapidly evolving and generating hope for the treatment of a
large variety of diseases and disorders [1,2]. Research
developments and clinical trials are often featured prominently

in traditional news media and on the Internet [3], and both media
domains contribute to public expectations and health decision
making. Existing alongside promises about the medical benefits
of genetic research, which are often emphasized in news media
[3], are ethical concerns about laboratory and clinical research
and its translation into clinical settings [4,5]. Within the
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bioethics community, topics such as the risk-benefit tradeoff in
human studies, potential inadvertent transmission of germline
changes, the blurring of the distinction between research and
treatment with attendant issues surrounding informed consent,
and the possible use of gene therapy for nontherapeutic
applications have been debated [4,5]. While these issues are
covered prominently in the traditional news media and online
when an event such as the death of a research participant occurs
[6,7], little is known overall about how prospective patients and
the broader public think about these concerns and indeed the
extent to which they are concerned at all.

Our work draws on past studies that have polled public opinion
regarding genetics research. In general, these survey studies
have focused on testing existing basic scientific knowledge,
perceived acceptability of treatments, and new scientific
developments such as cloning. The results from these studies
reveal ambivalence about gene therapy, and that acceptability
is linked to the potential for treating serious diseases [8,9]. In
a meta-analysis of survey research on various aspects of
genetics, Singer showed that just over half of the respondents
would be willing to undergo gene therapy, but that this measure
of acceptability climbs to nearly 90% in the context of curing
a fatal genetic disease in children or fetuses. Strong predictors
of these attitudes are the degree of religious belief or practice
[10]. These survey studies are all structured around fixed
questions and thus do not capture emergent opinions or reflect
participant-driven concerns. This is a particular concern for
affective variables such as those related to ethics content, for
which close-ended questions have low validity and risk creating
framing effects, for instance by implying that an issue ought to
be of ethical concern by asking if it is [11,12].

As people increasingly communicate through various forms of
online media, it has become possible to use websites and online
applications to assess freely initiated opinions and attitudes on
a large variety of health-related topics [13,14]. Online social
media hold particular potential for both the identification of
attitudes and priorities when considering health interventions
[15] and as a global, widely used, and accessible platform for
engagement. As research investigating public attitudes and
interactions through the lens of social media grows, various
frameworks are emerging, such as narrative analysis of social
media content [16]. Another such framework is infodemiology,
the science of distribution and determinants of information in
electronic media, including but not limited to the Internet and
mobile applications [17,18]. The goal of infodemiology is
ultimately to use the knowledge gained to inform public health
and public policy. Examples of research using Internet
parameters to survey health include the tracking of flu-related
searches on an Internet search engine [19] and the examination
of vaccine criticism on webpages [20]. The multidisciplinary
field of infodemiology is emerging as a lens through which we
can observe the health-seeking behaviors of people involved in
social media and their attitudes towards health and illness [17].

Elucidating public perceptions of scientific research and clinical
trials is crucial to a full understanding of contemporary
biomedicine, which both influences and is influenced by public
understandings of health, and which interacts with public
opinion through mechanisms such as funding structures, patient

advocacy, and protest, lobbying, and debate [21,22]. This
broader understanding of the social context of research is also
crucial for effective science communication. In recent decades,
there has been much discussion of the failures of top-down
dissemination of scientific knowledge to improve public trust
in science, increase scientific literacy, or produce more engaged
scientific citizens [23,24]. Effective communication relies on
the diverse forms of knowledge, expertise, and attitudes that
different public audiences bring to the conversation [23,24] and
on taking seriously its multidirectional nature [25]. Though
social and online media introduce concerns about accuracy,
trust, and expertise [26-29], they offer new possibilities for
communication and for breaking down traditional barriers
between expert scientists and public audiences. Research into
how social media are used is crucial to grounding future efforts
to utilize these platforms to promote public engagement with
biomedical research and its clinical application [30].

The proposed methodological shift from dissemination to
dialogue has been motivated and accompanied by a normative
argument about the political and ethical desirability of fully
engaging public audiences in scientific research [23,25,31,32].
Arguments for reciprocal public engagement are particularly
pressing for biomedical research, which can have a profound
impact both on people’s health and on their sense of self and
social relations and for clinical domains where decisions about
treatment are rarely black and white. The present study delivers
insights into current concerns and information-seeking practices
surrounding gene therapy among users of a highly trafficked
social media website. In doing so, the study adds to knowledge
about the specific challenges of communicating genetics
research [33,34] and contributes to a growing body of
knowledge about the possibilities of social media for public
engagement [27,29].

Methods

Study Design
We conducted a content analysis of questions containing the
keywords “gene therapy” from the Q&A site Yahoo! Answers
for the 5-year period between 2006 and 2010.

Sample and Data Mining
We mined the online Q&A website Yahoo! Answers to obtain
the sample of question and answers for this study. Yahoo!
Answers is a website belonging in the social media family. It
constitutes a social software that specifically supports interactive
dialogue and user-generated content, blurring boundaries
between media producer and consumer. Launched in 2005,
Yahoo! Answers is a free, community-driven “knowledge
market”. On the site, users can both submit questions to be
answered and answer questions posed by other users, with a
points system being used to encourage participation. While
points have no value, they serve as an indicator of how active
a user is, and reaching point thresholds (levels) can give a user
more site access. For each question, a “Best Answer” is selected
either by the asker or through votes by the community. Yahoo!
Answers was chosen over other similar Q&A sites based on
two criteria: (1) it was the Q&A site gathering the largest traffic
(as measured by unique monthly visitors measured by analytics
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provider Compete) at the time of the study, and (2) returned the
largest number of matches for a search of the keywords “gene
therapy”. According to December 2010 estimates by Quantcast,
an audience measurement provider, Yahoo! Answers traffic is
made up of similar proportions of male (47%) and female (53%)
users, with the most present age groups being 25-24 (23%),
35-44 (22%), and 18-24 (19%).

We used a customized automatic program retrieval method to
search for “gene therapy” on the Yahoo! Answers result pages
in the 5-year time period between January 1, 2006, and
December 31, 2010. Data fields for questions, answers, and
users from each page were parsed and stored. Duplicates and
irrelevant retrievals were manually removed from the database.

Coding and Intercoder Reproducibility

Coding the Questions
The first phase of the analysis considered the questions. The
entire sample was coded by one investigator (JR), using a coding

guide developed by 2 coders (JR and LW) from a pilot analysis
of a random sample of 10% of the data. A second coder (TJ)
analyzed 20% of the final sample to test for reproducibility,
tested via percentage intercoder reliability. Reproducibility was
initially 93%, and remaining disagreements were settled through
discussion to achieve consensus.

We used an emergent coding strategy where categories were
established after an initial, preliminary examination of 10% of
the sample by two independent coders. The coding structure
was developed to capture the salient thematic features of our
sample as identified in our preliminary analysis. The final coding
guide comprised the following major themes: (1) type of
question (eg, request for scientific information, opinion
gathering), (2) application of gene therapy (eg, disease treatment,
enhancement), and (3) ethical, environmental, economic, legal,
and social implications (eg, effects on self, impact on society)
of gene therapy. We further coded for subthemes within each
major theme. For an example of the coding strategy used for
the question sample, see Table 1.
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Table 1. Example of coding strategy (questions).

SubthemeaTheme

Question features

Question ID

Year

User name

Theme 1

Type of question

Science information

Effectiveness

Progress

Risks

Ethical, environmental, economic, legal, social issues

Education

Careers

Opinion

Polemic

Other (describe)

Theme 2

Applications of gene therapy

Disease treatment

Disease cure

Disease prevention

Enhancement

In utero

Sexual orientation

Other social modification (describe)

Theme 3

Ethical, environmental, economic, legal, social issues

Resource allocation

Effects on self

Change to society

Discrimination

Nature

God and religion

Evolution

a Multiple subthemes within a theme may apply to a single question.

Coding the Answers
We analyzed answers given by users to the subset of questions
that contained a theme related to ethics, environment,
economics, law, or society (ie, those that received a code under
Theme 3) of the coding guide for questions. This focus derived
from our specific interest in the views of public users on ethical
and societal implications of gene therapy, shaping the
development of a second, answers-specific coding guide based

on an initial analysis of 10% of the answers. Intercoder
reproducibility was assessed in the same manner as for analysis
of the questions. The thematic categories in the answer coding
guide were (1) attitudes towards applications of gene therapy
(eg, explicitly for or against enhancement), and (2) ethical,
environmental, economic, legal, and social implications of gene
therapy (eg, risk-benefit balance, diversity). We further coded
for subthemes within the main themes using the same methods
applied to the questions.
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Questions and answers were the unit of analysis to which
individual codes were applied. We used a rich coding strategy,
allowing multiple categorizations of individual questions and
answers [35]. The analyses of both questions and answers could
be considered a form of mixed-methods research, utilizing an
initial qualitative and theory-driven evaluation of a sample to
produce a coding guide amenable to further quantitative content
analysis. This approach is appropriate when the goal is to
produce a representative picture of a large population but
without wanting to determine the coding schema in advance
[36].

Statistical Analysis
We used descriptive statistics to quantitatively characterize the
composition of the both the question and answer samples
generated by the coding guide.

Results

Final Sample
The initial search for questions submitted to Yahoo! Answers
between 2006 and 2010 and containing the keywords “gene
therapy” yielded 1187 entries (see Figure 1 for a schematic of
the sampling procedure). Duplicates and questions that did not
discuss gene therapy were removed. The resulting final sample
for the questions contained 903 entries. From this question
sample, we retrieved 173 questions containing a theme related
to ethics, environment, economics, law, or society for analysis.
The initial answer sample from these 173 questions contained
787 entries. Following removal of answers that did not discuss
gene therapy, the resulting answer sample contained 399 entries.
We chose quotations that are representative of each analytic
category to illustrate and discuss individual themes.

Figure 1. Data sample. Diagram showing the samples for questions and answers and the relationships between data sets.
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Questions

Types of Questions
The sample of questions regarding gene therapy was diverse
(see Table 2 for a breakdown and examples). Nearly half of the
questions (49%) included a request for information about the
science of gene therapy. These questions related to areas such
as the methods for carrying out gene therapy and the process
by which cells can express new genes. Other questions focused
on possible ethical, environmental, economic, legal, and societal
implications of gene therapy (19%), including references to god
and religion, societal outcomes of gene therapy, and impact of

gene therapy on the self. A similar proportion of questions (18%)
was about the progress of gene therapy and probed whether
gene therapy was currently available for different diseases.
Questions directly probing the opinion of other users on various
aspects of gene therapy made up 13% of the sample. Smaller
subsets of the questions included requests for information about
careers in gene therapy (3%), information about risks (3%), and
information regarding the effectiveness of gene therapy, in
which users often expressed knowledge about the availability
of gene therapy but were unclear on efficacy (3%). A small
proportion of questions (1%) was polemic in tone.

Table 2. Examples of types of questions.

YearExamples of questionsFrequency (%)Subtheme

2006How do they [providers of gene therapy] change the genetic makeup in all the millions
of cells?

49Science

2007Could ny1 giv me a short paragraph on 'Somatic cell gene therapy' for a gene therapy
essay on cystic fibrosis

44Education

2006Is it ok to build the perfect or elite human or is it only ok to fix genetic diseases such as
alzimers?

19GE3LS

2010Is there any gene therapy available for parkinson’s disease?18Progress

2007If we have a gene therapy injectible, which would make you illness free, and comes free,
would you go for it?

13Opinion

2009hi, […] i really am interested in gene therapy. what would i have to take for […] post
grad for a career in gene therapy?? i want to work in a lab and do research etc.... that kind
of job. so what career options would be open for me?

3Careers

2006What are the risks involved in using gene therapy?3Risks

2008To what extend is gene therapy effective in treating cancerous diseases?3Effectiveness

2006Modern Day Liberalism. Mental Illness or Mental Deficiency? I'm not sure witch one. I
know the main syptom is intellectual laziness and the inability to see reality and thier
surroundings. If its an illness than it should be able to be cured. If its a deficiancy than
its genetic and cannot be cured without gene therapy. What do you think.

1Polemic

Applications of Gene Therapy
All questions were coded for mentions of specific applications
of gene therapy (Figure 2). Applications focused largely on
disease treatment or cure (27%). A fifth of all questions (20%)
mentioned a specific disease or condition; 39 such diseases and
conditions were recorded from the sample ranging from benign
(acne) to severe (Alzheimer disease) (see full list in Multimedia
Appendix 1). Of the questions mentioning a specific disease,
25% were about cystic fibrosis, 15% were about various forms

of cancer, and 7% were about diabetes, with other diseases
represented by smaller portions.

Other questions mentioned nontherapeutic applications of gene
therapy, such as enhancement performed in children or adults
or in utero. Figure 2 illustrates the subthemes within
enhancement, with the most common being enhancement of
physical appearance. Other forms of enhancement included
increasing lifespan and unusual types of enhancement, such as
gaining superhuman characteristics (eg, wings, chloroplasts)
(Table 3).
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Figure 2. Uses of gene therapy. A) Codes for uses of gene therapy encountered in the question sample. B) Codes for the types of enhancement
encountered in the question sample.
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Table 3. Examples of types of enhancement.

YearExampleTheme

2007Would you have gene therapy if it really could make you look 18 again?Appearance

2007A genetic researcher stated that […] gene therapy will drastically increase human life spans.
Assume he is correct, how would life change?

Lifespan

2006With today’s advances in gene therapy, can people ever expect to have wings?Superhuman

2010Is there a gene therapy that can make you run faster?Strength and fitness

2007In the future, will it be possible to make humans more intelligent...? With gene therapy? I’ve
heard about this, they’re already thinking about trying it with mentally retarded children, and in
the future they may well be able to do it with adults as well.

Intelligence

2007Now that we are in the age of gene therapy and genetic engineering, would you gene boost
yourself?

Unspecified

Ethical, Environmental, Economic, Legal, and Social
Implications
We further coded all questions referring to ethical,
environmental, economic, legal, and societal implications of
gene therapy (19% of total sample, see above section on Types

of Questions). The major subthemes (Table 4) were the impact
of gene therapy on society (5% of total sample), on the self
(4%), and god and religion (4%). Other subthemes were resource
allocation (2%), evolution (1%), nature (1%), and
discrimination/equity (1%).

Table 4. Examples of ethics, environment, economic, and legal themes in questions.

YearExampleTheme

2007[…] With gene therapy and other genetic research going on out there I’m sure scientists will
know how to turn off the “aging gene or genes” sooner or later. […] I’m sure there are benefits
and unforseen side effects on the human body and in civilization in general.

Change to society

2007Do you think the tendency toward fundamentalism is genetic? If so, could gene therapy wipe
this disease out […]?

Effects on self

2010Do atheists need genetic therapy? There has been a discovery of a “faith” gene in scientific re-
search that theorizes faith could be genetic. Could this be the “mark” that is talked about in the
Bible?

God and religion

2009[…] I have to have 3 bioethical issues to discuss, and I can’t find anything other than, death
from trials of gene therapy, and that only the rich can benefit. […]

Resource allocation

2008[…] But if scientists were to take [gene therapy] a step further and maybe alter genes to have
perfect vision, better immune system, change genes to make a child taller, etc. If this was done
successfully and it was applied to many child or embryos, would it be right to say that child
that did not have gene therapy to get superior genes be inferior in a way? Then could they be
considered to be a sub-class of humans […]?

Discrimination and equity

2009If you were pregnant and found out your baby was going to be retarded, […] and the doctor
told you that with experimental gene therapy it could be fixed while still in the womb by ma-
nipulating a single gene, would you do it? Or would you let nature run its course?

Against nature

2009How cloning, gene therapy, and other technologies affect evolution?Evolution

Answers
In the second phase of analysis, we studied the answers given
to the subset of questions referring to ethical, environmental,
economic, legal, and societal implications of gene therapy
(n=173; 19% of total sample). Below we first characterize the
number of answers generated by these questions and then report
the coding results under the major themes of the analysis: (1)
attitudes towards applications of gene therapy, and (2) ethical,
environmental, economic, legal, and social implications of gene
therapy.

Answer Statistics and Response-Generating Topics
Questions containing a theme related to ethical, environmental,
economic, legal, or societal implications of gene therapy (n=173)

had a mean of 4.5 answers each (range: 0 to 25
answers/questions). Nearly two thirds of the questions (63%)
had 1-3 answers. We retrieved the questions that generated the
top 1% of number of answers/question (≥ 17 answers/question).
Ten questions from our sample (10/173) met this criteria. Of
these 10 questions, 7 were about gene therapy to modify sexual
orientation; the other 3 were about gene therapy for longevity,
gene therapy for enhancement in adults, and gene therapy for
enhancement in utero.

Attitudes Towards Applications of Gene Therapy
Users expressed general attitudes about gene therapy in 65 of
the answers (Table 4), of which 75% answers were in favor of
(for) gene therapy. Out of the 38 answers in which attitudes
were instead expressed specifically regarding nontherapeutic

J Med Internet Res 2013 | vol. 15 | iss. 3 | e44 | p.173http://www.jmir.org/2013/3/e44/
(page number not for citation purposes)

Robillard et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


enhancement (eg, a use of gene therapy not aimed at treating
or curing diseases, but rather at enhancing human characteristics
such as appearance or intelligence), only 39% of users were in
favor. Various arguments were stated both for and against gene
therapy, which we identified through the positive or negative
valence of the answers. Examples of these arguments (Table 5)
included making the most of emerging technologies and abiding
by religious rules. The proportions for acceptability were similar
in the case of enhancement in utero (Figure 3).

In addition to these attitudes about applications of gene therapy,
answers revealed attitudes regarding ethical aspects of gene
therapy. In this context, a majority of answers (>50%) suggested
that gene therapy was against nature, that it was not against
religion, that it held the potential to control evolution, and that
it would lead to discrimination and inequity as well as to uneven
resource allocation.

Table 5. Examples of attitudes towards gene therapy and its applications.

YearExampleTheme

2009Support it [gene therapy], it could save lots of lives and maybe even yours one day.For gene therapy

2009[…] The last thing we need to do is to genetically alter natural life.Against gene therapy

2006Cobble a gene together and create a new characteristic for man. That is the future. I hope I
will be able to get some cool characteristic like a sonar.

For enhancement

2007We wish to go back to heaven where we once belong, so preserving/cure human health is al-
lowed, but enhancing it may mostly seen unethical.

Against enhancement

Figure 3. Attitudes towards gene therapy. General attitudes towards applications of gene therapy encountered in the answer sample.

Ethical, Environmental, Economic, Legal, and Social
Implications of Gene Therapy
While some ethical issues that arose in the question sample
were also present in the answer sample (eg, impact on self and
on society), new ethical issues emerged in the answers. We
describe here a few qualitative examples from these themes that
appeared in only a few instances. While in the questions users

asked about risks of gene therapy, in the answers users
responded by demonstrating reasoning about the dependence
of the risk-benefit calculation on the availability of other options
(1%): “[…] Although, cancer is generally treatable whereas
X-SCID is fatal so it’s not necessarily the end of the world if
someone gets cancer since there are options” (2008). Other new
concepts included conformity and diversity (2%), as some users
saw the advent of gene therapy to be a threat to genetic diversity:

J Med Internet Res 2013 | vol. 15 | iss. 3 | e44 | p.174http://www.jmir.org/2013/3/e44/
(page number not for citation purposes)

Robillard et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


“Imagine if everyone could create the kid of their dreams. There
would be nothing on this planet but perfect-looking human
beings. And imperfect on the inside…” (2007). As well, the
answers sample discussed issues around freedom of choice
(2%), as some users felt gene therapy might become mandatory
for certain conditions: “[…] Fixing birth defects is cool, but
government interference in our baby kids is just less freedom”
(2009).

Discussion

Principal Results
This content analysis of questions and answers about gene
therapy from a major online social media platform provides
new insights into public discourse on gene therapy. The results
show that (1) social media users are seeking a large variety of
types of information regarding gene therapy and, after requests
for scientific information, the cluster of ethical, economic,
environmental legal, and social issues are at the forefront of the
discussion, (2) questions about gene therapy reflect high
expectations that range from cures for a large number of
diseases—both genetic and nongenetic—to enhancing various
physiological features before and after birth, (3) fears primarily
concern changes to self and society, and (4) the acceptability
of gene therapy varies depending on specific applications.

Comparison With Prior Work
These results are consistent with those of an international survey
about gene therapy in which 75% of responders supported the
personal use of gene therapy, but significantly fewer supported
specific applications involving nontherapeutic enhancement
[37]. Those data and others suggest that acceptability of human
genetic manipulation is weighed according to the perceived
benefits and risks of the intervention [9]. Another previous
study, examining prospective attitudes to gene therapy among
patients uncovered significant concerns about effects on personal
identity [38], again echoing the findings of the present study.
Studies looking at genetic testing and engineering report that
religious practice and beliefs are predictors of attitudes towards
these technologies [10], consistent with the prominent religion
theme in the present sample.

Better information on public attitudes is crucial to informing
debate about the meaning, directions, and applications of
biomedical research, augmenting academic discussion with
public and stakeholder voices [24,31,34,39,40]. This study joins
a growing body of research utilizing the potential of social media
to capture such voices without the constraints of close-ended
questionnaire research, or the problems of access and resources
that are attendant to in-person ethnographic or sociological
research [14,15]. Research harnessing the multidirectional
features of online communications may take various forms,
such as the tracking of the distribution and determinants of
information online (infodemiology) [17-19], narrative analyses
of social media content [16], computer-assisted data crawling
[41], and the assessment of the impact of using social media
platforms such as blogs on experiences of illness [42]. These
emerging frameworks and methods are aimed at both better
understanding, and ultimately improving, health and health

policy, and they constitute a reflection of the growing role of
social media in health communication [30].

By studying user-generated content, we were able to demonstrate
high levels of interest in gene therapy—and in its potential
environmental, economic, legal, and social
implications—without intervening with a clipboard or audio
recorder. Although the disadvantage of this hands-off approach
is that we were not able to probe users’ perspectives directly,
we were able to sample a diverse range of apparent motivations
for asking and answering questions. These included a
demonstrated interest in particular diseases, dissatisfaction with
physical appearance, concerns about procreation, educational
needs, and, interestingly, a desire to generate debate outside of
institutionalized, top-down science communication frameworks.
We uncovered concerns around nontherapeutic enhancement,
including discussion about impact on selfhood and
authenticity—a topic deserving further research. The
spontaneous nature of communication on social media thus
gives insight into public interests and attitudes, and the diversity
of information-seeking practices. Its participatory format also
suggests possibilities for enriching public engagement. For
instance, there was a high level of demand for scientific
information. This finding supports arguments made in the
context of Wikipedia and blogging for scientific voices to join
in online discussion and information curation, rather than just
posting static texts on institutional websites [29]. Overall, this
study emphasizes the value of taking social media
seriously—even Q&A websites, which are often criticized for
disseminating inaccurate information. In particular, the
prominence of spontaneous debate of ethical issues suggests
that such platforms are a good setting for public engagement,
augmenting more formal, top-down practices such as the
consensus conference or public panel debate [43].

Despite its promise, online public engagement with health
information and biomedical research raises concerns. Scientists
keen to garner public trust and support, health care providers
worried about poor decision making, or educators trying to
promote evidence-based learning, all bemoan the “wild west”
qualities of the Internet [44]. An increasing amount of research
has highlighted shortcomings of online health information,
ranging from uneven quality of medical information to the
potential for harm and the risks of overconsumption of health
information [44]. More work needs to be done to assess the
current state of online information and how it can be made more
accurate, relevant, and open. This study argues for attending to
what people seek to know in this endeavor and to the active
nature of intra-user information sharing over traditional
source-to-receiver model of information transmission. Our
observation that users often reasoned according to the social
context and possible alternatives of particular applications,
rather than giving a universal risk-benefit analysis, emphasizes
the importance of elucidating context in public engagement
activities.

Analysis of traditional media forms has often focused on the
way in which research is framed and the potential effects on
public opinion and health decision making [45]. For instance,
news reports frequently frame stories about genetics in a way
that emphasizes the potential benefits of genetic research [3];
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as another example, deep brain stimulation is often reported in
the form of miracle stories that lack discussion of ethical issues
[46]. As Johansson (2011) points out, however, optimism and
fears may be represented in different media information
channels, resulting in an array of perspectives that may not be
fully integrated [47]. When discussing the impact of a particular
media form, it is thus important to remember that it is only one
among many. For instance, we speculate that important media
contexts for gene therapy include the positive framings of future
treatments in the news media, dystopian fictional representations
of cloning, the wide circulation of religious concepts in secular
contexts, and a broader culture that increasingly views the
physical body as a malleable platform for shaping the self [22].
Q&A websites themselves seem to be characterized by a diverse
range of framings of gene therapy and situate ethics discussion
within more pragmatic information-seeking and in relation to
a range of positions and styles of reasoning.

Limitations
Despite the attractions of using social media as a research tool,
we also appreciate the limitations of this study. Research using
social media lends itself to selection bias, as it can be difficult
to establish whether the study population represents the sampling
population [48]. Our answer sample is also susceptible to
response bias, especially when the question contains an explicit
opinion that may direct and frame the discussion. While these
biases inevitably limit the generalizability of our results and
call for replication and convergent evidence, this study provides
specific insight into the information-seeking patterns and the
attitudes of the large Yahoo! Answers community.

Another limitation relates to our sample: it derives from a single
social media platform, and while Yahoo! Answers boasts high
traffic and relatively broad demographics, it may not represent
public attitudes as a whole, including those of nonInternet users.

Nonetheless, the consistency of the present findings with related
studies on attitudes to gene therapy suggests that Yahoo!
Answers attracts a sufficiently broad segment of the population
to act as a proxy for public opinion at this level of analysis. We
recognize that in aiming for a generalizable sample of public
attitudes, we are not attending to the more specific interests and
expertise that particular user-groups such as patients, religious
groups, or health professionals might bring to this topic. The
absence of reliable demographic information on Yahoo!
Answers also poses a limitation. While it protects the anonymity
of users, it makes it impossible to verify the authenticity of
content. As well, Yahoo! Answers users are not required to
volunteer sociodemographic details such as age or gender, and
our study design does not involve contacting the users in any
way, thus limiting our ability to undertake statistical analyses
by age, gender, or other demographic characteristics to establish
correlates of attitudinal findings. Finally, we cannot confirm
that Yahoo! Answers users possess a clear understanding of
what constitutes gene therapy. However, as our interest is in
interests and opinions rather than in the accuracy of public
knowledge, it is appropriate that we examine what users
understand as gene therapy.

Conclusions
Overall, we find a rich discussion of gene therapy and associated
ethical issues on a social media platform, which represents a
spontaneous form of public engagement but also highlights a
need for improved communication about gene therapy. The
present work and future studies in this area are critical to inform
research and medical communities of the current state of
information-seeking and discussion regarding fast-paced
advances in their fields and highlight the need for
evidence-based and reciprocal communication between the
academy and diverse publics.
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Abstract

Background: Recruiting pediatric samples for research may be challenging due to parental mistrust of the research process,
privacy concerns, and family time constraints. Recruitment of children with chronic and genetic conditions may further complicate
the enrollment process.

Objective: In this paper, we describe the methodological challenges of recruiting children for research and provide an exemplar
of how the use of information technology (IT) strategies with social networking may improve access to difficult-to-reach pediatric
research participants.

Methods: We conducted a cross-sectional descriptive study of boys between the ages of 8 and 18 years with Klinefelter syndrome.
This study presented unique challenges for recruitment of pediatric participants. These challenges are illustrated by the report of
recruitment activities developed for the study. We reviewed the literature to explore the issues of recruiting children for research
using conventional and IT approaches. Success rates of conventional recruitment approaches, such as brochures, flyers in medical
offices, and physician referrals, are compared with IT-based outreach. The IT approaches included teleconferencing via a Klinefelter
syndrome support group, services of a Web-based commercial recruitment-matching company, and the development of a
university-affiliated research recruitment website with the use of paid advertising on a social networking website (Facebook).

Results: Over a 3-month period, dissemination of over 150 recruitment brochures and flyers placed in a large urban hospital
and hospital-affiliated clinical offices, with 850 letters to physicians and patients were not successful. Within the same period,
face-to-face recruitment in the clinical setting yielded 4 (9%) participants. Using Web-based and social networking approaches,
39 (91%) agreed to participate in the study. With these approaches, 5 (12%) were recruited from the national Klinefelter syndrome
advocacy group, 8 (19%) from local and teleconference support groups, 10 (23%) from a Web-based research recruitment program,
and 16 (37%) from the university-affiliated recruitment website. For the initial 6 months, the university website was viewed
approximately 2 to 3 times per day on average. An advertisement placed on a social networking site for 1 week increased website
viewing to approximately 63 visits per day. Out of 112 families approached using all of these methods, 43 (38%) agreed to
participate. Families who declined cited either travel distance to the study site (15, 22%) or unwillingness to disclose the Klinefelter
syndrome diagnosis to their sons (54, 78%) as the reasons for nonparticipation.

Conclusions: Use of Web-based technologies enhances the recruitment of difficult-to-reach populations. Of the many approaches
employed in this study, the university-affiliated recruitment website supported by a Facebook advertisement appeared to be the
most successful. Research grant budgets should include expenses for website registration and maintenance fees as well as online
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advertisements on social networking websites. Tracking of recruitment referral sources may be helpful in planning future
recruitment campaigns.

(J Med Internet Res 2013;15(3):e48)   doi:10.2196/jmir.2286

KEYWORDS

patient recruitment; research subject recruitment; health information technology; social networking; Klinefelter syndrome

Introduction

Recruiting children for research can present many challenges
due to parental mistrust of the research process, privacy
concerns, and family time constraints [1,2]. Children with
chronic and genetic conditions may further complicate the
recruitment process [3]. For studies conducted in the United
States, additional challenges exist including regulations and
guidelines that direct how researchers contact and enroll
participants for studies.

Prior to 1996, medical treatment of children was based on
clinical trials and the testing of products and medications that
were conducted in adults [4]. Although many treatments were
effective for adults, some were shown to be ineffective or
harmful to children [4]. In 1996, members of a joint workshop
of the American Academy of Pediatrics and the National
Institute of Child Health and Development issued a consensus
statement calling for children to receive adequately tested
treatments recommending efforts to include children in research
[4]. In1998, the National Institutes of Health (NIH) established
a policy with guidelines requiring that children must be included
in all human subjects research that is conducted or supported
by the NIH unless there was a scientific or ethical reason for
not doing so [5]. The goal of this policy was to increase child
participation in research for the purpose of generating data
specific to the treatment of children [4,5]. However, inadequate
representation of children in selected areas of low-prevalence
diseases, orphan conditions (such as Klinefelter syndrome), and
genetic conditions persist [6]. More innovative approaches to
the enrollment of pediatric volunteers in clinical studies are
needed.

The general public increasingly uses information technology
(IT) as a source of health information. Approximately 80% of
the American public search for health information using Internet
sources [7]. Researchers are now turning to the Internet as a
tool to recruit target study populations [8-14] for Internet-based
interventions in conditions such as hypertension [15], diabetes
[16-18], smoking cessation [8,12,19], human immunodeficiency
virus risk management [13], and depression [14].

The Internet offers many opportunities for informing potential
research participants about a study. These include email
[8,20,21], discussion boards, blogs [8], search engines [20,21],
study websites [20-22], and Web-based platforms for matching
researchers with participants. Each form of Web-based
communication provides opportunities and challenges for subject
recruitment.

On the one hand, exposure of information to vast numbers of
Internet users creates an enormous opportunity for visibility
and communication with potential research participants. At the

same time, the recruitment process can be sabotaged by
problems on the Internet, such as emails sent to spam folders
[8-10], discussion board and blog administrators blocking
content associated with the researcher [9], and poor choice or
lack of adequate keywords on study websites that diminish
search engine exposure [23]. A key limitation of the use of
Internet-based recruitment activities include the inability to
reach socioeconomically or educationally disadvantaged groups
as well as culturally diverse populations who may lack access
to the Internet or familiarity with its use [10]. In the same vein,
potential recruits to a study may not be receptive to unsolicited
emails, or may not trust the legitimacy of the sender [8]. Clinical
investigators encounter special challenges when attempting to
recruit children as research volunteers, especially those who
have low-prevalence diseases or genetic conditions [6,24].

The purpose of this paper is to describe methodological
challenges associated with the recruitment of children as
volunteers in research and to discuss how IT may improve
access and enrollment of children in research. A case study of
our experience in recruiting boys with Klinefelter syndrome for
an exploratory cross-sectional study is used to illustrate specific
challenges encountered with a difficult-to-recruit pediatric
research population and how IT was used to support the
enrollment of participants in the study.

Research Recruitment Challenges
Successful enrollment of clinical research participants is both
a science and an art. A number of factors, including patients,
health care professionals and researchers, structural and
organizational entities, and history, interact to compromise or
undermine successful enrollment of patient volunteers into a
clinical study [1]. Patients may have limited access to research
information and might not fully understand the role of clinical
research in the advancement of knowledge for drug and
behavioral therapy development [1,21]. They may also worry
about or mistrust researchers and their institutions due to lack
of understanding about the research process or associated risks
and benefits [1,21,25]. Patient characteristics, such as culture,
language, and religion [1], may further reduce the chance of
successful enrollment. Health care providers may play an
important role in gaining access to potential participants, but
also may represent barriers to such access [1,2,21].

Health care providers in nonacademic settings may have a
limited understanding or interest in clinical trials or may have
misgivings about academic institutions [1,26]. Community
health care providers may also have concerns about losing
control over their patient’s care, or losing the patient to another
provider [1,26]. Full-time clinicians are frequently pressed for
time in caring for patients and may be concerned about the
additional administrative workload and lack of administrative
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support for research activities [1,2,26]. This concern may lead
to financial disincentives for clinical providers to become
involved in informing their patients about research enrollment
opportunities [26]. Researchers themselves sometimes fail to
recognize how they may contribute to recruitment and
enrollment problems in their own studies. Lack of training and
proficiency in communication for the conduct of research with
low-literacy populations may lead to misunderstandings between
the researcher and potential participant and, in turn, lower
response rates of participation [1].

Other barriers facing researchers include lack of attention to the
mistrust of the population to be recruited, failure to demonstrate
cultural sensitivity, and lack of training in understanding health
care disparities in underserved populations [1]. These barriers
are often unrecognized by researchers and get in the way when
attempting to gather the desired sample. Structural and
organizational factors may also be associated with the desire or
ability of people to volunteer for research [1]. Researchers need
to consider logistic arrangements to facilitate patient
participation, such as creating convenient times and locations
for study participation.

Communities may also be sensitive about allowing researchers
entry into their environment, especially when they perceive that
their participation in the scientific efforts does not result in any
return or reward at the community level [1]. This concern makes
it very difficult for researchers to re-enter the same community
or for the community to be approached by other researchers.

The history of disreputably negative research practices persists
in the minds of the public and these perceptions may influence
the attitudes of potential research volunteers. The awareness of
inhumane treatment by Nazi researchers during World War II
and the infamous Tuskegee Syphilis Project conducted by the
US Public Health Service from 1932 to 1972 [27] may promote
overall fear and mistrust about the research process in the minds
of many potential research participants.

Levels of Protection that Challenge Research
Recruitment
In the United States, several guidelines offer protection to the
public with regard to personal health care and participation in
research. Public Law 104-191, also known as the Health
Insurance Portability and Accountability Act (HIPAA), was
enacted to protect the privacy and personal health information
of the public [28]. The HIPAA requirements also guide
researchers on how to protect the privacy of research
participants. Although all health care providers and researchers
are required to obey these laws, many members of the public
may be apprehensive of the attendant side effects of
disseminating private medical information by researchers. Levels
of protection, designed to benefit the public, also may impede
progress in the timing and accomplishment of recruitment.

Although pediatric researchers are charged with the
responsibility of recruiting children for research, several
challenges exist in such efforts. Because parents are legally
responsible for their children, it is the parent who must be
approached for permission for their child to participate. Parents’
willingness to have their child participate in a study may be

influenced by their perception of benefits, risks, and barriers to
participation [2]. The child must also assent to the activities of
the research project. The child’s willingness to participate in
the project may depend upon his/her developmental status and
any vulnerability related to illness, chronic condition, or
communication disabilities. Children may view research
participation as a positive experience, including a wish to help
others, reward incentives, and the desire to have a fun experience
[2]. These positive motivations may be offset by anticipated
unpleasantries, such as blood tests, disagreeable medication
regimens, or interruptions in their daily lives [29]. The
child-recruit is embedded within a family with complex daily
schedules often including parental work, school schedules, and
sport practices or other extracurricular activities. All members
of the family, including the child’s siblings, influence the busy
family schedule. Researchers must anticipate and accommodate
time commitments of the family as well as considerations for
transportation and commute time. Finally, the parents and the
child-recruit must be prepared to agree about certain
participation risks and unpleasantries such as completing
multiple forms and surveys, or medical examinations, including
blood collection.

Methods

Case Illustration: A Study of Boys With Klinefelter
Syndrome
The exemplar case illustrates our recent experience with
recruiting boys with Klinefelter syndrome for participation in
a cross-sectional study. Traditional approaches to recruitment
fell short of obtaining the desired sample and expanding the
approach with IT resulted in a significant gain in enrollment.

Klinefelter syndrome is a genetic condition caused by the
presence of an extra X chromosome (karyotype 47, XXY). This
condition occurs in an estimated 1 in 450-500 male births
[30,31]. Although it is not rare, it is extremely underdiagnosed.
Approximately 64% of affected males are not aware of the
diagnosis, and of the 36% who are aware, only 10% are
diagnosed in childhood [32]. Klinefelter syndrome in adults is
associated with androgen deficiency, gynoid distribution of
body fat, gynecomastia, small testes, and azoospermia [33,34].
Individuals diagnosed with Klinefelter syndrome during
adulthood report childhood developmental delay; speech,
language and learning problems; and psychological issues
including depression, shyness, aggression, and social interaction
difficulties [35,36]. Klinefelter syndrome poses increased health
risks throughout the life span, including increased risk for
cardiovascular disease, diabetes, and osteoporosis [37].
Diagnosis of Klinefelter syndrome during childhood may
represent an opportunity to address both physical and
psychosocial health challenges.

Klinefelter syndrome is a misunderstood condition owing to a
paucity of research in children, lack of clear clinical guidelines
for treatment during life stages, and unfortunate conclusion
errors made by early researchers that suggested men with
Klinefelter syndrome were at increased risk for criminal
behavior [38-40]. As a result, Klinefelter syndrome families
may struggle with inadequate information, lack of support,
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perceived stigma, and uncertainties about their son’s health
[41]. Current research focused on boys with Klinefelter
syndrome report fairly small sample sizes, ranging from groups
of less than 20 [42-44] to the largest reported cohort of 93 [45].
Misunderstandings about Klinefelter syndrome may contribute
to reluctance on the part of many men and families of young
sons with Klinefelter syndrome to discuss or disclose
information about their diagnosis to others [24].

We conducted an exploratory descriptive study to better
understand phenotype, biomarkers, and psychosocial health
parameters of boys with Klinefelter syndrome between the ages
of 8 and 18 years [46]. The study protocol included a physical
examination, blood collection for reproductive and
cardiovascular biomarkers, and psychosocial health
measurements including quality of life, self-esteem, self-concept,
and risk for depression. The Columbia University Institutional
Review Board approved the protocol for this study. For this
exploratory study, sample size was based on a moderate
correlation of at least 0.40 between the clinical characteristics
and psychosocial variables as observed in studies of
health-related quality of life and polycystic ovary syndrome
[47,48]. For a correlation of 0.40 with alpha=.05, a total of 46
subjects were required for a minimum power of 80%. No
previous studies with a Klinefelter syndrome population studied
the relationship between clinical characteristics and psychosocial
health. Recruitment was planned with traditional approaches,
including contacting patients in a local pediatric endocrine
practice; sending letters to pediatricians, pediatric
endocrinologists, geneticists, and genetic counselors; and the
use of recruitment flyers and brochures placed strategically
throughout the medical center. After sending 850 letters, placing
150 brochures and fliers, and approaching 23 families during
clinical visits, only 4 boys were recruited in a 3-month period.
It became readily apparent that the traditional approach would
fail to achieve the minimum sample size of 46 according to our
sample size calculation. Thus, a more innovative approach was
devised using IT and social networking.

New recruitment strategies included the development of a study
website, in-person information sessions, Web-links,
teleconferences, and email access to members of a national and
several regional Klinefelter syndrome support organizations,
as well as registration with a computer platform clinical
recruitment-matching service. Each strategy is briefly described
subsequently.

Klinefelter Syndrome Study Recruitment Website
A study information and recruitment website [49] was created
using the keywords Klinefelter syndrome, KS, boys with KS,
and KS phenotype to increase the likelihood that people
searching the Internet for information on Klinefelter syndrome
might find the website when conducting searches. The website
pages provided information regarding the study and its eligibility
requirements, study procedures, and how to contact the
researcher for further information or enrollment. The study
website home page screenshot is shown in Multimedia Appendix
1.

Patient Advocacy Associations
We contacted a national Klinefelter syndrome advocacy
association, Knowledge Support & Action (KS&A) [50], who
agreed to place information about our study with the study
website link on their website. A screenshot of KS&A home
page is provided in Multimedia Appendix 2. Regional
Klinefelter syndrome support groups with links to the national
organization then invited us to give live presentations about our
study at their meetings and also agreed to send emails about the
presentation and the study to their members. One of the regional
groups, the Klinefelter Syndrome Global Support Group
(screenshot is shown in Multimedia Appendix 3), offered a
monthly parent teleconference. Over a 3-month period, we were
able to explain the purpose of the study and to respond to
questions regarding our protocol.

Web-Based Clinical Recruitment-Matching Service
RecruitSource is a search engine and computer platform for
matching clinical research participants with researchers [51].
A screenshot of the RecruitSource home page can be seen in
Multimedia Appendix 4. Researchers can register details about
their study and provide eligibility requirements for matching
with potential participants.

Patients who might be interested in research participation
register their health information via PrivateAccess [52] as shown
in Multimedia Appendix 5. This website is a secure Internet
registry that enables them to control who can and cannot see
all or selected parts of their personal health information. This
IT-based platform prescreens the potential participants who
give advance privacy directives about their health information
and are asked whether they wish to be contacted by a researcher.
The incentive for people using this registry is that they can share
their personal health information with properly authenticated
doctors, researchers, or family members on a secure Internet
platform. All contact information is coded and encrypted for
privacy. The potential participant gives specific permission to
be contacted by the researcher. Once the patient is registered,
the researcher receives information about participants who have
expressed an interest in being contacted for possible inclusion
in the study. This service is provided at no cost to the researcher
if the RecruitSource Web link is accessed via a patient advocacy
association. In this case, the study was linked to the KS&A
organization, a national advocacy association for Klinefelter
syndrome [50].

Social Networking
Social networking is often defined by Web-based platforms,
such as Facebook and others. Social networking, however, may
also include face-to-face and teleconference transactions with
groups, audiences, researcher-participant, and
participant-participant networking. Participant-participant
networking is the central component to the recruitment strategy
known as snowballing [53]. We used all these networking
processes in our Klinefelter syndrome study. The interlinking
of IT-based and face-to-face networking provided an opportunity
for multiple modes of information exposure about the study.
Midway into recruitment, we decided to conduct a short trial
of a Facebook advertisement (ad) as shown by the screenshot

J Med Internet Res 2013 | vol. 15 | iss. 3 | e48 | p.182http://www.jmir.org/2013/3/e48/
(page number not for citation purposes)

Close et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


in Multimedia Appendix 6. Because we had not anticipated this
strategy a priori, funding for advertising was limited.
Nevertheless, we wished to observe how a 1-week social
networking ad might impact exposure to the study website.

Results

Of 112 families approached, 43 (38%) agreed to participate.
The most frequent reasons for families declining participation
was nondisclosure of the diagnosis to their sons (54/112, 78%)
and geographic distance from the study site (15/112, 22%).
Most parents who had not disclosed the diagnosis to their sons
feared that their sons would learn of the diagnosis through
participation.

Recruitment approaches for the participants in the Klinefelter
syndrome study are summarized in Table 1. Recruitment using
IT and social networking yielded a greater number of
participants (39/43, 91%) compared to use of traditional
approaches (4/43, 9%).

Of the 69 families who declined, over one-fifth (15/69, 22%)
came from direct clinical contact; almost twice that number
(29/69, 42%) declined during support group presentations, and
one-sixth (10/69, 16%) declined during the national KS&A

meeting. The most frequent reason for decline was parents not
wanting their boys to learn of their diagnosis (n=54, 78%) and
travel distance to study site (15/69, 22%).

In an effort to boost activity from general Web users, we placed
an ad on Facebook. The ad ran for 1 week in June of 2010,
targeting a general audience. Impressions are the raw number
of times an ad is shown to different Facebook users. The
Facebook ad was shown a total of 2,522,169 times. Social
impressions reflect the number of times the ad was shown with
social context who visited the study webpage. There were 2835
social impressions for this ad resulting in 509 clicks directly to
the study website’s home page. At a total cost of $311 for the
week’s ad, this represents the researcher’s cost of $0.61 per
visit. Prior to placing the ad on Facebook, the study website
received 2 to 3 visits per day. During the week of Facebook
advertising, website visits climbed to an average of 63 visits
per day. The Klinefelter study website activity increase in
response to the Facebook ad can be seen in Figure 1.

Because multiple techniques were employed to attract this
difficult-to-reach population, it is difficult to attribute any one
recruitment approach to increasing the number of participants
in this study. Figure 2 shows a timeline of the 1-year recruitment
process.

Table 1. Number of participants using traditional and information technology with social networking recruitment approaches to the Klinefelter syndrome
study (N=43).

(%)nRecruitment approach

94Traditional

00Physician letters

00Patient letters

00Brochures

94Clinic referral

9139Information technology and social networking

125Advocacy group

198Support groups and teleconference

2310RecruitSource

3716Study website with Facebook ad
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Figure 1. Response (visits per day to the Klinefelter syndrome study website) during Facebook advertisement period showing increase in activity
during Facebook advertising.

Figure 2. Recruitment to the Klinefelter syndrome study by source timeline.

Discussion

The Internet represents an increasingly valuable resource for
researchers, especially for those who wish to understand the
social and cultural context of the populations they are attempting

to reach [54]. Since the advent of IT as a common mode of
communication, researchers have learned many lessons about
the pearls and pitfalls of using this recruitment approach. In
difficult-to-reach and vulnerable populations, such as Klinefelter
syndrome families, our experience has led us to understand
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better that more than 1 recruitment technique may be required
to inform potential participants and to foster trust in them. We
believe that the construction and launch of the study website
served these 2 important purposes. We were, however, unable
to attribute increased participation due to any 1 technique,
including placement of the Facebook ad. Important lessons were
learned during this challenging recruitment process, such as the
need to track how participants make decisions about whether
to participate. We were unable to track which potential research
candidates came from the study website activity while the
Facebook ad ran because we did not have access to the server
log. Anecdotally, several families reported that they chose to
participate only after being exposed to the study information
from multiple sources. Some families reported that friends or
other family members who saw the Facebook ad contacted them
to let them know about the study. Once informed, these families
conducted either a general Internet search, visited the website
directly, or visited the KS&A website for more information.
Most importantly, we discovered that we need to track sources
of recruitment more carefully in the future by surveying
participants about how they found out about the study and also
by looking at server logs whenever possible. It would also be
helpful to track website visits by Internet protocol (IP) addresses
to examine how many potential candidates are first-time or
repeat visitors. Because we were unable to attribute which of
our recruitment responses came from the Facebook ad, we are
unable to estimate the cost per participant. This information
would have been very helpful in planning cost allocation for a
future study.

Since the advent of IT and social networking in the scientific
community, there has been a steady evolution of its use for
recruitment and Internet-based interventions. Even within the
past 5 to 7 years, much has been learned about the limitations
of Internet-based approaches and how such problems might be
mitigated.

Although early experience with the use of IT-based recruitment
for clinical research, as reported by Koo and Skinner [8], was
disappointing, others have offered solutions to optimize
challenges that make this form of recruitment difficult. Murray
et al [20] solved issues related to mass emailing and spam
management by providing recipients with the option to
unsubscribe in order to decline further contact by researchers.
They were also able to demonstrate the benefits of advertising
their study on the home page of a well-known and trusted
charity. Our Klinefelter syndrome study recruitment was greatly
enhanced by our exposure with the KS&A national advocacy
association and with support groups. Ip et al [9] addressed IT
recruitment challenges by developing a guide describing a
12-step process to improve visibility and popularity of
recruitment messages. The goal of this guide was to increase
the interest of potential participants and to offer researchers
ways in which to anticipate and respond when IT communication
difficulties arise. Recent work with Ramo and Prochaska [11]
demonstrated the value of Facebook advertising as an effective
mechanism to reach young adults in clinical research. However,
reaching a target group under the age of 18 years imposes special
issues. For example, although children can be attracted to
recruitment advertising for research, they would still be required

to obtain parental consent for participation. Although social
networking may interest a child about a research project,
additional means of informing and developing trust with a parent
are still necessary. Sullivan et al [13] and Graham et al [12]
each illustrated how changing the composition of banner
advertising may improve communication to desired target
groups. In the case of pediatric research, such customization
may promote discourse between parents and children. The
recruitment process, as described by Patel et al [21], is explained
as a dialog or discourse that takes place between the investigator
and the potential research participant. In the case of minor
children, discourse needs to be promoted between investigator,
parent, and child if pediatric recruitment is to be successful.

Our recent experience in recruiting boys for the Klinefelter
syndrome study can be described as a multilayered strategy of
communication using IT. The process of communication began
with a traditional print exposure that proved to be ineffective.
Adding the various IT communication approaches, including
the study website, a computer-based research recruitment
website, social networking on Facebook, exposure via support
groups online, and by teleconference, offered parents multiple
exposures to study information. Although our original sample
size calculation called for 46 participants based upon an effect
size of 0.40, the effect size from our study proved to be larger
(–0.47). We believe that the overall number of participants (43
boys) did not negatively affect the study.

Conclusions
Recruiting boys for a study on Klinefelter syndrome proved to
be a challenging endeavor that was best accomplished using
IT-based techniques. Important lessons were learned as we dealt
with early recruitment challenges. The first lesson is that
multiple exposures to the study information and personal contact
with the researcher may be helpful in fostering parental trust.
Parents must believe that the study, the institution, and the
researcher are trustworthy before they will agree to have their
child take part. These acts of communication, presented in
multiple ways, were central to the success of our recruitment
effort and are distinct advantages offered by IT-based strategies.
Expenses related to website creation, registration of a domain
name, website maintenance, and planning for social networking
advertising were not initially anticipated by us, but should be
considered by future researchers in the planning process when
study budgets are developed. A limitation of our reported
recruitment observations is that an in-depth recruitment analysis
was not conducted to determine how multiple recruitment
exposures occurred. Future IT-based recruitment efforts should
preplan the collection of profile data, including IP addresses
and tracking of how, when, and how many times a recruitment
website was visited. This type of data may assist in the planning
of customized approaches for the creation of more effective
social networking banner advertising. Nevertheless, the
observations from this study may advance the understanding
of how difficult-to-recruit participants, like children, might be
reached and have parental communication needs met with a
view to obtaining their consent to participate in a study. It is
noteworthy to mention that there has been inadequate
representation of children in Klinefelter syndrome research and
in other genetic conditions.
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Researchers need to expand their knowledge of how potential
recruits might be encouraged to participate in studies by
understanding the utility of traditional approaches versus IT
and other social networking approaches for recruitment. By
offering multiple opportunities for exposure, parents have the
opportunity to digest and think about the idea of having their

child participate in a study. Because IT and social networking
have become well-accepted modes of communication, these
tools enable the researcher to layer the recruitment message in
order to optimize the likelihood that recruitment efforts will be
successful.
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Abstract

Background: It is generally understood that shorter Web surveys and use of incentives result in higher response rates in Web
surveys directed to health care providers. Less is known about potential respondent preference for reduced burden as compared
to increased reward.

Objective: To help elicit preference for minimized burden compared to reward for completion of a survey, we observed physician
preferences for shorter Web surveys compared to incentives as well as incentive preference (small guaranteed incentive compared
to larger lottery incentive) accompanying an electronic request to complete a survey.

Methods: This was an observational study that accompanied a large Web survey study of radiology staff, fellows, and residents
at select academic medical centers in the United States. With the request to complete the survey, potential respondents were
offered three options: (1) a 10-minute Web survey with the chance to win an iPad, (2) a 10-minute Web survey with a guaranteed
nominal incentive ($5 amazon.com gift card), or (3) a shorter (5-7 minute) Web survey with no incentive. A total of 254 individuals
responded to the Web survey request.

Results: Overwhelmingly, individuals chose a longer survey accompanied by an incentive compared to a shorter survey with
no incentive (85% compared to 15%, P<.001). Of those opting for an incentive, a small, but not significant majority chose the
chance to win an iPad over a guaranteed $5 gift card (56% compared to 44%).

Conclusions: When given the choice, radiologists preferred a reward (either guaranteed or based on a lottery) to a less burdensome
survey, indicating that researchers should focus more attention at increasing perceived benefits of completing a Web survey
compared to decreasing perceived burden.

(J Med Internet Res 2013;15(3):e49)   doi:10.2196/jmir.2322

KEYWORDS

survey methods; Internet methods; physician surveys

Introduction

There is growing literature on methods to increase survey
response rates in the general population [1] and also specifically
among health professionals [2,3]. With respect to survey length
and incentives, it is generally understood that physicians are
more likely to respond to a request to complete a survey when

presented with a shorter survey and when the request is
accompanied with an incentive [2-5].

To our knowledge, there has been no study that has shown that
longer surveys produce higher likelihood of response in a
physician population. Some, however, have shown that shorter
surveys perform better [2], and we know that with issue salience,
length is associated with burden, which in turn is associated
with increased nonresponse [3]. Specifically, in a comparison
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of surveys of various word lengths, Jepson and colleagues
concluded that 1000 words may be a threshold of where
physician likelihood of response falls off [6].

There is some evidence in physician populations that small
token incentives given to all (guaranteed incentives) result in
higher response rates than giving respondents the opportunity
to be chosen for a larger incentive (lottery incentives). In a
national survey of US nurse practitioners and physician
assistants, a guaranteed $5 incentive resulted in a response rate
19.5 percentage points higher than that with a lottery incentive
of the chance to win $100 [7]. Similarly a survey of emergency
physicians had much greater response rates with a $2 guaranteed
incentive compared to a $250 lottery incentive (56% compared
to 44% respectively) [8]. An Australian study simultaneously
compared the impact of survey length and lottery incentives
(compared to no incentives); however, this was a general
population survey. They found that a lottery resulted in higher
response rates to initial mailings and that a shortened survey
did not have any impact. Moreover, there was no interaction
effect between a shortened survey combined with a lottery
incentive [9].

However, the above research—and much of the literature on
which we base decisions about how to balance minimizing
perceived burden and maximizing benefit—is based on
experimental designs where individuals are not given the choice
between burden and reward. As such, preferences cannot be
observed. Instead, individuals are randomized to one of many
survey conditions with the condition producing the highest
response rate being the one that is considered the most effective.
Any one individual does not make a choice of what length of
survey or incentive they would prefer. While the use of a
randomized study design is to be lauded for its ability to isolate
the impact of any given experimental manipulation, it falls short
with respect to knowing what a respondent would prefer if given
the choice of competing survey conditions thought to either
minimize the burden directly (ie, shortening the length) or
indirectly (ie, offering incentives). Moreover, much of what is
known has been ascertained in the paper survey context; little
is known about such choices when Web-based surveys are
considered.

Here we present results from a study where potential respondents
were able to choose among three different Web survey
conditions in order to determine relative preference for burden
compared to reward. Specifically, in a population of radiologists,
respondents could choose to respond to a short survey with no
incentive, a longer survey with a token incentive, or the same
longer survey with the opportunity to win an iPad.

Methods

This study was approved by the Institutional Review Board and
determined to be exempt from informed consent requirements
due to minimal risk. In late March and early April 2012, we
sent an electronic request to radiology staff, residents, and
fellows at 16 academic health centers in the United States asking

them to participate in a survey about electronic learning
resources available to them. The substantive findings of this
study will be reported elsewhere (in preparation). The method
of distributing the survey request differed somewhat between
our home institution and other institutions. At the Mayo Clinic,
the survey request was sent one time via personalized email by
author BDN to all radiology residents, fellows, and staff. For
the remaining institutions, our residency program director sent
individualized email requests to each institution’s residency
program director with a request to forward the survey links to
the same population, although the forwarded surveys were not
requested to be personalized. The request was sent to 209
individuals at our home institution; however, as we were unable
to determine how many individuals the request was forwarded
to at other institutions, we do not know how many individuals
in total received the request to participate in the survey. In all,
more than 1 response was obtained from 9 of the 15 institutions
for which the survey requests were to be sent by program
directors.

The email request described three options for completing the
survey: (1) a 10-minute survey with the chance to win an iPad,
(2) a 10-minute survey with a guaranteed nominal incentive ($5
amazon.com gift card), or (3) a shorter (5-7 minute) survey with
no incentive. Each option was represented by a distinct link to
complete the Web survey. Within each version of the survey,
slight variations were present between questions for radiologists
and trainees to make them applicable, such as substituting
“resident” for “staff” and “your program” for “your institution”,
and the third option consisted of fewer, but otherwise identical,
questions.

In order to determine the extent to which different types of
providers may show variable preference for length and/or
incentive type, we present observed preference by key
demographic variables (career stage, institutional setting, and
region of the United States) and whether the individual reported
using an iPad or tablet for learning or referencing radiology
content. Chi-square goodness of fit tests were used to determine
significance of differences. All reported differences are
significant unless stated otherwise.

Results

At our home institution (Mayo Clinic), the overall response rate
was 50.2% (105 responses out of 209 requests). At the other
institutions, we had an additional 149 responses for a total of
254 respondents. Because the number of survey requests sent
is known only for our home institution, response rates could
not be calculated overall.

A large majority (85%) of respondents preferred the combination
of an incentive with a longer survey to a shorter survey without
any incentive. Of those respondents choosing an incentive and
longer survey, 56% chose the iPad lottery incentive and 44%
the guaranteed token incentive (not significant). Overall, the
iPad lottery was preferred by almost half (47%) of the
respondents. See Table 1.
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Table 1. Survey condition choice (length and incentive) overall and by practice characteristics among responding radiology residents, fellows, and
staff.

 5-7 minute10 minute Characteristics

P valueNo incentiveiPad lottery$5 gift card 

<.00115%47%38%Total (n=254)

<.001   Training

4%52%43%Resident or fellow (n=136)

0%50%50%Staff: <3 years (n=6)

33%48%19%Staff: 3-10 years (n=21)

27%39%34%Staff: 10+ years (n=88)

50%50%0%Retired (n=2)

.427   Setting

16%46%38%University (n=221)

7%54%39%Non-university (n=28)

.503   Region

17%44%39%Northeast (New England, etc) (n=18)

12%58%30%Southeast (Tennessee, Carolinas, Florida,
etc) (n=57)

16%43%40%Midwest (Ohio, Illinois, Minnesota, etc)
(n=173)

.725   Use of iPad/tablet for learn-
ing, referencing, or studying
radiology?

17%47%36%Yes (n=124)

 15%44%41%No (n=117)

Considering stage of training, those that were later in their career
were more likely to opt for the shorter survey than were their
counterparts earlier in their careers. When choosing a longer
survey, these individuals more advanced in their careers were
more likely to opt for the guaranteed incentive. There were no
differences in preference by university as compared to
nonuniversity setting or regional setting of the institution. There
was also no observed difference in preference by if the
individual reported present use of an iPad or tablet for
studying/referencing radiology. See Table 1.

The last question on the survey itself asked respondents to
disclose their address if they indeed wanted the incentive sent
to them (as a matter of course with the guaranteed incentive or
if they were the selected individual with the lottery incentive).
Those that opted for the guaranteed incentive were somewhat
more likely to not give their follow-up information. More than
8 out of 10 in the lottery condition gave their follow-up
information. See Table 2.

Table 2. Disclosure of contact information for gift receipt by incentive condition among responding radiology residents, fellows, and staff.

 10 minute survey 

P valueiPad lottery$5 gift card 

<.00184%69%Yes, please send me a gift or enter me in the lottery

 4%22%No thank you

 12%9%Missing

Discussion

Overall, the iPad incentive was the preferred choice among
responding radiologists, even though it was accompanied by a
Web survey that was estimated to be 3-5 minutes longer than
a no-incentive condition. In fact, only 15% of respondents opted
for the shorter survey option. This suggests that, among those

that decide to respond to a survey, reducing burden (or perceived
burden) may be less important than presenting the opportunity
for individual reward via an incentive (either guaranteed or
lottery-based). This pattern did not change with respect to most
available practice characteristics, with the exception of career
stage; those further into their career were more likely to opt for
the shorter survey than their earlier counterparts. As these
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individuals may have more competing demands, this observation
is intuitively appealing.

Observed preference for both survey length and incentive type
contradict our hypotheses based on the extant literature showing
that shorter surveys and guaranteed small incentives produce
higher response rates. We recognize that the experimental design
is different enough from past efforts so as not to cause concern
about the defensibility of our a priori hypotheses or the validity
of our findings. Rather, we think that there may be something
about the ability to choose in and of itself that is worthy of future
investigation.

In our study, we did not test the impact of choice on response
rate. However, our findings lead to the question of whether
some types of choice may actually benefit the survey’s outcome
by empowering the potential respondent or some other yet
unidentified mechanism. It is possible that offering the choice
between burden and reward could alternatively decrease overall
response rate as has been seen in studies of general populations
that offer the choice of mode [10,11]. Either way, in this study
the somewhat counterintuitive findings about preference for
more survey burden in exchange for an incentive may be useful
in designing future studies that could disentangle the impact of
the choice in of itself from the survey condition. Ultimately,
choice may be a mechanism to elicit more self-reported data
from a majority of respondents.

It is also important to note that among those individuals that
opted for a longer survey with an incentive, those opting for the
lottery incentive were more likely to provide contact information
for receipt of incentive. Fully one of five that opted for the
guaranteed incentive did not choose to accept it. This could be
because after completing the survey, they did not think that they
needed the token reward or, perhaps, because they did not want
to disclose their identity. We cannot determine the underlying
mechanism from the present study design. Perhaps an
investigation that is more qualitative in nature would help
elucidate what the underlying mechanism(s) might be, an
approach and line of inquiry recently suggested by others [3].

Our finding that among responders the iPad lottery was more
preferable than the small guaranteed incentive could have

important financial implications. Interestingly, if we assign the
value of the iPad at $600, at the number of people who opted
for this choice (120), the value was actuarially equivalent to the
guaranteed incentive of $5. Of course, because the choice was
offered, this could not have been predicted a priori, but it does
present another potential avenue for exploration.

There are a number of important limitations to the present study
that we should acknowledge to inform future work. This study
was limited to radiologists at academic health centers. Due to
the potentially unique composition of this population compared
to other physician populations, it will be important to replicate
this study design. Moreover, we do not know the denominator
at institutions other than our home institution, preventing us
from calculating a response rate. Incidentally, the response rate
at the other institutions was likely lower than at our own (149
responses from 15 institutions) and likely due to the divergent
contact protocol. However, neither the inability to calculate the
response rate nor the likely lower response rate inhibits our
ability to observe preference among responders, the primary
purpose of this study. It is also important to note that all potential
respondents were sent only one request to participate in the
survey, whereas most physician surveys have at least two
contacts. Thus it is possible that the choices we observed may
be unique to early responders.

Another important limitation relates to the choices that we
offered. We defined 5-7 minutes as “short” and a 10-minute
survey as “long”. It is possible that the perceived burden of a
survey at these two lengths was not differentiated by the
providers who chose to respond. Our survey lengths were driven
by the needs of the overarching study, not externally validated
definitions of short and long, suggesting the need for research
along these lines.

Despite these limitations, this study represents a unique
contribution to our understanding of surveying this
policy-relevant population. Moreover, it suggests that findings
garnered from experimental designs may mask important
revealed preferences by individuals when they are given the
choice to weigh perceived burden and reward to survey
completion.
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Abstract

Background: Full sharing of the electronic health record with patients has been identified as an important opportunity to engage
patients in their health and health care. The My HealtheVet Pilot, the initial personal health record of the US Department of
Veterans Affairs, allowed patients and their delegates to view and download content in their electronic health record, including
clinical notes, laboratory tests, and imaging reports.

Objective: A qualitative study with purposeful sampling sought to examine patients’ views and experiences with reading their
health records, including their clinical notes, online.

Methods: Five focus group sessions were conducted with patients and family members who enrolled in the My HealtheVet
Pilot at the Portland Veterans Administration Medical Center, Oregon. A total of 30 patients enrolled in the My HealtheVet Pilot,
and 6 family members who had accessed and viewed their electronic health records participated in the sessions.

Results: Four themes characterized patient experiences with reading the full complement of their health information. Patients
felt that seeing their records positively affected communication with providers and the health system, enhanced knowledge of
their health and improved self-care, and allowed for greater participation in the quality of their care such as follow-up of abnormal
test results or decision-making on when to seek care. While some patients felt that seeing previously undisclosed information,
derogatory language, or inconsistencies in their notes caused challenges, they overwhelmingly felt that having more, rather than
less, of their health record information provided benefits.

Conclusions: Patients and their delegates had predominantly positive experiences with health record transparency and the open
sharing of notes and test results. Viewing their records appears to empower patients and enhance their contributions to care,
calling into question common provider concerns about the effect of full record access on patient well-being. While shared records
may or may not impact overall clinic workload, it is likely to change providers’ work, necessitating new types of skills to
communicate and partner with patients.

(J Med Internet Res 2013;15(3):e65)   doi:10.2196/jmir.2356
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Introduction

As younger generations embrace technology, one of
the oldest tools in medicine, the doctor’s note, is in
its infancy of reform [TW Feeley and KI Shine,
Annals of Internal Medicine, 2011]

Forty years have passed since Shenkin and Warner proposed
that patients routinely be given “complete and unexpurgated
copy of all medical records, both inpatient and outpatient” [1].
They forecast that record sharing would enhance patient
autonomy, improve patient-physician relationships, and serve
as an educational tool. In the ensuing years, the few practices
that have opened notes and test results to patients have
confirmed such predictions [2-4]. A recent study, referred to as
Open Notes, provided patients at three large US health systems
access to primary care notes online [5]; the great majority of
patients reported greater understanding of their medical issues
and recall of their treatment plans [6]. Despite this, complete
sharing of health records with patients remains an uncommon
and controversial practice.

US law established the right of every patient to review their
medical records or request amendments [7]. Few people obtain
copies of their records due to a lack of awareness of this option
and a cumbersome process [8]. Yet many adults want full access
to their records [9-11], believing access will help with self-care
[12]. Several large health systems offer patients a personal health
record (PHR) to securely retrieve test results, make
appointments, refill medications, and email providers [13-15].
Patients using PHRs have been shown to be more engaged in
their health and have greater satisfaction with care [16-17].
Further, PHRs may be associated with improved health
outcomes [18-20].

However, PHRs do not typically provide full access to clinical
notes and test results. Physician barriers to sharing clinical notes
with patients have been described [6,11,21]. Reluctance stems
from concerns about patient harm or confusion, burden on
clinical work, and questioning of physician performance. While
not all patients will choose to view their records, and health
literacy is likely to affect information accessibility, patient
support for full sharing of records continues to escalate [22-24].

At the US Department of Veterans Affairs (VA), the initial PHR
prototype offered military veterans a “virtual window” into their
health record. The My HealtheVet Pilot afforded a unique
opportunity for patients to access their complete health records,
including primary care and specialty notes, discharge summaries,
and laboratory and imaging results. The purpose of this study
was to understand, using qualitative methods, the experience
of patients who read their records using a PHR. We sought to
determine if veterans who accessed their health data and notes
felt that such access had an impact on their care or their

relationships with their provider(s), and if they believed that
access was associated with any unintended consequences.

Methods

My HealtheVet Pilot Program
Between 2000 and 2010, nine VA facilities in Oregon, Florida,
New York, and Washington, DC, recruited 7464 patients to
enroll in the My HealtheVet Pilot. An enrolled patient
completing in-person identity proofing could access clinic notes,
hospital discharge notes, problem lists, vital signs, medications,
allergies, appointments, and laboratory and imaging test results.
Users could also manually enter personal data (eg, blood
pressure, blood sugar, weight), access educational content, and
authorize others to use the PHR on their behalf. Secure email
with providers was not yet available through the PHR prototype.
Figure 1 shows a screen shot of the portal landing page. Users
could access their records until July 2010, after which time the
Pilot was discontinued.

Study Design and Setting
To explore patient perceptions of having full electronic access
to their health records, we conducted a qualitative study using
focus group interviews. A semistructured discussion guide
(Table 1) was designed to elicit feedback about how participants
accessed their information, whether and how communication
with providers was affected, and emotional and behavioral
experiences resulting from seeing their clinical information and
providers’ notes. The study was approved by the Institutional
Review Board of the Portland VA Medical Center.

Sampling and Recruitment
This study was conducted at the Portland, Oregon VA Medical
Center. This facility achieved the highest enrollment in the My
HealtheVet Pilot program, with 72% (5361) of enrollees among
nine Pilot sites. Since the primary goal was to interview patients
with a recent experience viewing their health records, we chose
to recruit those who accessed the PHR during the 18-month
interval before recruitment. Portland VA patients were eligible
if they logged in and accessed any part of their record between
January 1, 2008, and June 30, 2009. Excluding patients who
did not use the PHR or accessed records only before 2008, a
total of 697 patients met the criteria for eligibility.

We used a purposive sampling strategy to recruit patients for 5
focus groups. For 4 groups, we targeted those who accessed
their records 10 or more times during the 18-month interval,
with the rationale that this level of use would ensure participants
had gone beyond a trial of PHR use. For a fifth group, we
recruited patients who accessed their record 2-3 times during
the interval. This allowed us to examine the experiences of
patients accessing their records less frequently.

J Med Internet Res 2013 | vol. 15 | iss. 3 | e65 | p.196http://www.jmir.org/2013/3/e65/
(page number not for citation purposes)

Woods et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. My HealtheVet Pilot landing page screenshot.

Recruitment letters were mailed to a random sample of 126
eligible patients; 45 patients and 2 family delegates responded,
of which 40 expressed interested in the study. The principal
investigator telephoned the 40 responders, providing more
information about the study and inviting each to attend a focus
group. A total of 30 patients and 6 family members attended a
session. Groups averaged 7 participants. Patient age ranged
from 49-82 years and 4 patients (11%) were women. Five of
the delegates were women. Participants signed informed consent
for the study and for audio recording the session and were given
US $25 reimbursement for travel.

Data Analysis
Focus groups were conducted between November 2009 and
January 2011 and moderated by an experienced facilitator (NP

or SW). Interviews lasted between 60 and 90 minutes. Sessions
were audio recorded and transcribed, then coded using a
conventional content analysis approach in which themes of
interest emerge inductively during analysis after all data are
collected [25]. Two researchers independently coded the
transcripts using QSR NVivo 9 software. The team met regularly
to iteratively reach consensus on code definitions, identify
themes, and resolve any coding discrepancies. Final intercoder
agreement on individual codes ranged from 89% to 100%.
Common broad themes identified included perceived benefits
to self-care and perceived benefits to participation in care, as
well as positive and negative experiences with the My
HealtheVet Pilot program. More granular analysis of these
themes is the focus of this paper.
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Table 1. Focus group interview guide.

QuestionsItem #

Relate your experience looking at your medical records prior to the My HealtheVet Pilot.1.

Talk about your experiences reading your medical records online and what type of information that you reviewed.2.

How did you make sense of the medical records you viewed? What did you do when you read information that you didn’t understand?3.

In your opinion, what has been positive about viewing your VA medical record?4.

In viewing your records, was there anything that you didn’t anticipate or that surprised you?5.

Have there been any negative issues with viewing the records? Have you experienced any stress or anxiousness from viewing any part
of the records?

6.

Did you talk to your doctor or provider about viewing the record? Can you discuss a particular experience related to this?7.

How has viewing your medical record impacted your relationship with your provider(s)? Have you noticed any changes in how your
doctor or provider writes their notes?

8.

After seeing your medical records, did you request any changes to the content of the records?9.

Did you find, as a result of viewing your records, that you changed (increased or decreased) the amount of times you called or visited
the VA? If these changed, why do you think so?

10.

What are your feelings about continuing access to medical records in the future?11.

Having been through the experience of having access to your medical records online, what would you want to tell others?12.

What expectations did you have for My HealtheVet Pilot Program? What did you think or hope would happen, reading your medical
records online?

13.

Results

Four broad themes characterized patients’ experiences with
reading the full complement of their health information
(summarized in Table 2). Three themes related to patients’
perceived benefits of electronic record access, and one theme
focused on their concerns. First, patients reported that seeing
their records had a positive effect on care communication
between visits as well as during encounters. Second, access was
felt to improve patients’ knowledge about their own health and
prompted greater desire for self-care. Third, patients reported
that health record access improved participation in their care in
a variety of ways. Last, patients described challenges resulting
from viewing clinical notes. Because there is a great deal of
interest in the field regarding the potential for patient distress
created by access to notes, our coding was highly sensitive to
this category of comments. We analyzed the minor theme of
patient difficulty in order to contribute to this discussion. Each
theme is explored further, with examples of patients’ statements
illustrating subthemes.

The analysis did not find any recurring thematic differences
between the experiences of patients having higher frequency of
PHR usage (Groups 2-5) compared to lower usage (Group 1).
We analyzed the frequency of code occurrences, or how often
a passage was assigned a particular code, and the coverage of
codes, or percentage of total text to which a code was applied.
For all groups, the thematic content was found to be similar.
While there were more numerous, less detailed utterances by
patients in Group 1, the perceived experiences of full record
access were broadly shared across the focus groups. Therefore,
our findings are pertinent to all focus groups.

Perceived Enhanced Communication With Providers
and Health Care Team
One benefit frequently described by patients was that access to
health record information served to facilitate communication
about their care. Patients reported better recall of appointments
and care issues, felt more prepared for in-person visits, and
found a greater ability to communicate with providers inside
and outside the VA.

Communication Supplement
Access to the record was considered to be a valuable supplement
to communicating in-person with providers. Several patients
reported feeling less reliant on providers and staff to relay
pertinent information during or between visits which, in turn,
allowed them to avoid situations such as remembering in-person
discussions or waiting for a phone call to be returned: “Then
eVet came along and the write-ups were real great, and I didn’t
have to wait 6 months to talk, or a year to talk to the doctor,
find out what happened almost a year ago.” (FG3) and:

Often I get very stressed at a doctor’s appointment,
don’t remember half of what’s going on and I could
go on to eVet and get my information and go, “ok,
we’re not in sync with this”…that helped a great deal
[Focus Group Two, FG2]

If they tell you something you don’t understand or
you forget, because maybe it’s bad news or something,
you go home and you really don’t remember.
Somebody will say, “What did they tell you?” Well,
I don’t know, but if you go on HealtheVet, you can
find it. [FG4]

Appointment Recall
A commonly cited benefit was assistance remembering
appointments and scheduling follow-up. Patients felt shared

J Med Internet Res 2013 | vol. 15 | iss. 3 | e65 | p.198http://www.jmir.org/2013/3/e65/
(page number not for citation purposes)

Woods et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


records offered advantages over mailed letters that may get lost
or misplaced: “I like the appointments. You know, sometimes
you forget. You go in there every couple of days and ‘Oh yeah,
I got one coming up’.” (FG4)

Preparing for Encounters
Access to notes was seen as a way to help prepare for clinic
visits. Patients described how knowledge of record content
allowed for a better understanding of what questions to ask and
consequently, to improve the visit by leading to a more efficient
encounter:

I can go in and ask more intelligent questions and we
don’t have to spend as much time with them
explaining everything to me. And then, with my stress
level up at the doctor’s office, I don’t hear half of it
and then we may have to do it again and again and
so, it helps us to have better communication [FG5]

It kind of better prepares me for the upcoming
appointment, because I’ve got the data in my own
hand. So, without starting out all over again, him
repeating a whole lot of history, we can start a
conversation at the treatment level we’re at right now.
[FG5]

Sharing Health Information
Patients described how electronic access to records helped them
coordinate care between VA and nonVA providers. They
focused on ease of access and how the information offered
important data that otherwise might not have been readily
available:

I got on it because I have a civilian doctor as well as
VA. Because I live so far from VA, so if I have a
problem I have a local doctor. It’s a hundred miles
up here, so that’s the reason I want the records
because he, my doctor, needs to see those records
too. [FG1]

Perceived Improved Patient Knowledge and Self-Care
For many patients, access to their records increased perceived
knowledge about their medical conditions and fostered a greater
sense of control of their care. Several commented that seeing
what was written about them prompted more efforts at self-care.
Patients collectively and repeatedly discussed using the Internet
to help understand medical information in their record.

Insight Into Health Conditions
Patients shared that access to clinical notes gave them what they
perceived to be greater insight about their health conditions and
treatment plans: “It was nice to be able to see what diagnoses
you had, what your conditions were because sometimes, they’re
just more than you can remember.” (FG2) and “Being a diabetic
and having liver disease, it was a lot of information, a lot of
instruction from doctors. I was always looking back to see what
they said, instructions and everything.” (FG5)

Insight Into Provider Assessments
Patients also discussed experiencing benefit by gaining insight
into their providers’perspectives that came from reading clinical
notes:

We talked about it when I was in there, but I don’t
think I gathered it all up. To see it down in writing, I
think helped me. He [the doctor] was concerned, and
he put it down there. I think just seeing it in writing
actually opened my eyes a little bit more. [FG2]

Doctors aren’t real gabby and they never tell you
everything. Even if you ask questions, they’ll sort of
slide around them. They don’t have the time, you
know. I found stuff out that I was just amazed at, truly,
about myself. [FG4]

Personal Control for Self-Care
Patients described wanting to be more responsible and take
more control of their health issues as a direct result of reviewing
their records, which was perceived as a positive influence:

It personally helped me assume the role of taking care
of my own health, which my wife, a nurse, said, “I’m
not taking care of you anymore. You’ve got to take
care of you”. So, all of a sudden, I had access to the
information so I could do that. That was very positive.
[FG3]

I found the cholesterol and all that other stuff, and it
made me start thinking about my lifestyle and how I
needed to do a little bit more on my own and not
depend on the doctor to hand me pills and stuff. It
encouraged me…I knew more. I understood more.
[FG4]

Self-Directed Internet Research
Patients in every group reported using online search tools to
learn more about diagnoses, tests, and abbreviations. Patients
felt that terminology could be confusing, yet they valued access
to all the information and tried to understand medical jargon on
their own before querying providers.

Well, you could just pop over to Google or go to the
library in there, a dictionary in there, you could pop
over and check it out and see what it’s saying instead
of sitting there sweating it out trying to figure out
what it is. [FG4]

Well, sometimes I can figure out a problem myself
either by my own online research or by just thinking
about it and saying, “Well, I’m going to try this and
fix it without the doctors involved. [FG2]

Perceived Greater Patient Contribution to Care
Patients brought their own perspectives about health care quality
while talking about their experiences reading their records.
Several patients shared how reading notes led to awareness of
a service that was needed, or not needed, from their standpoint.
They demonstrated how the information prompted more active
patient participation in discussions about their health issues and
their care.

Monitoring and Reminder Assistant
A number of patients described how access to their information,
in their view, served as a way to monitor needed follow-up,
ensuring that appropriate evaluation or treatment was completed:
“I found out I was anemic. No one ever told me. Then when I
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asked the doctor about it, I was on iron pretty quick after that.”
(FG4) and:

I had an ultrasound on my liver and I saw the results
online. It said, “Re-do in six months”. Well, six
months came around and nothing happened. So I
called the doctor and say, “Well, it said here six
months, re-do” and he said, “Well, let me look at
your records”. He says, “Oh yeah, they did say that”.
So, if I hadn’t reminded him, I probably wouldn’t
have got it [FG5]

Engaged to Discuss Health and Health Care
Patients talked about how reading their notes led to more
dialogue with providers about what was written, including
offering their opinion about whether or not the information was
consistent with what had been discussed during visits:

My Oncologist was a pretty up-front guy. But I got
on HealtheVet I found out he wasn’t as up front as I
thought he was…with his comments, what he had
written. So, when I went to see him the next time, I
said, “I’d like to know, what you think and what you
know, and what you’re predicting. So, rather than
just write it in there, tell me and then write it”. [FG4]

Participatory Care and Shared Decision-Making
Patients offered stories about how access to their records allowed
them to play a more active role with their providers as an
advocate about their care and treatment:

It just probably made me healthier than I might have
been without having the information available, to
either talk to the doctor, you know, just something as
simple as changing a medication for something. You
know, going, “Hey, look, the thing you got me on ain’t
really working that great. Let’s try something
different. What do you think about this?” [FG3]

Perceived Challenges From Reading Notes and
Electronic Documentation
Patients were repeatedly probed about stress or harm related to
reading notes. Three people responded directly that reading
notes caused initial stress. In some instances, patients expressed
discomfort about the language in notes, errors or inconsistencies
in note content, or strain on patient-provider dialogue. At the
same time, several patients voiced contrary views, opening up
discussions about pros and cons of having their information
available. A number of patients were frustrated by technical
problems that became more prevalent prior to the closure of the
Pilot.

Disclosure of Information
Statements illustrated challenges stemming from viewing newly
revealed information that had not previously been disclosed to
patients. One participant, a wife of a patient, expressed stress
upon seeing an operative report; when asked if reading such
notes was harmful, she denied harm had ensued: “I would rather
not have known. There was a lot of little things they wrote, you
know, step-by-step what had happened in his operation.” (FG1)

A second participant described concern about the potential for
negative consequences from access to all of his health
information:

I think that’s like a latent danger in all this
information and having access to it. Meaning, I have
access to my records and if there’s something that I
don’t quite understand, I go to an outside source for
feedback and even that might come across clear as
mud. So now I’m sort of left with dis-information
because it’s not serving me. That’s one of the dangers
I see for me personally. [FG1]

A few patients shed light on the challenge that greater
information access provides data that are both helpful as well
as worrisome: “I think being able to see the tests results has
created, sometimes a little more stress because ‘Uh-oh, look at
this.’ But overall, less worry, less stress because now I have
facts.” (FG5) and:

Last year I had some mental health issues. I was able
to see some things that I didn’t like what they said,
one of them being about causing my own illness. Well,
I read more about it online because I’m going, what
does he actually mean by that? It explained a lot to
me and calmed me down a lot. It really helped having
the records and reading what they said. [FG2]

Other participants denied stressful experiences from access to
their information, feeling that having all of the health record
available offered greater benefit than having partial information:

I think this is a way to encourage them to write the
whole truth and all of the truth, you know, to say it
all the way they feel it. The better for the patient.
“Well, we don’t want to tell the person this because
it may make them upset”…I say that’s a lot of bull. I
want to know. [FG2]

Just knowing....is better than not knowing, I think, in
most things in life. Because you can imagine a lot of
stuff in your health world, when you think, “Is this a
pimple or am I dying of cancer?” You go through
that whole thing. So, just knowing, just being able to
review that and say, “Okay, I’m not dying of cancer.
That’s a pimple”…gave me peace of mind. [FG3]

One patient reported that their provider did not agree with this
level of patient access: “My doctor, she didn’t like the fact that
I could see the progress notes, saying there should always be a
place where the doctors can write private notes to each other.”
(FG4)

Language in Documentation
A small number of patients mentioned what they believed to
be offensive language in notes. Some reported talking to the
note writers about their observations:

There were a couple of cases where someone had
written something derogatory about me. I was able
to see it and find out the person fabricated what they
were saying and I could bring that to the doctor’s
and admin’s attention without having to plead my
case. It was written in black and white. [FG5]
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I went to optometry, and the guy said, “These
[glasses] aren’t VA, I can’t deal with them.” Well, I
left. Then I was looking through my notes on
something else, and I ran across this guy. And
“hostile” was the word he used [in the note]. I felt
there was a wall there after that. [FG1]

Inconsistencies in Content
Several patients perceived inconsistencies in notes, citing that
information given verbally at visits was not equivalent to that
written in notes. Some patients spoke with providers about these
discrepancies; many did not. A few formally requested a change
in the record. One patient discussed seeking an alternate
provider:

One time I found something totally wrong in his notes.
It was like not even me. When I told the doctor, he
corrected it. I went back in after the visit and read it,
and he had, he’d gone in and edited his notes. It was
a real mistake, which could have cost me down the
road. [FG3]

And sometimes, you want to change doctors as a
result of what the doctor said. Not because he’s
describing it wrong, but he’s describing it

incompetently because you know yourself better than
he does in many cases [FG2]

Observations on Electronic Records
Several patients commented about electronic records and the
ability to access information remotely. Some expressed a
preference for notes that were thorough and without
redundancies; one man criticized the presence of “boilerplate”
elements in notes. A few patients voiced frustration over
technical issues with the Pilot, particularly in 2010 when notes
were not updating in a timely manner. All patients were
disappointed with its impending closure:

But the Pilot is part of the whole system and if we can
make things better by using the pilot and making our
suggestions, it makes it better for all the veterans
who’ve had bad experiences and that’s a good start
for the VA. [FG2]

Communication is the key and if you can’t
communicate with your physician, either
electronically or verbally, and this particular vehicle
that we had given to us, was to me personally one of
the best communication tools that the VA’s ever come
out with. [FG3]

Table 2. Summary of themes on patient experiences with full record access.

Theme 1: Perceived enhanced communication with providers and health care teams

Supplements in-person communication

Improved recall of appointments

More prepared for encounters with providers

Greater ability to share information with non-VA providers

Theme 2: Perceived improved patient knowledge and self-care

Improved understanding of health issues

Greater insight into provider assessments and recommendations

Improved sense of control of health issues

Prompt to use the Internet to understand information

Theme 3: Perceived greater patient participation in care

Prompt to remind health care team for appropriate care or follow-up

More engaged to discuss health and health care issues

More able to participate in decisions if care is needed or not

Theme 4: Perceived challenges from viewing records and electronic documentation

Stress related to information not routinely disclosed

Concern about language in notes

Inconsistencies or errors in documentation

Observations on electronic records and PHR technical problems

Discussion

Our findings support prior qualitative research that shows full
health record access is empowering for patients and caregivers
[26]. Patients’ perspectives provide insight into how shared
notes can foster active patient participation in their care. In all
focus groups, participants put knowledge from their records to

use by learning more about their health issues, gaining more
knowledge about their providers’ views, and advocating for
themselves in discussions about their care. Reading health
information in an unpressured manner allowed patients time to
contemplate its content and meaning. Records were also a
starting place for online research. As a result, patients felt more
prepared for clinic visits but sometimes were also less likely to
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call the clinic or request an appointment. Of particular interest
were stories of patients serving as their own “clinical
reminders”, making an effort to improve the quality of their
care by ensuring follow-up care was provided.

While participants reported that viewing their records was
positive, a number described some difficulty upon seeing clinical
notes. Predominant issues identified were the use of derogatory
terms, stress that initially emerged from reading detailed
personal information, and challenging conversations with
members of their health care teams. At the same time, most
participants, including many who cited these concerns, believed
it was important and valuable to have all of their health record
data. Of note, study participants viewing their records a few
times expressed similar themes to those logging in more
frequently, suggesting that patient use of PHRs at any given
time is driven by dynamic factors such as personal health needs,
rather than by initial positive or negative experiences accessing
records.

While our study did not identify appreciable harm, small but
significant concerns about negative consequences of sharing
records remain. In some instances, patient-provider
communications about shared records created discomfort. It
appears that all parties needed to adjust to a new dynamic, with
patients having higher expectations of disclosure of information.
Such issues were described in the Open Notes study [6], pointing
to a need for professional education on clinical documentation
and communication that optimizes patient participation and
shared decision-making.

Some limitations of the study must be noted. Patients were
recruited from a single medical center and viewed their records
during a specific time interval, and therefore may not be
generalizable to the VA patient population or My HealtheVet
Pilot users overall. Study responders could have been more
satisfied with the PHR or had more positive experiences overall
with reading their health records. Second, many patients enrolled
in the Pilot program yet did not view their records during the
18 months before the study, so they were not eligible for
recruitment. Pilot enrollment occurred early in the 10 years it

was active, and the study was conducted towards the end of this
period. There were likely many patients who enrolled but chose
not to access their records, had technical problems using the
site, or viewed their records years before but did not to do so
again. Further, release of the national My HealtheVet portal in
2003 likely caused Pilot enrollees to stop using the PHR
prototype. Since our goal was to learn from patients who were
able to recall using the Pilot, it was important to recruit those
who accessed their health records relatively recently.

Study Implications
To our knowledge, this is the first qualitative study of veteran
patients’ experience viewing electronic records that included
clinical notes and test results. Our findings have important
implications for the development of electronic health records
and PHRs. While patients by and large welcome full record
access, clinicians reveal protective postures and worry about
patient distress and confusion, resulting in more work for staff
[19,21]. Our study, focusing on the patient experience, suggests
that the first two of these expectations are overestimated.
Concern about workload is likely more complex. Patients’
accounts suggest that sharing all records reduce workload in
some areas, for example, fewer visits or decreasing requests for
copies of records. At the same time, participants’ experiences
also challenge traditional roles for patients and physicians.
While patient-provider conversations may prove uncomfortable,
they also demonstrate greater patient participation in care and
contribution to care delivery. As evidence shows that activated
patients achieve higher levels of self-care and satisfaction [27],
sharing all clinical notes with patients and their delegates could
serve as a fundamental component for the meaningful use of
electronic records and health information exchange.

In this era of greater transparency and technology designed to
optimize the user experience, new skills will be needed to
achieve shared care planning and decision-making. Ultimately,
patient access to all health record notes may translate into care
that is more effective and more satisfying—for both patients
and for health professionals.
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Abstract

Background: Satisfactory psychometric properties in offline questionnaires do not guarantee the same outcome in Web-based
versions. Any construct that is measured online should be compared to a paper-based assessment so that the appropriateness of
online questionnaire data can be tested. Little research has been done in this area regarding Attention-Deficit/Hyperactivity
Disorder (ADHD) in adults.

Objective: The objective was to simultaneously collect paper-based and Web-based ADHD questionnaire data in adults not
diagnosed with ADHD in order to compare the two data sources regarding their equivalence in raw scores, in measures of
reliability, and in factorial structures.

Methods: Data from the German versions of the Connors Adult ADHD Rating Scales (CAARS-S), the Wender Utah Rating
Scale (WURS-k), and the ADHD Self Rating Scale (ADHS-SB) were collected via online and paper questionnaires in a
cross-sectional study with convenience sampling. We performed confirmatory factor analyses to examine the postulated factor
structures in both groups separately and multiple group confirmatory factor analyses to test whether the postulated factor structures
of the questionnaires were equivalent across groups. With Cronbach alpha, we investigated the internal consistency of the postulated
factors in the different questionnaires. Mann-Whitney U tests with the effect size “Probability of Superiority (PS)” were used to
compare absolute values in the questionnaires between the two groups.

Results: In the paper-based sample, there were 311 subjects (73.3% female); in the online sample, we reached 255 subjects
(69% female). The paper-based sample had a mean age of 39.2 years (SD 18.6); the Web-based sample had a mean age of 30.4
years (SD 10.5) and had a higher educational background. The original four factor structure of the CAARS-S could be replicated
in both samples, but factor loadings were different. The Web-based sample had significantly higher total scores on three scales.
The five-factor structure of the German short form of the WURS-k could be replicated only in the Web-based sample. The
Web-based sample had substantially higher total scores, and nearly 40% of the Web-based sample scored above the clinically
relevant cut-off value. The three-factor structure of the ADHS-SB could be replicated in both samples, but factor loadings were
different. Women in the Web-based sample had substantially higher total scores, and 30% of the Web-based sample scored above
the clinically relevant cut-off value. Internal consistencies in all questionnaires were acceptable to high in both groups.

Conclusions: Data from the Web-based administration of ADHD questionnaires for adults should not be used for the extraction
of population norms. Separate norms should be established for ADHD online questionnaires. General psychometric properties
of ADHD questionnaires (factor structure, internal consistency) were largely unaffected by sampling bias. Extended validity
studies of existing ADHD questionnaires should be performed by including subjects with a diagnosis of ADHD and by randomizing
them to Web- or paper-based administration.
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Introduction

Satisfactory psychometric properties in offline questionnaires
do not guarantee the same outcome in Web-based versions. Any
construct that is measured online should be compared to a
paper-based assessment so that the appropriateness of online
questionnaire data can be tested [1]. After analyzing common
preconceptions about Internet questionnaires, Gosling et al [2]
conclude that the quality of online data is comparable to
traditional paper-and-pencil methods. The authors argue that
Internet samples are not representative of the general population,
but that traditional methods also do not achieve this. Web-based
questionnaires are even considered to be more feasible in order
to collect data in large population-based epidemiological studies
[3].

Several studies did not find substantial differences between
Web-based and paper-based modes of administration [4-7].
They were able to show similar psychometric properties or
identical factor structures [8-10]. Those latter studies did not
use clinical questionnaires to assess psychopathology, but no
significant differences were found when depression
questionnaires were administered in paper and online versions
among the same individuals [11]. Comparable results regarding
psychometric properties and absolute differences in Internet
versus paper-and-pencil administration of several panic and
agoraphobia questionnaires were found by Carlbring et al [12].
Both studies included pre-selected or self-recruited patient
groups applying for treatment. A Web Screening Questionnaire
for mental disorders yielded a high number of false positives
though [13], while others reported satisfactory diagnostic
accuracy in the Web-based detection of depressive disorders
[14].

Buchanan [15] is skeptical of using Web-based questionnaires
for normative comparisons, especially in clinical psychology.
Several studies showed that score distributions between paper
and online administration differed, with higher scores in Internet
samples [16]. He therefore argued not to compare online
questionnaire data to established norms.

Attention-Deficit/Hyperactivity Disorder (ADHD), with its core
symptoms of inattention, hyperactivity, and impulsivity, is listed
under disorders usually first diagnosed in childhood or
adolescence in DSM-IV and ICD-10. It was shown that ADHD
often persists into adulthood with prevalence rates between 4
to 5% [17-19]. We found only two studies in which
measurement of ADHD via Web-based versions was examined.
Steenhuis et al [20] applied a within-subject design to administer
the ADHD section of the Diagnostic Interview Schedule for
Children (DISC-IV) to parents. Intraclass correlation coefficients
ranged between .87 and .94. A qualitative study examined
acceptability of the Web-based version of the ADHD rating
scale T-SKAMP in 19 teachers [21]. A large majority of teachers
preferred the Web-based version over a paper version. They

perceived it to be easier, shorter, simpler, and more informative,
time saving, and flexible. Communication between teachers
and physicians might be improved with this tool. No further
ADHD diagnostic instruments, such as the SNAP and SWAN
Scale for children [22] or common adult ADHD assessment
instruments (see [23] for a review) were implemented as
Web-based versions.

The Conners Adult ADHD Rating Scales (CAARS) [24] had
satisfactory psychometric properties in their German translation
[25-27] and were found to have the same factor structure as the
American original, enabling them to be used for cross-cultural
research. The aim of our study was to simultaneously collect
paper-based and Web-based CAARS questionnaire data together
with two other established ADHD questionnaires available in
German and to compare the two data sources by different
statistical measures regarding their equivalence in raw scores,
measures of reliability, and factorial structures. To do so, we
intended to collect normative data online and via paper
questionnaires from subjects without a diagnosis of ADHD in
order to examine whether online normative data can be merged
with data from paper questionnaires.

Methods

Recruitment
We conducted a cross-sectional study on German adults with
no serious chronic disease, who were over 18 years of age and
without a lifetime diagnosis of ADHD. Participants in the
paper-based sample were recruited by convenience sampling
(university students, people from apprentice institutions, local
neighborhoods, waiting areas such as airports, hairdressers,
primary care physicians, and colleagues). Subjects were
provided with a short study description and asked to complete
the CAARS self-report (CAARS-S) as well as the German
version of the Wender Utah Rating Scale (WURS-k), the
German ADHD Self Rating Scale (ADHS-SB), and questions
on age, gender, and education level. We disseminated
approximately 500 printed questionnaires.

The Web-based questionnaire was also a cross-sectional
convenience sample. We advertised for the online study on the
websites of the Departments of General Practice/Family
Medicine and Clinical Psychology at Philipps University
Marburg and on a special Facebook page created exclusively
for our study. Additionally, flyers with the online address of
the Web-based questionnaire were distributed in the same
recruitment areas as the paper-based questionnaires. For
informed consent in the online study, the homepage prompted
subjects to open a file with the study information and to check
a box agreeing to participate in the study. Without checking
this box, further pages of the questionnaire were not accessible.
Since the survey was voluntary, all subjects had the ability to
discontinue completing the questionnaire at any time. Subjects
could see their progress in completing the questionnaire via a
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small progress bar on the upper right side of the screen. On
average, subjects needed 15:34 minutes to complete the survey;
the majority of participants completed the survey during the
afternoon (hour 15, or 3 p.m.). At the end of the questionnaire,
subjects had the opportunity to receive feedback on their
responses. This indicated whether their scores were within the
normal range or higher. In cases of the latter, no diagnosis was
offered, but it was suggested to seek professional assessment.
Data protection was insured in that only the principal
investigator (HC) had access to the unipark page [28] that
generated and stored the data. Additionally, no personal
information was requested of the subjects.

For development and testing, the paper versions of the
questionnaires were entered into unipark. The research team
and then students were asked to test this online version. The
link was activated after testing for functionality and usability.

The survey was online from July 12, 2010, to August 30, 2011.
On average, the page was accessed 26.16 times per week (view
rate), though only 6.69 (25 %) subjects per week completed the
survey (completion rate). Cookies were used to assign a unique

user identifier to each client computer and were set on the first
page. A session was valid for a total of 120 minutes.

The items were presented in the same order as the
paper-and-pencil questionnaires, but only an average of six
items were displayed per page (see Figure 1). When subjects
did not complete all items on a page, they were asked to fill in
the missing items in order to activate the “next” button.
Therefore, no missing data could result in the online sample.
Subjects were always able to review and change their answers
with a “back” button. If subjects decided not to complete an
answer, they could stop the survey. The majority of participants
(57.44 %) discontinued filling out the survey on the first page.

For analyses, only questionnaires where subjects indicated they
had not received a lifetime diagnosis of ADHD were analyzed.
Apart from replacing missing items in paper versions with the
expectation-maximization or the multiple imputation algorithms,
no statistical corrections were performed.

Our study conforms to the Declaration of Helsinki and was
approved by the local ethics committee of the Faculty of
Medicine at the Philipps University in Marburg, Germany.

Figure 1. Example of survey items per page.

Measurements

Connors Adult ADHD Rating Scales
The German version of the CAARS-S assesses ADHD
symptoms in adults aged 18 years or older. Symptoms are rated
on a Likert-type scale (0 = not at all/never to 3 = very much/very
frequently). The long version consists of 66 items, but only 42

items were included in the original factor analysis by Conners
et al [24] due to statistical restrictions made by the authors. Four
factors emerged from their analyses: inattention/memory
problems, hyperactivity/restlessness, impulsivity/emotional
ability, and problems with self-concept. Confirmatory factor
analyses of the German version in healthy adults and ADHD
patients supported this factor analytic solution [25,27]. The four
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subscales were significantly influenced by age, gender, and the
number of years in education. Symptom severity decreased with
increasing age, males scored higher than females on
hyperactivity and sensation-seeking behavior, and females
scored higher than males on problems with self-concept. Overall
symptom ratings were higher for individuals who had received
less education. Test-retest reliability ranged between .85 and
.92; sensitivity and specificity were high for all four subscales.
The CAARS-S represents a reliable and cross-culturally valid
measure of current ADHD symptoms in adults [26].

Wender Utah Rating Scale
The German version of the Wender Utah Rating Scale
(WURS-k) [29,30] retrospectively assesses ADHD-relevant
childhood behaviors and symptoms in adults. It consists of 25
items that distinguished patients with ADHD from a nonpatient
comparison group. Subjects are instructed to rate 25 items that
complete sentence stems such as ‘‘As a child I was or had...’’.
Ratings are to be completed on a 5-point Likert scale (0 =not
at all or very slightly to 4=very much). Test-retest reliability
and Cronbach alpha were around .90. Factor analyses generated
a 5-factor solution with the factors inattention/hyperactivity,
impulsivity, anxiety/depression, oppositional behavior, and
social adaptation by using 21 items. A total score >29 points
hints at the possibility of ADHD during childhood.

ADHD Self Rating Scale
The German ADHD Self Rating Scale (ADHS-SB) consists of
the 18 DSM-IV items that are broken down into the factors
“inattention” (9 items), “hyperactivity”, and “impulsivity” (9
items together) [31]. The items are scored on a 4-point Likert
scale (0=not at all to 3=very pronounced/almost always the
case). Test-retest reliability coefficients were between .78 and
.89. Correlations with subscales of the NEO Five Factor
Inventory were in the expected directions. A total score >17
points hints at the possibility of adult ADHD.

Statistical Analysis
We performed confirmatory factor analyses to examine the
postulated factor structures in both groups separately and
multiple group confirmatory factor analyses using AMOS 19
to test whether the postulated factor structures of the
questionnaires were equivalent across the groups. The factors
were allowed to correlate because this is theoretically plausible
in all three questionnaires. We used unweighted least squares
as this estimation method makes no distributional assumptions
[32].

Using multiple group analysis, we examined several levels of
invariance between the groups. Configural invariance as the
lowest level of invariance exists when the structure of the factor
loading matrices is identical in all groups. Metric invariance
occurs when factor loadings are identical in all groups. Scale
invariance means that the measurement intercepts are the same
across groups. Invariance of measurement errors exists if the
error variables of measurement models, factor covariances, and
factor variances are identical across groups.

We calculated several model fit indices to evaluate the results
of our analyses. The root mean square residual (RMR) measures
the mean absolute value of the covariance residuals [33]. Values
less than .05 indicate a good model fit [32], but other authors
state that a value of less than .10 signals an acceptable model
fit [34-35]. The standardized root mean square residual (SRMR)
eliminates scaling effects of the RMR. Values ≤ .10 indicate a
good model fit [35]. The Global Fit Index (GFI) can measure
the proportion of variance and covariance that a given model
is able to explain. A GFI equal or higher than .90 can be
considered as reflecting a good model fit [36]. The adjusted
global fit index (AGFI) takes the number of parameters used in
computing the GFI into account. An AGFI equal or higher than
.90 can be considered as showing a good model fit [35]. These
fit indices were calculated for each of the aforementioned
invariance levels. Differences of fit indices between these
invariance levels should not be larger than .01 [35], otherwise
the criteria for a higher invariance level are not reached.

With Cronbach alpha, we investigated the internal consistency
of the postulated factors in the different questionnaires. Values
>.70 are considered to be acceptable [37].

Huber’s M estimators were calculated when standard deviation
values were close to their respective means, signaling high
variance [38].

Mann-Whitney U tests were used to compare absolute values
in the questionnaires between the two groups. The effect size
“Probability of Superiority (PS)”, PS=U/(n1*n2), indicates the
probability that a randomly selected subject of group n1 has a
higher score than a randomly selected subject of group n2. A
PS of .50 means that both groups are equal regarding a specific
variable, and that there is no effect. Consequently, the larger
the effect, the more PS deviates from .50 [39].

The alpha level for statistical significance was set at .05
(two-sided). Missing responses in the paper versions were
replaced using the expectation-maximization or the multiple
imputation algorithms [40-42].

Results

Samples
In the paper-based sample, we received responses from 328
participants of which 6 indicated they were diagnosed with
ADHD, and 11 did not answer this question. Therefore, a total
sample of 311 subjects resulted, meaning that 65.6% of our 500
printed questionnaires were returned. This cannot be regarded
as a return rate as we did not record those subjects who were
personally asked and refused to participate. In the Web-based
sample, we received responses from 273 participants of which
18 indicated that they were diagnosed with ADHD so that a
total sample of 255 subjects resulted. The flow of subjects in
our study samples is depicted in Figure 2. Table 1 shows the
demographic characteristics of the two samples.
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Table 1. Demographic characteristics of the paper-based and Web-based samples.

Web-based (n=255)Paper-based (n=311)

Gender

176 (69.0%)228 (73.3%)Female

79 (31.0%)83 (26.7%)Male

30.4 (10.5)39.2 (18.6)Age, mean years (SD)

Education

73 (28.6%)61 (19.7%)University

35 (13.7%)86 (27.7%)Apprenticeship

130 (51.0%)66 (21.3%)High school

15 (5.9%)61 (19.7%)Middle school

2 (0.8%)36 (11.6%)Basic school

Figure 2. Flow of subjects in the paper-based and Web-based samples.

The samples did not differ with respect to gender (χ2 test: P=.26,
Cramer V=.05). The Web-based sample was, on average,
younger than the paper-based sample. This difference was
statistically significant with a rather moderate effect size
(Mann-Whitney U test: P<.001, PS = .41). In the Web-based
sample, there were more participants with a university degree
and more subjects attending high school, while in the
paper-based sample, there were more participants attending
middle or basic school or with a completed apprenticeship. This
difference was statistically significant with a high effect size

(χ2 test: P<.001, Cramer V=.42).

Connors Adult ADHD Rating Scales
There was a maximum of 9% missing values on single variables
in the paper sample; these were missing completely at random
(Little’s MCAR test, P=.27). They were replaced with the
expectation maximization (EM) algorithm [40].

The four-factor model (df = 813) was supported in both groups.
In the paper-based sample, the standardized RMR was .08, the

RMR was .04, the GFI was .93, and the AGFI was .92. In the
Web-based sample, the standardized RMR was .07, the RMR
was .05, the GFI was .98, and the AGFI was .97. These fit
indices signal a good model fit. Table 2 lists the correlations of
CAARS items (loadings) with their postulated factors.

Except for Item 3 (“I don’t plan ahead”) of the factor
“inattention/memory”, Items 1 (“I like to be doing active
things”) and 5 (“I am a risk-taker or a daredevil”) of the
hyperactivity factor, and Item 43 (“I step on people’s toes
without meaning to”) on the impulsivity factor, all other items
have loadings > .40 in both samples.

The intercorrelations between the factors are consistently higher
in the Web-based sample. The largest differences between the
two groups were found in correlations involving “self-concept”
(see Table 3).

Multiple group analysis revealed that the factor structures were
the same in both samples, signaling configural invariance
(SRMR=.04, RMR=.04, GFI=.99, AGFI=.99). However, factor
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loadings were different (SRMR=.06, RMR=.10, GFI=.97,
AGFI=.97) because all model fit indices increased > .01 when
testing metric invariance. Consequently, other invariance
assumptions were also not supported.

Cronbach alpha of the subscales ranged from .81 to .85 in the
paper-based sample and from .89 to .91 in the Web-based
sample.

Absolute subscale differences between the two groups were all
significant with the Web-based sample scoring substantially
higher with pronounced effect sizes (Table 4). For example, the
probability that a randomly chosen subject from the paper-based
sample has a higher inattention/memory score than a randomly
chosen subject from the Web-based sample is .35.

As there is no normative data for Germany to date, we applied
strict cut-off values based on American normative data T-value
of 65, 94th percentile). The cut-off for “inattention/memory”
was > 22 points; “hyperactivity” > 26 points; “impulsivity” >
22 points; and “self-concept” > 13 points. Regarding the total
score of “inattention/memory”, 27 subjects (10.6%) in the
Web-based sample scored above this value while 4 (1.3%) did
so in the paper-based sample. This difference was significant

with a moderate effect size (χ2 test: P<.001, Cramer V=.20).
Regarding the total score of “hyperactivity”, 5 subjects (2.0%)
in the Web-based sample scored above this value while 2 (0.6%)
did so in the paper-based sample. This difference was not

significant (χ2 test: P=.16, Cramer V=.06). Regarding the total
score of “impulsivity”, 20 subjects (7.8%) in the Web-based
sample scored above this value while 6 (1.9%) did so in the
paper-based sample. This difference was significant with a small

effect size (χ2 test: P=.001, Cramer V=.14). Regarding the total
score of “self-concept”, 30 (11.8%) in the Web-based sample
scored above this value while 13 (4.2%) did so in the
paper-based sample. This difference was significant with a small

effect size (χ2 test: P=.001, Cramer V=.14).

Wender Utah Rating Scale (Short Form)
There was a maximum of 2% missing values on single variables
in the paper sample that were missing completely at random
(Little’s MCAR test, P=.57). These were replaced with the EM
algorithm [40]. Due to technical difficulties, WURS-k data of
11 participants in the Web-based sample were not available,
resulting in n=244.

The model in the paper-based sample was not admissible
because the covariance matrix between the postulated five
factors was not positive definite. This leads to the conclusion
that the model is wrong [34], and it was thus rejected.

In the Web-based sample, the model (df = 179) was supported:
SRMR = .07, RMR = .09, GFI = .98, AGFI = .97. Table 5
depicts the loadings on the postulated factors.

As shown in Table 5, except for Item 23 (problems with police)
on the factor “social adaptation”, all other items have high
loadings > .4 on their postulated factors. The factors
“inattention” and “impulsivity” correlated highest in the
Web-based sample (r=.79), followed by “inattention” and
“anxiety/depression” (r=.73), “impulsivity” and “oppositional

behavior” (r=.72), and “inattention” and “oppositional behavior”
(r=.72) (Table 6).

Due to the rejected model in the paper-based group, no multiple
group analysis could be calculated.

Cronbach alpha of the subscales ranged from .68 to .82 in the
paper-based sample and from .79 to .89 in the Web-based
sample. No coefficients were calculated for the subscale “social
adaptation” as it consists of only two items.

Absolute values of the total score were significantly higher
(Mann-Whitney U test: P<.001; PS = .09) in the Web-based
sample (mean 28.6, SD 14.0; Huber’s M estimator 26.2) than
in the paper-based sample (mean 11.0, SD 6.8; Huber’s M
estimator 9.6).

After applying the recommended cut-off value for the total score
(> 29 points) [29,30], 38.1% in the Web-based sample scored
above this value while merely 2.5% did so in the paper-based
sample. This difference was significant with a high effect size

(χ2 test: P<.001, Cramer V=.46).

ADHD Self Rating Scale
There was a maximum of 1.3% missing values on single
variables in the paper sample, except for Item 4 that asks for
difficulties in the field of work. Student participants in the paper
version did not complete this item, so 28.5% of missing at
random data resulted. These were replaced with the multiple
imputation algorithm by five imputations. The following
calculations were done separately for the five imputations, and
the respective results were averaged. Enders [40] recommends
a larger number of imputations, but results showed only
marginal differences between imputed datasets.

The four-factor model (df = 132) was supported in both groups.
In the paper-based sample, the standardized RMR was .06, the
RMR was .06, the GFI was .97, and the AGFI was .96. In the
Web-based sample, the standardized RMR was .06, the RMR
was .04, the GFI was .98, and the AGFI was .98. These fit
indices signal a good model fit. Table 7 lists the loadings of
ADHS-SB items on their postulated factors.

As shown in Table 7, except for Item 6 (avoidance of tasks with
mental load) on the factor “inattention”, and Item 14 (feel like
driven by a motor) on the factor “hyperactivity”, both in the
paper-based sample, all other items have high loadings >.4 on
their postulated factors.

The correlation between the factors inattention and hyperactivity
is significantly higher in the paper-based sample, while the
intercorrelations between the other factors are higher in the
Web-based sample (Table 8).

Multiple group analysis revealed that the factor structures were
the same in both samples, signaling configural invariance
(SRMR = .06, RMR = .03, GFI = .98, AGFI = .98). However,
factor loadings were different (SRMR = .15, RMR = .08, GFI
= .83, AGFI = .79) because all model fit indices increased > .01
when testing metric invariance. Consequently, other invariance
assumptions were also not supported.
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Cronbach alpha of the subscales ranged from .60 to .83 in the
paper-based sample and from .79 to .91 in the Web-based
sample.

Absolute differences between the two groups were significant
with the Web-based sample (mean 12.8, SD 9.1; Huber’s M
estimator 11.1) scoring substantially higher than the paper-based

sample (mean 2.2, SD 3.0; Huber’s M estimator 1.4) with a
high effect size (Mann-Whitney U test: P<.001, PS = .08).

After applying the recommended cut-off value for the total score
(> 17 points) [31], 30% in the Web-based sample scored above
this value, while only 0.6% did so in the paper-based sample.

This difference was significant with a large effect size (χ2 test:
P<.001, Cramer V=.42).
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Table 2. Correlations of CAARS items (loadings) with their postulated factors (latent constructs) in the paper-based and Web-based samples.

Web-basedPaper-based

Inattention/Memory

.26.14ITEM 03

.74.53ITEM 07

.73.59ITEM 11

.67.47ITEM 16

.74.55ITEM 18

.61.57ITEM 32

.75.69ITEM 36

.73.52ITEM 40

.78.55ITEM 44

.73.55ITEM 49

.63.55ITEM 51

.74.57ITEM 66

Hyperactivity

.06.31ITEM 01

.32.43ITEM 05

.50.46ITEM 10

.74.70ITEM 13

.69.65ITEM 20

.46.57ITEM 25

.82.57ITEM 27

.66.65ITEM 31

.76.54ITEM 38

.80.67ITEM 46

.71.61ITEM 54

.81.73ITEM 57

Impulsivity

.62.56ITEM 04

.72.49ITEM 08

.69.56ITEM 12

.58.66ITEM 19

.61.58ITEM 23

.76.64ITEM 30

.54.47ITEM 35

.67.60ITEM 39

.59.37ITEM 43

.78.59ITEM 47

.62.53ITEM 52

.69.61ITEM 61

Self-concept

.58.59ITEM 06

.75.60ITEM 15
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Web-basedPaper-based

.69.58ITEM 26

.86.81ITEM 37

.79.75ITEM 56

.84.81ITEM 63

Table 3. Intercorrelations between the CAARS factors (latent constructs) in the paper-based and Web-based samples.

Web-basedPaper-basedFactors

.81.73Impulsivity<-->Hyperactivity

.74.54Hyperactivity<-->Inattention/Memory

.79.65Impulsivity<-->Inattention/Memory

.74.47Self-concept<-->Inattention/Memory

.57.24Self-concept<-->Hyperactivity

.71.45Self-concept<-->Impulsivity

Table 4. Means, standard deviations, and Huber’s M estimators of the CAARS subscales in the paper-based and Web-based samples with their respective
P and effect size values.

Mann-Whitney U Test (P) & effect size (PSb)Web-basedPaper-based

<.001; PS=.3512.3 (SD 7.1)

Huber’s M 11.2

8.6 (SD 4.8)

Huber’s Ma 8.2

Inattention/Memory

<.001; PS=.3811.2 (SD 6.1)

Huber’s M 10.3

9.0 (SD 5.3)

Huber’s M 8.0

Hyperactivity

<.001; PS=.3712.3 (SD 6.6)

Huber’s M 11.5

9.4 (SD 5.2)

Huber’s M 8.8

Impulsivity

<.001; PS=.377.5 (SD 4.3)

Huber’s M 7.1

5.6 (SD 3.6)

Huber’s M 5.1

Self-concept

aHuber’s M estimator.
bPS = probability of superiority.
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Table 5. Correlations of WURS-k items (loadings) with their postulated factors (latent constructs) in the Web-based sample.

Web-based

Inattention

.82ITEM 01

.76ITEM 02

.78ITEM 03

.77ITEM 06

.75ITEM 10

.59ITEM 15

.67ITEM 17

.51ITEM 24

Impulsivity

.75ITEM 05

.83ITEM 11

.83ITEM 13

.89ITEM 16

Anxiety/Depression

.74ITEM 07

.62ITEM 09

.74ITEM 18

.80ITEM 19

Oppositional behavior

.88ITEM 08

.54ITEM 21

.79ITEM 22

Social adaptation

.64ITEM 20

.33ITEM 23

Table 6. Intercorrelations between the WURS-k factors (latent constructs) in the Web-based sample.

Web-basedFactors

.79Impulsivity<-->Inattention

.69Anxiety/Depression<-->Impulsivity

.73Anxiety/Depression<-->Inattention

.50Social adaptation<-->Inattention

.72Oppositional behavior<-->Impulsivity

.49Social adaptation<-->Impulsivity

.35Oppositional behavior<-->Anxiety/Depression

.57Social adaptation<-->Anxiety/Depression

.58Social adaptation<-->Oppositional behavior

.72Oppositional behavior<-->Inattention
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Table 7. Correlations of ADHS-SB items (loadings) with their postulated factors (latent constructs) in the paper-based and Web-based samples.

Web-basedPaper-based

Inattention

.72.47ITEM 01

.73.48ITEM 02

.68.56ITEM 03

.65.40ITEM 04

.63.45ITEM 05

.62.22ITEM 06

.54.48ITEM 07

.72.60ITEM 08

.64.45ITEM 09

Hyperactivity

.74.71ITEM 10

.69.66ITEM 11

.82.58ITEM 12

.65.54ITEM 13

.59.31ITEM 14

Impulsivity

.72.68ITEM 15

.72.49ITEM 16

.73.48ITEM 17

.58.58ITEM 18

Table 8. Intercorrelations between the ADHS-SB factors (latent constructs) in the paper-based and Web-based samples.

Web-basedPaper-basedFactors

.63.92Hyperactivity<-->Inattention

.80.64Impulsivity<-->Hyperactivity

.72.66Impulsivity<-->Inattention

Discussion

We compared Web-based and paper-based administrations of
three ADHD questionnaires for adults. Subjects in the online
sample were older and had a higher educational background.
The original four-factor structure of the Conners Adult ADHD
Rating Scales could be replicated in both samples, but factor
loadings were different. Internal consistencies were high in both
groups, but the Web-based sample had significantly higher total
scores in three subscales with 7.8 to 11.8% above clinically
relevant cut-off values, compared to 1.3 to 4.2% in the
paper-based sample. The five-factor structure of the German
short form of the Wender Utah Rating Scale could be replicated
only in the Web-based sample. Internal consistencies were
acceptable to high in both groups. The Web-based sample had
substantially higher total scores and nearly 40% of the
Web-based sample scored above the clinically relevant cut-off
value. The three-factor structure of the ADHD Self Rating Scale
could be replicated in both samples, but factor loadings were

different. Internal consistencies were acceptable to high in both
groups. The Web-based sample had substantially higher total
scores, and 30% of the Web-based sample scored above the
clinically relevant cut-off value. Therefore, psychometric
properties were similar in both samples, but the Web-based
sample had substantially higher scores on all three
questionnaires.

The relatively high dropout rate in our Web-based sample is
also reported in the literature. Additional informed consent
procedures were shown to increase early dropout in Web-based
studies [43]. Kongsved et al [44] administered paper and online
questionnaires to women referred for mammography; their
questionnaires were comparable in length to our study. In their
study, the Internet version had a higher completeness of data
but a lower response rate. A lower response rate was also found
in surgeons responding to an online questionnaire [45]. We
cannot compare dropout rates in our samples because we did
not record those who were personally asked and refused to
participate in the paper-based sample.
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Demographic differences (younger age, higher education) might
have influenced the results [46]. ADHD is a disorder with a
higher prevalence for men. Our predominantly female samples
in both versions are therefore not suitable for deriving normative
data. Women tend to participate more in psychological studies.
The gender distributions in our study are quite comparable to
common sample characteristics regarding online study
participation [2,47]. Subjects in the Internet sample might have
experienced psychological distress regarding ADHD symptoms
so that they saw their participation in the context of assessing
themselves for the disorder. One also has to consider that the
probability that subjects in a certain geographic region have a
high prevalence of ADHD symptoms in paper-based
questionnaires is much lower than the probability of reaching
such individuals via the Internet without any geographic barriers.
On the other hand, an increased self-disclosure might also be
an important factor. Subjects might have considered the
completion of online questionnaires to be more anonymous than
giving away hand-written information, since participants in an
online study reported lower social anxiety and lower social
desirability than those in the paper-based group [48].

Our results contradict the conclusion of Gosling et al [2] that
subjects in Internet samples are not unusually maladjusted. It
clearly depends on the context of the study. Even when the
intention is to collect normative data for clinical questionnaires,
one has to consider that the scores of online samples can be
inflated [49].

On the other hand, our results corroborate the assumption of
Rhodes et al [47] that previously hidden subgroups can be
reached by Internet research. This might also be true for other
medical disorders [50]. Whether our subgroup of women with
higher scores on ADHD questionnaires has clinical significance
must be determined by future studies with more controlled
recruitment strategies.

Several limitations have to be mentioned. We did not randomize
subjects to online and paper versions, so differences between
the two groups might have arisen by sampling biases and should
be replicated under randomized conditions. Different recruitment
strategies for the paper and online samples might have
influenced the results. Although relatively high discontinuation
rates are common in online research, they might have caused
bias in the results. In future online studies, leaving out questions
should also be possible to create conditions similar to paper
administration.

Conclusions
Data from the Web-based administration of ADHD
questionnaires for adults should not be used for the extraction
of population norms. Separate norms should be established for
ADHD online questionnaires. General psychometric properties
of ADHD questionnaires (factor structure, internal consistency)
were largely unaffected by sampling bias. Extended validity
studies of existing ADHD questionnaires should be performed
by including subjects with a diagnosis of ADHD and by
randomizing them to Web- or paper-based administration.
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Abstract

Background: Questionnaires are commonly used to assess physical activity in large population-based studies because of their
low cost and convenience. Many self-report physical activity questionnaires have been shown to be valid and reliable measures,
but they are subject to measurement errors and misreporting, often due to lengthy recall periods. Mobile phones offer a novel
approach to measure self-reported physical activity on a daily basis and offer real-time data collection with the potential to enhance
recall.

Objective: The aims of this study were to determine the convergent validity of a mobile phone physical activity (MobilePAL)
questionnaire against accelerometry in people with cardiovascular disease (CVD), and to compare how the MobilePAL questionnaire
performed compared with the commonly used self-recall International Physical Activity Questionnaire (IPAQ).

Methods: Thirty adults aged 49 to 85 years with CVD were recruited from a local exercise-based cardiac rehabilitation clinic
in Auckland, New Zealand. All participants completed a demographics questionnaire and underwent a 6-minute walk test at the
first visit. Subsequently, participants were temporarily provided a smartphone (with the MobilePAL questionnaire preloaded that
asked 2 questions daily) and an accelerometer, which was to be worn for 7 days. After 1 week, a follow-up visit was completed
during which the smartphone and accelerometer were returned, and participants completed the IPAQ.

Results: Average daily physical activity level measured using the MobilePAL questionnaire showed moderate correlation
(r=.45; P=.01) with daily activity counts per minute (Acc_CPM) and estimated metabolic equivalents (MET) (r=.45; P=.01)
measured using the accelerometer. Both MobilePAL (beta=.42; P=.008) and age (beta=–.48, P=.002) were significantly associated

with Acc_CPM (adjusted R2=.40). When IPAQ-derived energy expenditure, measured in MET-minutes per week (IPAQ_met),
was considered in the predicted model, both IPAQ_met (beta=.51; P=.001) and age (beta=–.36; P=.016) made unique contributions

(adjusted R2=.47, F2,27=13.58; P<.001).There was also a significant association between the MobilePAL and IPAQ measures
(r=.49, beta=.51; P=.007).

Conclusions: A mobile phone–delivered questionnaire is a relatively reliable and valid measure of physical activity in a CVD
cohort. Reliability and validity measures in the present study are comparable to existing self-report measures. Given their ubiquitous
use, mobile phones may be an effective method for physical activity surveillance data collection.

(J Med Internet Res 2013;15(3):e61)   doi:10.2196/jmir.2419
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Introduction

The case for a new technology to measure physical activity is
compelling. Participation in regular physical activity is
associated with a plethora of positive physical and mental health
outcomes [1-3], and the burden associated with physical
inactivity is considerable [4,5]. Much of the data supporting the
commonly known benefits of physical activity are based on
self-reported measures of physical activity. Physical activity
questionnaires are commonly used to assess physical activity
in large population-based studies because of their low cost and
convenience [6]. Although many of the self-report
questionnaires used in these studies have shown to be valid and
reliable measures, they do have limitations. The self-report
approach is subject to measurement errors and misreporting,
including deliberate social desirability bias and unintentional
bias, such as recall or comprehension error, all of which reduce
the precision of the estimate of levels of activity [7-10]. Caution
must be taken to select an appropriate physical activity
questionnaire according to the purpose of the research and the
population under investigation [7].

A major source of bias with self-report questionnaires is the
recall period [11]. Typically, self-report measures require
participants to remember their physical activities during specific
periods of time, such as 3 to 7 days; however, the more distal
the recall period, the greater the recall error [12,13]. For
example, studies have shown that when using the International
Physical Activity Questionnaire (IPAQ), people tended to
overreport their physical activity and had difficulty accurately
recalling the intensity of the activity done over 1 week [13].
For these reasons, researchers have used diaries or activity logs
to record self-reported physical activity on a daily basis to
enhance recall [12]. Such approaches require participants to
complete paper-based records, which are associated with
considerable participant burden and call for sustained
cooperation [6].

The ubiquitous use of mobile phones offers a novel approach
to measuring physical activity and to reduce participant burden.
Mobile phones offer the potential to capture self-report physical
activity on a daily basis and offer real-time data collection.
Because most people carry a mobile phone most of the time,
they have the potential to enhance recall of physical activity by
frequent prompting and limiting the time lag between the
behavior and data collection. This may reduce information bias
and increase compliance; same day or previous day recall has
been shown to reduce recall error because error tends to increase
with recall duration [12]. Moreover, increased access and
availability to mobile phone telecommunications increase the
potential of this tool for large-scale data collection in
population-based studies [14].

A recent study validated a mobile phone-delivered physical
activity questionnaire against doubly labeled water [15].
Twenty-two women reported their physical activity over a
14-day period by answering 2 questions sent daily to their
mobile phones. A small mean difference (0.014) with narrow
limits of agreement (2 SD 0.30) was found between the mobile
phone questionnaire and the reference estimates. In a second

study [16], the mobile phone physical activity questionnaire
was compared against accelerometry. Both methods showed
high within-subject variations; however, the day-to-day
variations in energy expenditure within subjects assessed using
the mobile phone agreed well with corresponding accelerometer
values. The authors concluded that the mobile phone
questionnaire was a promising tool for assessing levels of
physical activity.

Despite these positive effects, the mobile phone questionnaire
has only been examined in healthy Swedish women (aged 20-45
years). Further research is needed to assess the reliability and
validity of this questionnaire in males as well as females, with
a wider age range. Given the importance of physical activity
participation for prevention of chronic diseases and for the
secondary prevention of cardiovascular disease (CVD),
examination of this approach in a clinical population was
warranted. Improving physical activity levels is a key objective
following a cardiac event. Not all patients attend structured
exercise-based cardiac rehabilitation programs, and they may
also exercise in their own time, so it is important that the method
used captures habitual activity. The purpose of this study was
to determine the convergent validity of a mobile phone physical
activity questionnaire against accelerometry in people with
CVD. A second aim was to compare how the mobile phone
questionnaire performed compared with a commonly used
self-recall physical activity questionnaire.

Methods

Study Procedures
A 7-day convergent validation study was conducted from
January to May, 2012. Participants were recruited from a local
exercise-based cardiac rehabilitation clinic in Auckland, New
Zealand, and were included if they had documented history of
CVD, were currently participating in cardiac rehabilitation, and
could safely perform exercise.

The study involved 2 visits. At the first visit, consenting
participants completed a demographics questionnaire and
underwent a 6-minute walk test (6MWT). Subsequently,
participants were temporarily provided with a smartphone and
accelerometer. All participants were provided with verbal and
written instructions about how to complete the mobile phone
physical activity level questionnaire (MobilePAL). Participants
responded to 2 physical activity questions initiated by the
smartphone application each day for 7 days. The questions were
sent to all participants at 7:00 pm each evening. Participants
were shown how to properly wear the accelerometer and
instructed to wear it for the same 7-day period.

At the end of 1 week, participants completed the second visit,
in which they returned the smartphone and accelerometer, and
completed a paper copy of the IPAQ.

Mobile Phone Questionnaire Development
For this study, we adapted the original Java-based mobile phone
questionnaire [15] for delivery via an Android application (see
Figure 1). Smartphone use is increasing, with 44% of people in
the United Kingdom [17] and 50% of Americans using
smartphones in 2012 [18]. Affordability continues to improve
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as the cost of smartphones and data plans decrease [19].
Administering the questionnaire by smartphone application
offers several advantages over the original Java approach.
Participants were not required to have a subscriber identity
module (SIM) card or access the Internet to answer the
questions, eliminating any costs to the user and reliance on

cellular phone networks. Data were saved directly onto the
phone in a comma-separated values (CSV) file format, which
was then uploaded to a server where it could be safely stored.
The application was pretested to ensure the questionnaire
functioned and uploaded data correctly.

Figure 1. Screenshot of questionnaire and answer categories of the MobilePAL smartphone questionnaire.

Measures

Accelerometer
Some consensus exists that accelerometry-based activity
monitors provide a useful comparison for evaluating self-report
instruments. They can provide detailed information about
activity patterns on a minute-by-minute basis and impose only
minimal burden on participants [6]. According to Sirard and
Pate’s [20] measurement hierarchy, secondary measures such
as accelerometers are an acceptable comparison for validating
self-report methods. In the present study, accelerometry was
used to provide convergent validity against the self-report
measures.

Participants wore a dual axial Actigraph GT1M accelerometer
(Model AM7164-2.2C Actigraph Ltd, Pensacola, FL, USA), a
reliable and valid objective measure of physical activity [21].
The Actigraph is a small, closed device worn at the hip (belt
clip or elastic band) that records body movements. Activity
counts generated per minute (cpm) were used to determine time
spent in light, moderate, and vigorous intensity activity. The
following cut-off points were used to determine the intensity
of physical activity: sedentary ≤100 cpm, light 101-2020 cpm,
moderate 2021-5999 cpm, and vigorous ≥6000 cpm. A valid
day consisted of wearing the accelerometer for ≥10 hours of
valid time, which was defined as those minutes with <1 hour
of consecutive zeros. Average activity counts per minute were

calculated for each participant on each valid day, and then
averaged over valid days to get the average daily activity count
per minute (Acc_CPM). Average daily minutes spent in lifestyle,
light, moderate, and vigorous physical activity was also
calculated (Acc_PAmin). Activity count data were also used to
estimate energy expenditure using the Freedson et al [22]
metabolic equivalent (MET) regression equation. METs are
multiples of resting metabolic rate during a specific activity, in
which 1 MET is equivalent to rest. Daily MET values were
calculated by averaging the MET values per minute (converted
from raw activity counts per minute using the equation) over
each valid day. Average daily METs (Acc_METs) were
calculated by summing daily MET values and dividing by the
number of days of valid data.

MobilePAL Questionnaire
The mobile application presented 2 questions each evening to
the user about their physical activity that day, for a total of 7
days. Consistent with previous research [15], for each person
and for each day, the answers to the 2 short questions (Table 1)
were converted to physical activity level (PAL), which is the
ratio between total energy expenditure and resting energy
expenditure during 24 hours. The PAL was calculated by
combining the PAL values obtained for work/daytime activities
reported by Black et al [23] and an additional contribution to
PAL from energy expended during leisure/evening activities
(Table 1). The latter was calculated from published energy costs
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expressed as MET values for walking and cycling [24]. PAL
data were extracted from the smartphone and imported into

Microsoft Excel. Average daily PAL was calculated by summing
the daily PAL values and then dividing by 7 days (MobilePAL).

Table 1. The two questions administered daily by the smartphone application and their corresponding physical activity level (PAL) value score.

PAL scoreaAnswer categoryQuestion

1.55Mostly sittingHow physically active have you been during work/day-
time today?

1.65Sitting/standing/walking

1.85Standing/walking most of the time

2.2Heavy work

+0Mostly sittingHow physically active have you been during leisure
time/evening today?

+0.06Light/walking (30 min)

+0.15Moderate/cycling (>30 min)

+0.29Sport/cycling (>60 min)

aDaily PAL was calculated by combining the PAL score from question 1 (work/daytime physical activity) and question 2 (leisure time/evening physical
activity).

International Physical Activity Questionnaire (IPAQ)
The IPAQ is a reliable and validated 7-day recall measure, which
provides a comprehensive evaluation of daily physical activities,
and assesses time spent walking and doing light, moderate, and
vigorous intensity activities across various domains [24].
Computation of the total scores required summation of the
duration (in minutes) and frequency (days) for all the types of
activities in all domains. Domain specific scores were calculated
by summing the scores for walking, moderate, and vigorous
intensity activities within the specific domain. Activity-specific
scores were calculated by summing the scores for the specific
type of activity across domains.

Two variables were derived from the IPAQ data: (1) average
daily active minutes (IPAQ_PAmin), which was calculated by
summing total time spent walking, in moderate, and in vigorous
intensity physical activity, and then dividing by 7 days; (2)
average daily physical activity level (IPAQ_met), which was
calculated using total physical activity (MET-minutes per week)
divided by 7 days. MET-minutes per week were derived as
duration×frequency per week×MET intensity assigned to each
category of activity [25].

Six-Minute Walk Test (6MWT)
The 6MWT is a test of physical capacity commonly used in the
assessment of cardiac rehabilitation patients and was used to
assess functional capacity of participants. Each participant
completed the test once during their first study visit. The
6MWTs were administered by a research assistant using a
standard protocol [26].

Analysis
Statistical analyses were performed using SAS version 9.2 (SAS
Institute, Inc, Cary, NC, USA) and R version 2.15.0 (R
Foundations for Statistical Computing, Vienna, Austria). All
statistical tests were 2-tailed at a 5% significance level.
Participants’characteristics and physical activity measurements
were first summarized using descriptive statistics. Both Pearson
product moment correlation (r) and Spearman rank order
correlation were used to assess the strength of correlation

between 2 measures with associated P values. Regression
analyses were carried out to investigate the relationships
between the MobilePAL questionnaire, the accelerometer, and
self-report physical activity measured by the IPAQ. For
accelerometer data, Acc_CPM was compared with MobilePAL
because this captures all activities performed by the person
when wearing the device, including incidental and lifestyle
activities. As stated, we estimated average daily METs
(Acc_METs), which reflects activity-related energy expenditure.
In the present study, we did not collect body mass data;
therefore, we were unable to estimate basal metabolic rate and
could not truly estimate PAL. The Acc_METs was considered
an appropriate proxy measure for comparison with MobilePAL.
Energy expenditure obtained from the IPAQ (IPAQ_met) was
chosen as a comparator because it includes a similar
measurement unit as MobilePAL. Potential confounding effects
of age and functional capacity (6MWT) were examined in all
models. Repeated measures analysis was also conducted to
evaluate the change in PAL over the 7-day period.

A Shapiro-Wilk test of normality was conducted with the
relatively small sample size (N=30). When necessary, log
transformation of the outcome variable was considered. Because
the results with and without the log transformation were similar
in all analyses, the original (nontransformed) data are presented.

Results

As shown in Table 2, most participants were New Zealand
European (29/30, 97%), men (26/30, 87%), aged between 49
to 85 years (mean 65.6, SD 8.8). Thirty-six potential participants
were approached to take part. Of these, 32 expressed interest
and 30 completed the study (30/36, 83%). More than half were
working full or part time (19/30, 63%) and 11/30 (37%) were
retired. Thirteen participants (43%) had never smoked and 17/30
(57%) identified as previous smokers. Twenty-one participants
(70%) consumed at least 1 alcoholic drink per week. Distance
walked during the 6MWT ranged from 372 to 742 meters (mean
570.8, SD 96.3).
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Descriptive summaries of all physical activity measurements
obtained by the 3 different instruments are presented in Table
3. All participants provided at least 4 days of valid accelerometer
data. Average daily active minutes measured by IPAQ

(IPAQ_PAmin) were on average lower than the average daily
valid minutes recorded by accelerometer (Acc_PAmin), which
is not surprising because the IPAQ does not capture incidental
movement.

Table 2. Participant characteristics (N=30).

Participants

n (%)

Variables

Gender

26 (87)Male

4 (13)Female

Ethnicity

29 (97)New Zealand European

1 (3)Māori (indigenous)

Medical statusa

23 (77)High blood pressure

26 (87)High cholesterol

5 (17)Diabetes

10 (33)Atrial fibrillation

14 (47)Heart attack

3 (10)Angina

12 (40)Other forms of heart disease

aSome participants reported having more than 1 medical condition.

Table 3. Summary of average daily physical activity obtained by the 3 different instruments, the smartphone, the accelerometer, and the International
Physical Activity Questionnaire (IPAQ).

RangeMean (SD)Instrument and measurement

Smartphonea

1.6-2.11.77 (0.1)MobilePAL

Accelerometerb

108-702313 (140)Acc_CPM

1.5-2.01.69 (0.1)Acc_METs

188-528302 (74)Acc_PAmin

IPAQc

47-1840531 (468)IPAQ_met

14-504149 (131)IPAQ_PAmin

aMobilePAL=daily physical activity level (PAL) measured by smartphone questionnaire.
bAcc_CPM=daily activity counts per minute measured by accelerometer; Acc_METs=average daily metabolic equivalent derived from accelerometer
counts per minute; Acc_PAmin=daily minutes of lifestyle, light, moderate, or vigorous physical activity measured by accelerometer.
cIPAQ_met=MET-minutes per day measured by IPAQ; IPAQ_PAmin=daily minutes of walking, in moderate intensity, and in vigorous intensity physical
activity measured by IPAQ.

The Pearson’s correlation coefficients are presented in Table
4. Associations between the MobilePAL questionnaire and
accelerometer daily activity counts (Acc_CPM), activity-derived
METs (Acc_METs), and IPAQ-derived energy expenditure
(IPAQ_met) were similar in magnitude. The conclusions were
consistent using Spearman rank correlation and, therefore, are
not reported here. Graphs illustrating the degree of spread in

the data are shown in Multimedia Appendix 1. Functional
capacity measured by the 6MWT was not associated with any
variables except age (r=–.43; P=.02). Age was not associated
with the self-report measures, but showed moderate correlations
with Acc_CPM (r=–.53; P=.003) and Acc_PAmin (r=–.46;
P=.01).
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Table 4. Correlations between 3 different instruments, the smartphone, the accelerometer, and the International Physical Activity Questionnaire (IPAQ).

Correlations, raInstrument and measurement

IPAQ_PAminIPAQ_metAcc_PAminAcc_METsAcc_CPMMobilePAL

Smartphoneb

1.00MobilePAL

Accelerometerc

1.00.45Acc_CPM

1.001.00.45Acc_METs

1.00.81.81.39Acc_PAmin

IPAQd

1.00.40.62.62.49IPAQ_met

1.00.99.41.61.61.48IPAQ_PAmin

aStatistically significant correlations (P<.05) are indicated in italics.
bMobilePAL=daily physical activity level (PAL) measured by smartphone questionnaire.
cAcc_CPM=daily activity counts per minute measured by accelerometer; Acc_METs= Average daily metabolic equivalent derived from accelerometer
counts per minute; Acc_PAmin=Daily minutes of lifestyle, light, moderate, or vigorous physical activity measured by accelerometer.
dIPAQ_met=MET- minutes per day measured by IPAQ; IPAQ_PAmin=daily minutes of walking, in moderate intensity, and in vigorous intensity
physical activity measured by IPAQ.

To determine the level of agreement between
accelerometer-derived energy expenditure (ACC_METs) and
Mobile PAL we conducted a Bland-Altman plot (see Figure 2).
Overall, there was good agreement between the methods, with
a mean bias of +0.08 METs.

Linear regression analyses were used to further investigate the
relationships between the variables of interest. Because 6MWT
was not associated with any of these variables, only age was
adjusted in the regression analysis.

We first examined the association between MobilePAL and the
reference standard of accelerometry (Acc_CPM). Both
MobilePAL (beta=.42; P=.008) and age (beta=–.48; P=.002)

were significant predictors of Acc_CPM (adjusted R2=.40,

F2,27=10.58; P<.01). Because Acc_METs were derived from
accelerometer cpm, a separate regression equation was not
conducted. Similar findings were found when IPAQ-derived
energy expenditure was considered in the model. Both
IPAQ_met (beta=.51; P=.001) and age (beta=–.36; P=.016)
made unique contributions to the predicted model (adjusted

R2=.47, F2,27=13.58; P<.001). We also found that IPAQ_met
(beta=.51; P=.007) was strongly associated with MobilePAL

(adjusted R2=0.19, F2,27=4.32; P<.05), but not age (beta=.07;
P=.682).

Repeated measures analysis on MobilePAL over 7 days revealed
little within-day variability. No differences in MobilePAL
between any 2 days were observed after Tukey-Kramer
adjustment, except for days 6 and 7 (adjusted P=.04).
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Figure 2. Bland-Altman plot comparison of energy expenditure obtained using accelerometry (Acc_METs) and the mobile phone questionnaire
(MobilePAL).

Discussion

We found relatively good associations between the mobile
phone-derived activity-related energy expenditure (MobilePAL)
and the accelerometer-derived total daily activity counts
(Acc_CPM), which was similar to that observed with a
commonly used self-report questionnaire, the IPAQ, and slightly
better than that demonstrated in the 12-country validation of
the IPAQ [25]. The similar magnitude of correlations for IPAQ
and MobilePAL with accelerometry data indicates the mobile
phone questionnaire is as good as traditional paper-based
questionnaires. There is potential that the mobile phone
questionnaire may have enhanced recall on the IPAQ, as
participants were answering questions each day about their
physical activities. This constant recall may have led to stronger
associations. Good agreement existed between mobile phone
and accelerometer derived activity-related energy expenditure
(MobilePAL and Acc_METs) with only slight overestimation
of the mobile phone questionnaire compared to the reference
standard of accelerometry. Taken together, these findings
support the use of the mobile phone questionnaire to assess
physical activity levels in people with CVD.

Our study sample included attendees of a cardiac rehabilitation
program; however, many people with CVD are encouraged to
exercise but do not attend cardiac rehabilitation programs

[27-30]. Moreover, adherence at cardiac rehabilitation is low
and many people exercise on their own time in their community.
This mobile phone questionnaire offers a viable approach to
monitoring activity levels of people with CVD, irrespective of
attendance at cardiac rehabilitation. Such data are needed to
truly understand the benefits of physical activity for secondary
prevention of CVD.

In comparison to other cardiac rehabilitation populations, our
sample had a similar mean age [31]. In the present study, age
was a significant predictor in the regression analyses; the older
participants in our sample were less active than the younger
participants, as revealed by the inverse relationship between
accelerometer counts per minute and age. Moreover, participants
in our study had better physical function with a mean 6MWT
of 570 meters, which is greater than that observed in other
postcardiac rehabilitation populations (377-555 m) [31]. This
may be due to a higher exercise dose as our sample participated
in a supervised exercise program 3 times per week.

The repeated measures analyses showed little within-day
variability for the mobile phone questionnaire. For 28
participants, day 6 fell on a Tuesday (n=23) or a Thursday (n=5).
The study participants belonged to a cardiac rehabilitation
exercise clinic that ran on Mondays, Wednesdays, and Fridays,
so perhaps the lower PAL score on day 6 was a reflection of a
rest day for some participants.
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This study builds on previous validation research by Bexelius
and colleagues [15] by testing the convergent validity of the
mobile phone questionnaire in people with CVD. Previously,
the questionnaire has demonstrated validity against doubly
labeled water and accelerometry in Swedish women. Our
findings extend the generalizability of this questionnaire; taken
together, these findings suggest that this mobile phone
questionnaire is a reliable and valid self-report measure of
physical activity.

Recently, another mobile phone-based physical activity
questionnaire has been developed. Sternfeld and colleagues [32]
evaluated an activity diary as an application program to be
administered using a mobile phone. Participants were asked to
record their physical activities on their phone 3 times a day.
Participants could choose activities across 15 different domains,
and responses were associated with MET values derived from
the Compendium of Physical Activities [24]. Compared to
accelerometry, intraclass correlation coefficients ranged from
0.55 for light physical activity to 0.63 for vigorous activity,
whereas correlations were of moderate magnitude and slightly
higher than observed in the present study. As with our study,
there was good user acceptability. Collectively, these studies
highlight the utility of mobile phones for self-reporting physical
activity.

Despite these findings, it is important that researchers do not
necessarily develop a completely new series of mobile phone
applications for self-reporting physical activity, but rather build
on previous research by refining existing platforms. This would
avoid the unnecessary proliferation of questionnaires observed
in the field of physical activity research. To illustrate, there are
currently more than 100 self-report measures of physical activity
in use, with varying degrees of reliability and validity. A recent
review by Helmerhorst and colleagues [7] identified 34 physical
activity questionnaires developed between 1997 and 2011, and
found that these were no more reliable or valid compared to
existing measures. We acknowledge that the field of physical
activity measurement and the resulting techniques and analytic
approaches has progressed considerably as a function of the
development of these questionnaires. However, we suggest that
as researchers, it is in our best interest not to continue this trend
of proliferation with mobile phone questionnaires. A more
fruitful approach might be to build on existing measurement
expertise and work to refine or develop a universal mobile phone
questionnaire for population-level use, as has been done with
the IPAQ or Global Physical Activity Questionnaire.

An important finding from this study is that our sample of
middle-aged to older adults were able to use the smartphone
application. The digital divide, whereby some groups (including
older-aged people) may use technology less than others, has
been considered a barrier for researchers using smartphone
applications [19]. However, there is now abundant evidence
that mobile phones offer unprecedented opportunities to improve
reach into traditionally underserved population groups [33,34].
Indeed, the telecommunications industry has documented a
trend toward a digital divide in reverse, whereby low income
and ethnic minority groups use the technology more than others
[14]. It is estimated that 80% to 90% of the UK population will
have a smartphone within 10 years [19]. Given this increasing
use and availability of smartphone technology, combined with
real-time data collection that is easy to use, makes this a
promising way to obtain physical activity data and retain
participant compliance. Participants are required to answer only
2 questions, thereby reducing the burden typically associated
with other commonly used instruments. It takes less than 30
seconds to answer the MobilePAL questionnaire each day,
whereas the IPAQ took our participants between 10 to 15
minutes to complete. Previous research has highlighted the need
to make mobile phone applications easy to use (ie, 1 click from
main page) [35]. This was an important consideration in our
application development; hence, participants required a single
click from the main page to access the application, 1 click to
select answers to the questions, and 1 click to save responses.
Most participants had never used a smartphone prior to this
study, and anecdotal responses indicated that they generally
found the application easy to use. Collectively, these features
make mobile phone questionnaires, such as the one presented
here, suitable for population-level surveillance.

This study is not without limitations. First our findings are based
on a small (N=30) and relatively homogeneous sample of New
Zealand European men, which impacts on the variability and
generalizability of the data. However, the mobile phone
questionnaire has been validated in other populations using
doubly labeled water and indirect calorimetry [15]. Welk [6]
describes validity as an ongoing and community process because
validation cannot be determined by one study alone. Future
research is needed to validate this questionnaire in other
subgroups and countries.

In conclusion, a mobile phone–delivered questionnaire is a
relatively reliable and valid measure of physical activity, and
is as good as existing self-report measures. Given their
ubiquitous use, mobile phones may be an effective method of
physical activity surveillance data collection.
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by IPAQ
MET: metabolic equivalent
MobilePAL: daily physical activity level (PAL) measured by smartphone questionnaire
PAL: physical activity level
SIM: subscriber identity module
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Abstract

Background: Pain is one of the most common and distressing symptoms reported by adolescents with cancer. Despite
advancements in pain assessment and management research, pain due to cancer and/or its treatments continues to be poorly
managed. Our research group has developed a native iPhone application (app) called Pain Squad to tackle the problem of poorly
managed pain in the adolescent with cancer group. The app functions as an electronic pain diary and is unique in its ability to
collect data on pain intensity, duration, location, and the impact pain has on an adolescent’s life (ie, relationships, school work,
sleep, mood). It also evaluates medications and other physical and psychological pain management strategies used. Users are
prompted twice daily at configurable times to complete 20 questions characterizing their pain and the app transmits results to a
database for aggregate reporting through a Web interface. Each diary entry represents a pain case filed by an adolescent with
cancer and a reward system (ie, moving up through law-enforcement team ranks, built-in videotaped acknowledgements from
fictitious officers) encourages consistent use of the diary.

Objective: Our objective was to design, develop, and test the usability, feasibility, compliance, and satisfaction of a game-based
smartphone pain assessment tool for adolescents with cancer.

Methods: We used both low- and high-fidelity qualitative usability testing with qualitative semi-structured, audio-taped interviews
and iterative cycles to design and refine the iPhone based Pain Squad app. Qualitative thematic analysis of interviews using
constant comparative methodology captured emergent themes related to app usability. Content validity was assessed using question
importance-rating surveys completed by participants. Compliance and satisfaction data were collected following a 2-week
feasibility trial where users were alarmed to record their pain twice daily on the app.

Results: Thematic analysis of usability interviews showed the app to be appealing overall to adolescents. Analyses of both low-
and high-fidelity testing resulted in minor revisions to the app to refine the theme and improve its usability. Adolescents resoundingly
endorsed the game-based nature of the app and its virtual reward system. The importance of app pain diary questions was
established by content validity analysis. Compliance with the app, assessed during feasibility testing, was high (mean 81%, SD
22%) and adolescents from this phase of the study found the app likeable, easy to use, and not bothersome to complete.

J Med Internet Res 2013 | vol. 15 | iss. 3 | e51 | p.231http://www.jmir.org/2013/3/e51/
(page number not for citation purposes)

Stinson et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:jennifer.stinson@sickkids.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: A multifaceted usability approach demonstrated how the Pain Squad app could be made more appealing to children
and adolescents with cancer. The game-based nature and built-in reward system of the app was appealing to adolescents and may
have resulted in the high compliance rates and satisfaction ratings observed during clinical feasibility testing.

(J Med Internet Res 2013;15(3):e51)   doi:10.2196/jmir.2350
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neoplasms; pain; child; adolescent; youth; cellular phone; game

Introduction

Pain is a common and significant burden to children and
adolescents with cancer. This pain may result from cancer, the
various cancer treatment methods, or associated procedures,
and is known to lower quality of life compared to healthy
children [1-6]. Adolescents with cancer (aged 10-18 years)
reported that pain was the most distressing symptom of the
cancer experience [7,8]. Poorly managed pain has been shown
to be additionally problematic as it results in anxiety and distress
related to subsequent treatment and negative long-term
psychological effects [9,10].

Proper assessment is the essential first step to effectively manage
pain experienced by children and adolescents with cancer.
Following pain assessment, pain management strategies can be
developed, refined, and evaluated to provide the best possible
pain relief for adolescents. Still, several barriers prevent
appropriate pain assessment for adolescents. There is no
well-validated multidimensional tool evaluating the sensory
(intensity, quality, and location of pain), affective (emotional
effects), and evaluative (pain’s interference with daily activities)
dimensions of pain in adolescents with cancer [11]. In addition,
existing tools have methodological problems and do not allow
for longitudinal assessments in everyday settings [12,13].

Self-report in the form of paper-based approaches has been the
most commonly used pain assessment modality [14]. However,
patient recall of past experiences involves active reconstruction
of events, which can lead to inaccuracies and biases in the
reporting of the event [14]. Pain reports can also be influenced
by a patient’s affect, as well as the most salient and current state
of pain. Finally, patients resort to hoarding (back filling) or
completing paper-based pain diaries in longitudinal assessment
diaries just prior to returning them to the research center, which
reduces the accuracy of collected data [15].

Real-time data capture using electronically-based pain
assessments represent a superior method for capturing patient
pain data. Wireless mobile devices such as smartphones can:
(1) conveniently collect pain reports in natural settings (ie, they
are pocket-sized, have large memory capacity, and user-friendly
interfaces), (2) be individualized through flexible programming,
(3) create time- and date-stamped pain reports to circumvent
back-filling, and (4) conveniently upload data to secure
electronic databases for review by scientists and clinicians [15].
Recent studies in pediatric [16,17] and adult [18,19] populations
have used Internet and mobile device modalities to effectively
track and manage health conditions.

Adolescents have adopted mobile technology into their everyday
lives in a much quicker and more engaging way than other

generations. A recent report indicated that 75% of adolescents
aged 12-17 years now own mobile phones [20]. Mobile
technology is known to serve five major functions for
adolescents - entertainment, information, communication,
organization, and support. Of these functions, entertainment
and information represent the most frequent uses of technology
by adolescents [21]. Regarding the Apple smartphone devices
specifically, a 2012 survey of 7700 teenagers found that 40%
of teenagers owned iPhones, this was an increase from 23% of
teens owning iPhones the year prior [22]. Capitalizing on the
popularity of smartphone-based entertainment with adolescents,
game-based mobile health applications (apps) may represent
an important means to increase compliance with remote
monitoring and treatment of health issues.

In the present study, we aimed to design and develop a
smartphone-based pain diary app that would be engaging to
adolescents with cancer through the gamification of pain
assessment recordings. The gamification process involved
adolescents playing the role of law-enforcement officers on a
special investigative force that hunts down pain. Gamification
also included a compliance-based rewards system (ie,
proceeding up law-enforcement ranks and receiving videotaped
acknowledgements for logging assessments by fictitious officers
in the field). We sought to use a user-centered design approach
where we actively engaged adolescents in all aspects of the
research process from the app’s inception (design and
development) through usability and feasibility testing to refine
the prototype.

Methods

Pain Assessment Questionnaire Development
Pain assessment questions were developed using the e-Ouch
electronic juvenile idiopathic arthritis pain diary [23-25] as a
template. Expert opinion (ie, captured during a meeting with
10 pediatric oncologists and 10 pediatric pain experts) was used
to modify the arthritis diary questions to be cancer pain-specific.
The following modifications were made: (1) the body-map was
altered to include areas known to be commonly painful in
cancer, (2) the addition of a list of possible pain-associated
symptoms (eg, nausea), (3) lists of medications and other
therapies were changed to include those commonly used to treat
cancer pain, and (4) the addition of a list of possible pain sources
(eg, treatments, procedures). The final pain assessment
questionnaire consisted of 20 questions on the multidimensional
(ie, sensory, affective, and evaluative) nature of pain, as well
as questions related to pain management strategies used and
their effectiveness.
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Pain Squad App Design and Development

Pain Squad Design Principles
The design principles included: (1) a multidimensional pain
diary to help adolescents track their pain and treatments that
help and do not help to reduce pain, (2) a function to alert the
research team if pain was moderate to severe for 2 consecutive
entries, and (3) the integration of rewards and incentives into
the system to sustain engagement with the tool for 2 weeks.

Pain Squad, a special police unit, was designed as an incentive
for adolescents to use the app (Figure 1). Adolescents were
recruited by a special investigative force whose mission was to
“hunt down pain and put it behind bars”. Twice a day,
adolescents completed a pain-reporting mission by answering
questions about pain intensity and location using a simple
touchscreen interface. As mentioned, 20 questions about an
adolescent’s pain were asked. Questions took the form of: (1)
touchable visual analogue slider scales to rate dimensions of

pain (pain intensity, pain unpleasantness, pain interference,
control over pain) from 0 to 10, (2) a selectable body-map to
identify pain locations, (3) multiple choice questions about pain
characteristics (duration of pain, causes of pain, pain
management strategies used and their effectiveness.), (4) lists
of selectable words describing pain and associated symptoms
(not shown), and (5) a free-text question to collect additional
information adolescents may wish to record (Figure 2). Filling
out 3 reports in a row earned a promotion to the next rank in
the squad. The promotions were delivered in the form of short
videos featuring the stars of Canadian-filmed TV shows
Flashpoint and Rookie Blue (Figure 3). The “badge/medal” and
video earned by the adolescent through promotion could be
re-watched if desired. Pain Squad is not a game in the strictest
sense and does not have rules or objectives beyond participation.
Instead, the software used features of games such as rewards
and achievements. The design concept was refined during
low-fidelity usability testing (outlined below).

Figure 1. Pain Squad app title screen.
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Figure 2. Screenshots of Pain Squad app assessment functionality showing the visual analogue slider scale (top left), the selectable body-map (top
right), a multiple-choice question (bottom left), and a free-text question (bottom right).
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Figure 3. Screenshots of Pain Squad reward system showing compliance-based promotion scheme (left), and videotaped acknowledgement of the
adolescent’s compliance with completing pain assessments (right).

App Development
Once the overarching concept for the app and the app’s design
elements were developed in consultation with adolescents (ie,
during low-fidelity usability testing), a prototype Pain Squad
app was created for high-fidelity usability testing (outlined
below). Pain Squad was programmed to be accessible to
adolescents using an iPhone 4S. The app was built using
client-server architecture. The client component was built in
native Apple iOS code and the server component used
iBATIS.NET to broker data exchange and an MS SQL Server
2008 database to manage incoming pain assessment data. The
system also contained a password-protected Web-interface
allowing researchers to create studies, add new study
participants, and access results.

Pain Squad used iPhone audible alerts to notify adolescents to
complete pain assessments. The system generated 3 alerts for
each pain assessment to be completed. The timing of these alerts
was tailored to the needs of adolescents by allowing adolescents
to choose alarm times from a number of preset options. Data
entered by adolescents were stored on the iPhone in an SQLLite
database and communicated to the server whenever the
application was online. Pain assessment data were not accessible
via the iPhone and were transmitted to the server using an
encrypted (HTTPS) protocol over a Secure Socket Layer (SSL)
connection. The server was hosted at the tertiary care center
behind a firewall in a network secure environment. A user name
and password were required to access data.

Participant Characteristics
Adolescents involved in the usability and feasibility testing
were recruited from one large university-affiliated tertiary
hematology/oncology care center in Toronto, Canada over a
1-year period in 2011-2012. Children and adolescents were
eligible to participate if they: (1) were able to speak and read
English, (2) were 9 to 18 years old, (3) were diagnosed with
cancer, (4) were being seen on an in- or out-patient basis by the
oncology team, and (5) had self-reported pain at least once in
the last week. Adolescents were excluded if they had severe
cognitive impairments or major co-morbid medical or
psychiatric illnesses that would preclude pain assessment by
self-report. Consent was obtained prior to involvement in any
phase of the study and all adolescents completed a brief
questionnaire on their demographic characteristics. The research
assistants gathered additional demographic and disease-related
data from medical charts.

Phase 1: Usability Testing

Phase 1a : Low-Fidelity User-Centered Design
Following the development of the cancer pain assessment
questionnaire, app interface designs were trialed with
adolescents. A qualitative usability testing approach was used
with 3 iterative cycles of semi-structured audiotaped interviews.
Fifteen adolescents (5 in each of 3 cycles) were shown paper
screenshots of the pain assessment application and were asked
what they liked and disliked about the design, premise of the
game, and question format. The list of questions was modified
during the course of the interview process in light of emerging
themes and field notes related to perceived ease of use.
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Technical problems with the app were recorded by the research
assistant. Adolescents were further asked to provide suggestions
for improvement. Design elements were modified and new paper
screenshots were generated and tested until no further changes
were suggested.

Phase 1b: High-Fidelity User-Centered Design
Following the development of a fully functional iPhone-based
Pain Squad prototype, usability testing (2 iterative cycles) with
semi-structured audiotaped interviews was again conducted
with 18 adolescents with cancer (21 adolescents were
approached to participate and 3 declined). In this phase, a
research assistant first provided adolescents with a brief
(approximately 5 minutes) demonstration of the Pain Squad app
on the iPhone using a standardized pain vignette. Adolescents
were then asked to complete the app, recording their own pain
while thinking aloud about likes, dislikes, and difficulties with
the app. At the end of each session, a research assistant asked
a series of standardized open-ended questions related to ease
of use, and what adolescents liked or disliked about the app.
The research assistant recorded the answers to questions that
explored emerging themes and field notes on ease of app use.
After the first iterative cycle, changes were made based on
themes identified from adolescent opinion. A second iterative
cycle was conducted with 8 adolescents, which generated no
further recommendations for changes to the app.

Adolescents participating in the high-fidelity testing also rated
the content validity of the pain diary questions. To do so,
adolescents used a 4-point Likert scale to rate each question
from “not important at all” to “very important”.

Data Analysis for Usability Testing
In both low- and high-fidelity testing, demographic data were
analyzed using SAS version 9.1.3 [26]. Audiotaped usability
interviews were transcribed verbatim. All transcripts from the
usability testing phases were verified against the tapes and
imported into NVivo 8.0 [27] for coding. Field notes taken
during the interviews were also transcribed and included in the
analytic process. Using grounded theory latent coding [28], data
were coded according to the study objective and categorized to
reflect emerging themes. Changes to the prototype were made
based on feedback from each iterative cycle of testing. In
addition, thematic analysis of high-fidelity usability interviews
was performed according to adolescent age group (9-12 years
and 13-18 years) to identify any age-specific differences in
opinion. This analysis was performed in the same manner
described above.

Phase 2: Clinical Feasibility Testing

Overview
Following usability testing, a clinical feasibility test was
conducted with adolescents with cancer to determine compliance
and satisfaction with the app. For this phase, adolescents were
trained on app use with standardized pain vignettes. Fourteen
adolescents were then loaned an iPhone 4S and asked to
complete Pain Squad pain assessments twice daily (in the
morning and the evening) for 14 days. Telephone assistance
was available to adolescents in case of technical problems. The
research team reviewed a summary of each adolescent’s pain
reports daily so that patient safety issues could be identified and
resolved.

On day 15, adolescents were prompted by the phone using an
audible alert to complete the Pain Squad Evaluation
Questionnaire on the iPhone, which ascertained likes and
dislikes with the Pain Squad app. The Pain Squad Evaluation
Questionnaire involved multiple 4-point Likert scales. As an
example, selectable options for the question, “How much did
you like using the pain diary?” were: “very much liked it”,
“liked it okay”, “did not like it or disliked it”, and “did not like
it at all”. Data generated from these surveys were used to
establish satisfaction and ease-of-use of Pain Squad, the degree
to which the app interfered with daily activities as well as
information on how long adolescents would be willing to use
the diary. The Evaluation Questionnaire also included a free-text
question where adolescents were encouraged to enter any other
information about the diary they felt important to discuss.

Clinical Feasibility Testing Data Analysis
Compliance was defined as 100% when 28/28 entries were
completed within the 2-week period. Compliance and
satisfaction were analyzed using SAS version 9.1.3 [26]. The
level of significance was set at P<.05. Comparisons between
compliance data generated during feasibility testing were made
using t tests.

Results

Phase 1: Usability Testing

Participant Characteristics
Demographic and disease characteristics of adolescents included
in the low- and high-fidelity user-centered testing are shown in
Table 1. The age of participants in each phase of testing was
similar (approximately 13 years). Both male and female
participants were included in all phases of the study and
participants also had a variety of cancer diagnoses. Time since
diagnosis was on average less than 2 years for participants in
each study phase.
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Table 1. Demographics and disease characteristics of adolescents included in low- and high-fidelity usability testing, content validity testing, and
feasibility testing.

Phase 2:

Feasibility

(n=14)

Phase 1b:

High-fidelity usability and content
validity testing

(n=18)

Phase 1a:

Low-fidelity usability testing

(n=15)

n (%)Mean (SD)n (%)Mean (SD)n (%)Mean (SD)Characteristics

Age (years) a

13.2 (2.3)13.4 (2.9)13.9 (1.9)

Gender

9 (64)9 (50)7 (47)Female

5 (36)9 (50)8 (53)Male

Primary diagnosis

7 (50)6 (33)4 (27)ALL

2 (14)0 (0)3 (20)AML

1 (7)3 (17)1 (7)Ewing’s Sarcoma

2 (14)1 (6)2 (13)Non-Hodgkin’s Lymphoma

1 (7)4 (22)2 (13)Osteosarcoma

0 (0)2 (11)1 (7)Rhabdomyosarcoma

1 (7)2 (11)2 (13)Other

Patient type a

6 (43)15 (83)8 (53)Inpatient

8 (57)3 (17)7 (47)Outpatient

Duration of illness (years) a

0.8 (0.7)1.4 (4.2)0.8 (0.8)

aat the time of study recruitment

Phase 1a: Low-Fidelity User-Centered Design Phase

Overview

Transcript analysis from low-fidelity testing revealed 4 distinct
themes, which guided the development of the game-based app:
(1) a need to change the game theme, (2) the importance of the
reward-system, (3) an appreciation for the aesthetics of the app,
and (4) changes required to improve ease of use.

Change to the Game Theme

During low-fidelity usability testing, and before a capital
investment in programming was made, we endeavored to find
a theme for the app that was well-liked by adolescents.
Adolescents with cancer had difficulty relating to the original
game theme and expressed the need to change the game to
improve app desirability. The original theme of the game
centered around a private detective agency. According to the
game, this agency was known as “Gum Shoe” and investigated

pain cases. The gumshoe concept fared poorly in usability trials
and was considered difficult to relate to by adolescents. In fact,
the lack of understanding around the term gumshoe was the
most strongly endorsed message in the first iteration of
low-fidelity testing. Indeed, none of the adolescents interviewed
knew what gumshoe meant. This was articulated by an
adolescent who discussed unfamiliarity with the concept.

I don’t know what gumshoe is. I would guess that
gumshoe means…just gum on a shoe? [Female, 13
years]

To address this issue, the game theme was changed to “Pain
Squad”. Pain Squad took a more modern approach by using a
“pain detective” concept and saw adolescents playing the role
of law-enforcement officers (Figure 4). This new concept was
trialed with adolescents in the second iteration of low-fidelity
testing and received overwhelmingly positive endorsements.
No further changes to the design theme were required.
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Figure 4. App prototype home screens: the Gum Shoe home screen depicting a detective case file (left), and the Pain Squad home screen depicting the
desk of a law enforcement officer (right). Tapping "Start Survey" or "Start Case" begins the pain assessment. Tapping "Accomplishments" or "Rewards"
allows review of rank and access to videotaped acknowledgements.

Importance of the Reward System

Embedded in the Pain Squad app design was a reward system
to encourage pain assessment competition. This reward system
was highly regarded by adolescents as illustrated below.

I think that [the reward system] is a really good idea!
That makes it way more enjoyable. I really like the
moving up…idea and the rewards. [Female, 16 years]

Appreciation for the Game Esthetics

The color scheme, fonts, and graphics used in the Pain Squad
app were considered attractive to adolescents, helping to create
interest in the app. During low-fidelity testing, adolescents made
several positive comments regarding the appearance of the app
screenshots:

Green, blue, and yellow are really good colors for
this app, for a detective. I like the layout, it’s cool.
And I like the font. [Female, 13 years]

I would just scroll through and tap on the screen. I
like how there are the different choices and the colors.
That’s really cool! [Female, 12 years]

Changes Required to Improve Ease of Use

Based on the screenshots shown, adolescents suggested several
changes to improve usability of the game-based app. These
changes included adding verbal and numerical anchors to pain
assessment scales to guide pain ratings (eg, “no pain” and “worst
possible pain”, 0 and 10 respectively) and providing clarification
on body parts in the pain location body map. The quote below
demonstrates one adolescent’s recommendation that the torso
and the abdomen should be combined.

These two parts aren’t clear. I don’t even know what
part of the body that is! It’s better to have them
together. It’s easier to understand. [Female, 16 years]

These recommendations were addressed before proceeding to
the high-fidelity testing as seen in Figures 5 and 6.
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Figure 5. Screenshots of Pain Squad app visual analog scales showing before (left) and after (right) verbal and numerical rating anchors were added.
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Figure 6. Screenshots of Pain Squad app "body map" showing before (left) and after (right) body parts were combined as recommended by adolescents.

Phase 1b: High-Fidelity User-Centered Design Phase
and Content Validity Testing

Overview

Four themes highlighting the usability of the game-based app
were identified through analysis of high-fidelity usability
interviews. These themes were: (1) general endorsement of the
app, (2) appeal of the game and rewards aspects of the app, (3)
ease-of-use of app, and (4) recommendations for improving the
user-interface of the app. We found no differences in endorsed
themes between younger (9-12 year olds) and older (13-18 year
olds) adolescents. These themes therefore represent the
convergent perspectives of study participants.

General Endorsement of the App

Adolescents overwhelmingly endorsed the app as appealing
and fun to use. Every adolescent interviewed said they would
use the app daily for an extended period (ie, 2 weeks) if given
the option. This satisfaction with the app is illustrated in the
following quote from an adolescent with cancer:

Oh cool! It’s so interesting…I liked that you could
put down how you felt. Instead of talking to somebody
you could just put down how you feel…It was really
simple. I liked everything. I think that one, I’d add to
my phone! [Female, 11 years]

Appeal of the Game and Rewards Aspects of the App

The game-like features of the app and the rewards program were
also seen as appealing to adolescents with cancer. Adolescents
appreciated the ability to role-play as a detective and advance
through the law enforcement team ranks.

Oh that’s cool! I liked the way your like a spy trying
to solve a case because it made it more interesting.
[Male, 10 years]

I like that you can see what rank you are and what
you need to do [to advance]. [Female, 11 years]

Ease-of-Use of App

All adolescents interviewed also endorsed the ease-of-use of
the app. All adolescents found the app to be “easy to understand”
and “easy to navigate”. Adolescents also discussed their own
familiarly with using electronic devices such as smartphones
and did not foresee themselves having any problems using Pain
Squad.

Recommendations for Improving User Interface of the App

As in the low-fidelity testing, specific suggestions for
improvements to the app were made by adolescents. Adolescents
in the first iteration of high-fidelity usability testing found that
the wording of some of the questions was confusing. For
instance, one adolescent did not understand the question, “How
much control do you feel you have over your pain?”

It sort of doesn’t really make sense. Like how much
control you had? How could you like really have like
the control? So I didn’t really like that one. [Male, 9
years]

In the first iteration, 4 out of 10 adolescents also discussed the
need to be able to select more specific areas on the body location
map.

Umm the questions were pretty accurate, though I
didn’t like the body map because it wouldn’t let you
select exact body parts [in pain]. [Male, 11 years]
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The final first-iteration recommendation by adolescents involved
the placement of selectable buttons on the screen. Adolescents
found it too easy to advance through questions by accidently
tapping on the “Next” button before having time to decide on
their answer.

These issues were addressed by further sub-dividing the body
map such that more specific body areas could be selected (Figure
7), simplifying question wording and moving the “Next” button
to prevent accidental tapping. No further recommendations for
changes were made in the second iteration of testing.

Figure 7. Screenshots of Pain Squad app "body map" showing before (left) and after (right) specificity of selectable pain location was improved.

Content Validity Testing

Content validity testing affirmed the importance of pain
assessment questions for adolescents with cancer. Results
indicated that 88% of questions were rated as “important” or
“very important” by the majority (>50%) of adolescents.
Questions that did not achieve this rating related to the impact
of pain on: (1) things adolescents did, (2) schoolwork, and (3)
relationships with friends and family.

Phase 2: Clinical Feasibility Testing

Participant and Pain Characteristics
Demographic and disease characteristics are shown in Table 1.
Data collected from the feasibility testing provided data on the
pain experience of adolescents with cancer. These data showed
that average pain reported by an adolescent with cancer at the
time of completing the diary was 2.3/10 (SD 1.8). Pain was
present for 14% (2/14) of adolescents on every pain assessment
completed. Additionally, average worst pain in the 12 hours
preceding a reported pain episode was 5.8/10 (SD 1.3). Pain
reports received were reviewed by the research team. The team
did not need to intervene with any adolescents participants for
safety reasons.

Compliance
Rates of app compliance were high, with a mean of 81% (SD
22%) of pain assessments completed by adolescents. The
relatively large variability (22%) in assessment completion was
due in large part to low rates of completion by 2 adolescents.
One adolescent completed only 14% (4/28) of the Pain Squad
entries and cited that she forgot to keep the iPhone with her as
the reason for non-compliance. Another adolescent was
hospitalized for an emergency medical complication during the
feasibility trial and did not bring the iPhone with her to the
hospital. Upon hospital discharge she resumed Pain Squad
assessments, completing a total of 57% (16/28) of entries.
Average compliance with these 2 adolescents excluded from
the analyses was 88% (SD 8%).

There were no differences in mean compliance with assessments
between morning and evening reports (82% SD 23% vs 80%
SD 23%, P=.77) or between week days and weekends (80%
SD 24% vs 82% SD 23%, P=.84). In addition, compliance with
Pain Squad remained high for the duration of the feasibility trial
as no difference in assessment completion rates was seen
between week 1 and week 2 (84% SD 20% vs 78% SD 29%;
P=.55). Sub-group analyses of the feasibility trial cohort showed

J Med Internet Res 2013 | vol. 15 | iss. 3 | e51 | p.241http://www.jmir.org/2013/3/e51/
(page number not for citation purposes)

Stinson et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


no difference in compliance rates according to gender (females:
79% SD 28%, males: 84% SD 8%, P=.68) or initial treatment
location (in-patient: 84.5% SD 15.6%, out-patient: 78% SD
27%, P=.59).

Satisfaction
Data from the post-study Pain Squad Evaluation Questionnaire
showed that adolescents enjoyed using the game-based app,
found it easy to use and found that it did not interfere with their
daily activities. When asked about how much they liked using
Pain Squad, 86% of adolescents (12/14) indicated that they
“very much liked it” or “liked it okay” and only 14% (2/14)
indicated that they “didn’t like it” or “didn’t like it at all”.
Regarding the overall appearance of the app, 64% of adolescents
(9/14) “very much liked it” and 36% (5/14) “liked it okay”. No
adolescents surveyed indicated that they did not like the app
design. Regarding ease-of-use, 79% of adolescents (11/14)
found the app “very easy” or “easy” to fill out twice a day and
14% (2/14) found it “a little hard” to do. The majority of
adolescents also indicated that completing Pain Squad did not
affect activities and friendships, with only one participant (7%
of respondents) stating that the app “interfered a lot” with these
activities. The majority of adolescents (79%; 11/14) reported
that 2 weeks was an appropriate amount of time to use the app,
but longer periods of usage (ie, greater than 6 weeks) were
endorsed by the remainder of respondents.

Discussion

We present the design and development of a game-based
mHealth app to routinely assess pain in adolescents with cancer.
We further present data on compliance with completing
assessments collected during a 2-week clinical feasibility study.
Low-fidelity, user-centered design led to the identification of
needed changes to improve the game-based premise of the app
and its ease of use (ie, changes to body map, inclusion of
anchors to assessment scales). The high-fidelity, user-centered
design approach led to the identification of additional needed
revisions to the app, but also led to an appreciation of
adolescents’ positive reactions to the novel approach of
gamification used in this app (video clips from officers in field
and graduated reward system). This phase further affirmed the
content validity of the pain assessment questions. The feasibility
trial demonstrated high rates of compliance and overall
satisfaction with the app.

To our knowledge, the present study was the first to report on
a user-centered approach to the design and development of a
smartphone-based multidimensional pain assessment app for
adolescents with cancer. A report on the user-centered design
of an mHealth cancer symptom assessment diary for adolescents
has been previously published [29]. This study however, did
not include adolescents in the design of the interface and did
not take a multidimensional approach to the assessment of pain.
Our study has used multiple iterative usability cycles (both low-
and high-fidelity) to refine the Pain Squad app theme and design.
Elucidating the opinions, insights, and recommendations of
adolescents from the early stages in app design is critical to
ensure a pain assessment tool that is well utilized and clinically
helpful. We have also established the content validity of the

pain assessment questionnaire through question-importance
ratings by end users.

This study was also the first to report on the development and
preliminary testing of a game-based mHealth pain assessment
tool. We have gamified the concept of pain assessment by: (1)
having adolescents with cancer role-playing as officers on the
Pain Squad, and (2) rewarding compliance with assessment
completion with videotaped acknowledgements and the ability
to advance through the law-enforcement ranks. Given the
popularity of smartphones with adolescents and the
entertainment value of these devices, we reasoned that gamifying
health information collection (ie, pain assessment data) using
iPhones might improve compliance with reporting. The
gamification of the app was highly endorsed by adolescents in
both the low- and high-fidelity user-centered design phases.
Adolescents helped to refine the game premise, positively rated
app aesthetics (eg, colour scheme, font, graphics) and
resoundingly endorsed the rewards component of the game.

The clinical feasibility examination showed high compliance
rates with the diary irrespective of time of day (ie, morning vs
evening) or week (weekday vs weekend). Compliance was also
sustained for the duration of the trial, as there were no observed
compliance differences between week 1 and week 2. Sub-group
analyses also showed no difference in compliance rates between
male and female participants or in- and out-patient participants.
A systematic review of 62 publications on electronic pain
assessment diaries in both children and adults showed
compliance rates to be generally high [30]. The authors of the
review used backward regression analysis to determine
predictors of high compliance and found compliance to be
positively associated with shorter diaries, older age of
participants, having access to a user’s manual, alarmed
reminders, and financial compensation. Additionally important
to consider is the clinical context of our study. All of the
participants in the feasibility trial were actively being treated
for cancer. Cancer treatment is known to be physically
exhausting for adolescents [31,32] and could theoretically have
adversely effected pain diary completion. Despite this potential
adverse impact on reporting, the adolescents completed a large
majority of pain assessments on a regular basis.

We propose several possible reasons for the high rates of
compliance observed in the present study. First, audible tailored
alarms were used to signal participants to complete pain
assessments. Audible alarms have been used in previous
mHealth assessment studies with adolescents and these studies
have also reported high compliance rates [25,33-36]. These
alarms act as a direct reminder to participants to log health
information. Secondly, we propose that the gamification of the
pain assessment app motivated adolescents to complete
assessments. Gamification involves the use of videogame
components in non-gaming systems to improve user satisfaction
[37]. Several previous studies have used reward programs to
encourage compliance with mHealth interventions by
adolescents [33-35]. However, the reward programming in these
studies involved external motivators (ie, money or gift cards
given for completing reports). In the present study, we used no
such incentive to encourage compliance but observed
compliance rates similar to those previous studies. We
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hypothesize that because of the adolescents’ endorsement of
the Pain Squad game premise and virtual rewards system, the
app was internally motivating to complete. This is important
because the financial feasibility of supplying patients with
monetary rewards to log health information, especially over
extended periods of time, is limited. Novel mechanisms, such
as promotions to the next law-enforcement rank, could inspire
improved compliance with health reporting and may ultimately
be more practical for use by researchers, clinicians and the health
system at large.

As the diary was used twice-daily for 2 weeks, we cannot
comment directly on how compliance might be impacted if the
app were used for a longer time period. Given that compliance
did not significantly change from week 1 to week 2 and
previously observed high rates of compliance over weeks to
months [30], high compliance rates may be maintained for
longer periods. Our data from the Evaluation Questionnaire also
indicated that some adolescents were willing to use the app for
longer periods (ie, potentially for a period longer than 6 weeks).
However, a direct examination of the impact of gamification
on long-term compliance with pain diaries remains to be
conducted.

Our clinical feasibility test also showed that adolescents with
cancer enjoyed using the app over the 2-week period, found it
to be attractive and easy to use and felt that it did not interfere
with their daily activities. These results are important as they
relate to pain management in adolescents with cancer. Because
of the complexity of pain management in this group [38-41],
accurate and throughout pain assessment is required.
Multidimensional pain assessment over extended periods of
time (ie, weeks) and multiple times during the day is therefore
needed. An electronic pain assessment diary that is well-liked,
attractive, and not a burden to complete can assist in collecting
important data from adolescents with cancer allowing for
improved pain management.

Our study had several limitations that may have tempered
interpretation of results and conclusions. First and importantly,

we did not directly examine the causes of our observed high
compliance rates and could therefore only speculate that they
resulted from audible alarms and the gamification of pain
assessment. Similarly, should audible alarms and gamification
improve compliance, we do not know the degree to which each
factor impacted on end user engagement. In addition, our user
samples for all phases were drawn from the oncology program
at one pediatric tertiary care center, thereby limiting the
generalizability of our results. However, with samples as small
as 5 end users per iterative usability cycle, the majority of
usability problems can be identified [42]. We interviewed each
user only once during usability testing and did not verify the
results of our thematic analysis with adolescents. Finally, as the
Pain Squad app was programmed in Apple iOS code, it was
accessible only via Apple devices (ie, iPhone, iPad, iTouch).
We are currently exploring options to improve the accessibility
of Pain Squad by having it programmed for use on other
platforms (eg, Blackberry, Android).

In conclusion, we have demonstrated a user-centered approach
to the design and development (including the establishment of
content validity) of a novel mHealth pain assessment tool for
adolescents with cancer. We also report high rates of compliance
and satisfaction with the app as demonstrated in a 2-week
clinical feasibility test. We propose that the gamification of the
app may have positively impacted compliance and satisfaction
and suggest that the use of internal motivators, such as virtual
reward systems, is an important area for future mHealth
research. Multi-site testing of the validity (including
responsiveness) and reliability of the Pain Squad electronic pain
diary is currently underway. In addition, future research by our
group will focus on using the Pain Squad app as a platform for
a clinical decision support system to aid adolescents in making
pain management choices. A valid and reliable electronic diary
with pain management capabilities has the capacity to result in
improved pain management, and ultimately improve quality of
life for adolescents with cancer.
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Abstract

Background: Internet-based interventions are increasingly used to support self-management of individuals with chronic illnesses.
Web-based interventions may also be effective in enhancing self-management for individuals with chronic pain, but little is known
about long-term effects. Research on Web-based interventions to support self-management following participation in pain
management programs is limited.

Objective: The aim is to examine the long-term effects of a 4-week smartphone-intervention with diaries and therapist-written
feedback following an inpatient chronic pain rehabilitation program, previously found to be effective at short-term and 5-month
follow-ups.

Methods: 140 women with chronic widespread pain, participating in a 4-week inpatient rehabilitation program, were randomized
into two groups: with or without a smartphone intervention after the rehabilitation. The smartphone intervention consisted of one
face-to-face individual session and 4 weeks of written communication via a smartphone, consisting of three diaries daily to elicit
pain-related thoughts, feelings, and activities, as well as daily personalized written feedback based on cognitive behavioral
principles from a therapist. Both groups were given access to an informational website to promote constructive self-management.
Outcomes were measured with self-reported paper-and-pencil format questionnaires with catastrophizing as the primary outcome
measure. Secondary outcomes included daily functioning and symptom levels, acceptance of pain, and emotional distress.
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Results: By the 11-month follow-up, the favorable between-group differences previously reported post-intervention and at
5-month follow-up on catastrophizing, acceptance, functioning, and symptom level were no longer evident (P>.10). However,
there was more improvement in catastrophizing scores during the follow-up period in the intervention group (M=-2.36, SD 8.41)
compared to the control group (M=.40, SD 7.20), P=.045. Also, per protocol within-group analysis showed a small positive effect
(Cohen’s d=.33) on catastrophizing in the intervention group (P=.04) and no change in the control group from the smartphone
intervention baseline to 11-month follow-up. A positive effect (Cohen’s d=.73) on acceptance was found within the intervention
group (P<.001) but not in the control group. Small to large negative effects were found within the control group on functioning
and symptom levels, emotional distress, and fatigue (P=.05) from the intervention baseline to the 11-month follow-up.

Conclusion: The long-term results of this randomized trial are ambiguous. No significant between-group effect was found on
the study variables at 11-month follow-up. However, the within-group analyses, comparing the baseline for the smartphone
intervention to the 11-month data, indicated changes in the desired direction in catastrophizing and acceptance in the intervention
group but not within the control group. This study provides modest evidence supporting the long-term effect of the intervention.

Trial Registration: Clinicaltrials.gov NCT01236209; http://www.clinicaltrials.gov/ct2/show/NCT01236209 (Archived by
WebCite at http://www.webcitation.org/6FF7KUXo0)

(J Med Internet Res 2013;15(3):e72)   doi:10.2196/jmir.2442

KEYWORDS

Internet-based personalized feedback; widespread chronic pain; fibromyalgia; pain management; eHealth; smartphone; Internet;
cognitive therapy; catastrophization

Introduction

Chronic widespread pain (CWP) is a common cause of suffering
in the adult population, with reported prevalence rates between
4% and 10% [1-5]. In addition to pain, fatigue, sleep
disturbance, and emotional distress are common [1,5]. A
subgroup has more severe symptoms and meets the diagnosis
criteria of fibromyalgia [2,5]. Knowledge of the pathogenesis
of CWP and fibromyalgia is still evolving; dynamic processes
including biological, social, and psychological factors are known
to be involved [6]. Multidimensional rehabilitation is the
recommended treatment, including interventions based on
cognitive behavioral therapy (CBT) where patients learn how
thoughts, beliefs, and feelings can influence the pain experience
and functioning [6,7]. The short-term effects are well
established, but concerns about the long-term effects have been
raised [7-11]. It has been indicated that for 30-60% of patients
participating in pain management programs, the treatment gain
is not maintained long-term (at 1- to 5-year follow-ups) [8,10].
The need for strategies to maintain treatment effects by
supporting self-management following treatment has received
little attention in the research field [8].

An increasing number of studies on Internet-based interventions,
many based on CBT (iCBT), indicate their efficacy in supporting
use of constructive self-management strategies in individuals
living with chronic illness [12-15]. The results of research on
iCBT for individuals with chronic pain are not entirely
consistent, but in a recent systematic review, it was concluded
that Internet-based interventions seem promising [16]. At least
three recent randomized trials, not included in this review,
support this conclusion. A randomized trial of an intervention
consisting of a website with self-management information based
on CBT and no therapist contact was found to reduce pain and
increase physical functioning in individuals with fibromyalgia,
compared with a control group receiving standard care alone,
at a 6-month follow-up [17]. Another study, testing the effect
of a no-therapist contact online intervention found positive

effects on pain, catastrophizing, and disability for the
intervention group [18]. In the third study, persons with
persistent symptoms after multidisciplinary pain management
rehabilitation received 8 weeks of guided iCBT. There was a
medium between-group effect between the intervention group
and the active control group, but a small within-group effect on
catastrophizing after the intervention, and the improvements
were maintained after 6 months [19].

To date, research on the effects of iCBT for persons with pain
beyond 6-month follow-up is limited. Additionally, only a few
studies on iCBT have investigated the effect of an intervention
aiming to support self-management following participation in
a traditional pain management program [19,20].

Most iCBT interventions for chronic pain are based on weekly
modules with self-help material and involve weekly written
communication with a therapist [16,19]. A few studies have
investigated a different approach to iCBT with daily
communication with a therapist over a few weeks, using a
personal digital assistant (PDA) or smartphone [20-24]. The
use of a smartphone instead of a desktop or laptop computer
gives the participant the flexibility to register and receive
information in different situations of daily life. In these studies,
diaries with questions aiming to support awareness of
disability-related thoughts (eg, catastrophizing) and feelings
have been made available to patients on a Web-enabled mobile
phone or a smartphone. Instead of weekly feedback from a
therapist, the participants receive a daily written message
personalized according to the recently registered information.
Two randomized trials provide evidence for positive short-term
effects (3-month/5-month follow-up) [20,24].

In our randomized controlled study, 135 women with CWP
completing a 4-week inpatient rehabilitation program were
included [20]. A large effect on catastrophizing was found
between the groups for the completers after receiving
personalized feedback via a smartphone for 4-weeks. At 5-month
follow-up, the effects remained moderate for catastrophizing,

J Med Internet Res 2013 | vol. 15 | iss. 3 | e72 | p.247http://www.jmir.org/2013/3/e72/
(page number not for citation purposes)

Kristjánsdóttir et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/jmir.2442
http://www.w3.org/Style/XSL
http://www.renderx.com/


acceptance of pain, and functioning and symptom level [20].
The objective of the present paper is to report long-term results
of the previously published trial on the smartphone intervention,
ie, involving the same study with the same sample [20]. It was
hypothesized that the intervention group would report less
catastrophizing, better functioning, increased acceptance of
pain, and success in values-based living than the control group
at 11-month follow-up.

Methods

Study Design
The overall study design is shown in Figure 1. The design is a
parallel-group randomized controlled trial. Further details of
the study can be found in our earlier publication from this trial
[20].

All participants attended a 4-week inpatient multidimensional
rehabilitation program for chronic pain. The program included
education in pain mechanisms and CBT-based pain management
(approximately 20 hours), various forms of aerobic exercise,
stretching, relaxation, individual myofascial pain treatment, and
medication was administered as needed (see [25] for details of
the program). In the fourth week of the program, participants
were randomly assigned to one of the two study groups. A
detailed description of the recruitment procedure is given in the
previous report [20].

The intervention group received a smartphone intervention for
4 weeks after completing the inpatient rehabilitation. Both
groups were given access to an informational website with
self-help pain-management material. Self-reported assessments
on paper were gathered at five time-points: before (T1) and after
(T2) the inpatient program, 4 weeks after discharge (T3) when
the intervention group had completed their smartphone
intervention, and 5 (T4) and 11 months (T5) after the
smartphone intervention period (ie, 12 months after discharge
from the inpatient rehabilitation program). The first two
questionnaires were received and completed at the rehabilitation
center and the others were completed at home and returned by
mail. In this paper, results of the first two assessments (T1 and
T2) and the last (11-month follow-up, T5) are reported. The
customary self-report administration mode at the rehabilitation
center was a paper-and-pencil format and was therefore used
in this study.

Participants
Participants were recruited consecutively from Jeløy Kurbad
Rehabilitation Centre in Moss, Norway. Patients were referred
to the center by their general practitioner, a medical specialist,
or from a hospital. The inclusion criteria for the study were:
female, 18 years or older, participating in the inpatient program
for persons with chronic pain, having suffered from CWP for
more than 6 months (with or without a diagnosis of
fibromyalgia), not participating in another research project at
the rehabilitation centre, being able to use the smartphone, and
not being diagnosed with a profound psychiatric disorder.

Ethical Aspects
The study was approved by the Regional Ethics Committee in
South-East Norway and by the Norwegian Social Science
Services. All participants signed an informed consent form. The
study is registered at ClinicalTrial.gov (NCT01236209).

Assessment Measures
The Pain Catastrophizing Scale (PCS [26]) was used as the
primary outcome variable of the study. It is a 13-item
questionnaire with questions on helplessness, magnification,
and rumination. Patients rate items on a scale from 0 (not at all)
to 4 (all the time). The total score range for the PCS is 0-52,
with higher scores reflecting higher degrees of catastrophizing.
In our sample, the internal consistency was high on all
assessments (Cronbach alpha = .89-.94). Catastrophizing is
among the psychological constructs that can play an important
role in the development and maintenance of chronic pain
[27,28]. Catastrophizing has consistently been found to be
associated with distress and disability [28]. The Chronic Pain
Acceptance Questionnaire (CPAQ ) was used. It is scored on a
7-point Likert scale from 0 (never true) to 6 (always true) to
give the total score (0-120). Higher scores reflect higher
acceptance of pain and higher activities engagement. In our
study, the Cronbach alpha coefficients were .81-.92. Emotional
distress was measured with the questions from the 12-item
General Health Questionnaire (GHQ) [29] with modified
response alternatives. Bimodal scoring method was used
(symptom present more than usual = 1, symptom present less
than or as usual = 0). Total score range is 0 to 12; indicating
the number of symptoms present more than usual during the
last 2 weeks. In the current study, the Cronbach alpha
coefficients were .72-.88. The Chronic Pain Values Inventory
(CPVI) is a 12-item measure of importance and success in living
according to one’s own values in six domains (family, intimate
relationships, friendship, work, health, and personal growth)
[30]. Each item is rated on a scale from 0 to 5, with higher
numbers indicating more importance or success. The mean
success rating was used as a measure of values-based action
(score range: 0-5). In the present study, the Cronbach alpha
coefficients for the success scale were .75-.88. The original
(1991) version of fibromyalgia impact questionnaire (FIQ) was
used to measure the impact of fibromyalgia on functioning and
symptom levels the last week. The score range is 0 to 100; a
higher score indicates greater impairment [31]. The Cronbach
alpha coefficients were .78-.87 (two questions related to work
were excluded because of high missing rates). Short-form health
survey (SF-8) was also used to measure functioning. Summary
measure scales for mental health component and physical
component were obtained by using SF-8 Scoring Software 4.5
[32]. The standardized scores have a mean of 50 and a SD of
10. Higher scores indicate better functioning. The Cronbach
alpha for the mental component were .65-.74 and .79-.85 for
the physical component.

The current levels (last couple of days) of pain, fatigue, sleep
disturbance, and depression were assessed on visual analogue
scales (VAS) from 0 (no pain/fatigue/sleep
disturbance/depression) to 100 (worst imaginable). One question
on subjective global improvement was included: “How do you
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feel now compared to before you attended the inpatient
program?”

Treatment Procedures

Smartphone Intervention: Diaries and Daily Situational
Feedback (Intervention Group Only)
The main theoretical framework was based on the cognitive
behavioral fear-avoidance model [27] and CBT, and comprised,
more specifically, elements from the acceptance and
commitment therapy (ACT) [33,34]. ACT has been found to
reduce catastrophizing and disability in chronic pain patients
[35-37]. The aim was to support continued use of the
self-management strategies learned at the rehabilitation center
(eg, exercise and stretching) and to promote improved daily
functioning and values-based living. In the rehabilitation center,
a traditional CBT approach was used, not ACT. Therefore, ACT
elements such as mindfulness exercises were added as new
components. The smartphone intervention had the following
four components.

Face-to-Face Session

The intervention started with an approximately 1-hour individual
session between a nurse and the participant. The session took
place in the last week before discharge. The participants received
information (name and qualifications) about their therapist for
the intervention, which, in some cases was the nurse at the
meeting. The nurse attending the face-to-face session
summarized the meeting and passed this background information
to the relevant therapist. For the duration of the study, the
participant was lent a smartphone and could call a member of
the research group (OBK, HE) for technical support.

Web-Based Diaries

The participant was asked to complete three diary entries per
day using the smartphone. Examples of the smartphone’s screen
display are shown in Figures 2 and 3. The diaries included 16-24
questions about the current level and interference of pain,
feelings, and thoughts related to avoidance, catastrophizing,
and acceptance. They also included questions about planned
and previous use of self-management activities learned at the
rehabilitation center and daily values-based and practical
activities. Lists of self-management activities (eg, mild exercise,
stretching, resting, aerobic exercise, pleasurable activity) were
provided as a reminder. The questions were chosen to support
awareness and reflection of experience relevant to
self-management. Participants answered most questions by
choosing predefined alternatives or using scales. The diaries
included a comment field giving participants the opportunity
to write a short personal message to the therapist.

At the time scheduled for diary completion, a short message
service (SMS) message with a link to a secure website, where
the diary could be opened and questions answered and posted,
was received by the participant. The participants completed the
first diary entry during the face-to-face session and continued
during the last week before discharge with the goal of getting
used to the diaries before discharge (a run-in period). After
discharge, the diaries were completed every day for 4 weeks.

Written Personalized Feedback

For 4 weeks after discharge, excluding weekends, participants
received daily written feedback from a therapist. The feedback
was empathic and personalized according to each participant’s
situation as reported in the diary. It included repetition of content
reported in the diaries, positive reinforcement, reminders of
self-management information given at the rehabilitation center,
ACT exercises, and reflective questions. The aim was to
encourage nonjudgmental awareness of cognitions, feelings,
and emotions and to stimulate mindfulness and willingness to
engage in meaningful activities despite pain or other
discouraging intrusions, eg, to reduce the impact of
catastrophizing on self-management behavior. The instructions
for the exercises were written directly in the feedback or the
participant was referred to exercises available on the smartphone
and/or the website (see below). The feedback was also
personalized according to the summary of personal information
given at the face-to-face session (eg, family situation and
health-related goals) and results on self-reported discrepancy
between values and values-based living assessed with the CPVI
at the end of the rehabilitation program. The feedback was
usually available for the participant within 90 minutes after they
had completed the second diary of the day. If this diary was not
submitted, feedback based on information from the latest
submitted diary was sent. There was no limitation on the length
of the feedback, which ranged from a few sentences to a few
paragraphs.

The feedback was written by any of 3 of the authors (OBK,
TLS, and HE); all with a background in health care sciences
(nursing and/or psychology).

Audio Files With Guided Mindfulness Exercises

A few audio files with short mindfulness exercises guided by
the authors were available on the smartphones.

Informational Website With Self-Help Pain Management
Material (All Participants; Control Group Received Only
This Intervention)
All participants received access to a static website with
information on self-management strategies for people with
chronic pain. The website also included a few written ACT
exercises and audio files with mindfulness exercises (as
described above). See Multimedia Appendix 1 for a screenshot
from the website. No specific instruction about frequency of
use was given.

Statistics
To investigate differences in demographic variables and baseline
characteristics, independent sample t-tests, nonparametric tests,
and Chi-square tests were used. Paired t-tests were used to
compare 11-month follow-up (T5) results to the baseline for
the inpatient program (T1) and the smartphone intervention
(T2). Independent t-tests or nonparametric tests (Mann-Whitney)
were used to compare outcomes between groups at T5. The
Cohen’s d effect sizes (ES) were calculated using the difference
between the groups’ means divided by the mean of the standard
deviation of both groups. If one or two items were missing on
the GHQ, they were scored as present less than usual or as usual
(= 0). If another instrument included one or two missing items,
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the items were replaced with the mean of other items from the
participant’s instrument. If two response alternatives were
marked, the healthier option was chosen. Total score was not
computed if more than two items were missing, and the case
was categorized as missing a total score for the instrument. The
number of participants included in each analysis is provided.
In the intention-to-treat analysis (ITT), the results of complete
case analysis for the primary outcome is reported. In addition,
two methods for replacing missing variables for the primary
outcome at endpoint (T5) were applied: last observation carried
forward (LOCF) and multiple imputations (MI). In the MI
analysis, 50 imputations were made. The following clinically
significant variables were included in the MI regression model:

age, SF-8 physical component, and VAS for pain, sleep, fatigue,
and depression at admission to the rehabilitation center. Six of
the participants who withdrew from the smartphone intervention
contributed questionnaires at the 11-month follow-up (T5). The
ITT analyses included all participants (n=135) except those who
met the exclusion criteria after randomization. In the analyses
of secondary outcomes, only those who completed the
interventions were included (n=112). IBM SPSS Statistics
(versions 19 and 20) was used. A significance level of P=.05
was chosen, and a tendency toward difference was defined as
P<.1. Effect sizes were categorized as small (<.5), medium
(.5-.8), and large (>.8) in accordance with Cohen [38].
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Figure 1. Study flow chart.
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Figure 2. The smartphone's screen showing a diary in Norwegian.

Figure 3. The smartphone's screen showing feedback in Norwegian.
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Results

Participants
265 women who were eligible for the study during the study
period were invited to informational meetings about the project.
Of these, 124 did not attend a meeting or declined to participate,
and 1 did not meet the inclusion criteria. 140 were randomized
to one of the two study arms (Figure 1). 5 subjects met the
exclusion criteria after randomization (they were originally
submitted for vocational rehabilitation and thus included in
another research project), and 8 discontinued participation before
receiving the allocated intervention. In the intervention group,
14 patients did not complete the intervention. Demographic
data and baseline characteristics of the sample by groups are
given in Table 1. All participants had CWP, and the majority
was diagnosed with fibromyalgia. Despite randomization, the
groups differed in mean pain level (P=.02) and physical
functioning measured by SF-8 (P=.03) at admission to the
rehabilitation center.

Primary Outcome: Catastrophizing
Descriptive results for catastrophizing are shown in Table 2 and
follow-up differences in Table 3.

Between-Group Effects
At the 11-month follow-up (T5), there was no difference
between the groups on the measure of catastrophizing (PCS);
neither according to the ITT-analysis (LOCF P=.22 and MI
P=.31) nor the per protocol analysis (complete case analysis,
P=.18 and analysis with MI .23). When all intended-to-treat
were analyzed (LOCF), catastrophizing seemed to improve
more during the follow-up period (T2-T5) in the intervention
group (M=-2.36, SD 8.41) than the control group (M=.40, SD
7.20), P=.045, using t-test of change scores.

Within-Group Effects
There were small positive within-group effects for the
intervention group between T2 and T5 on catastrophizing by
ITT (LOCF) and per protocol analyses, P=.02 and P=.04,
respectively. In the analysis, where missing variables were
imputed, there was a tendency towards a small positive
within-group effect during this period (T2-T5). There were
improvements regarding to catastrophizing in the T1 to T5
period for both the intervention and control groups, P<.001.
Between 5-month follow-up (T4) and 11-month follow-up (T5),
paired samples t-tests did not show changes in the intervention
group (M=.06, SD 5.05, n=31), P=.94 for catastrophizing.
However, in this period (T4-T5), there was a reduction in
catastrophizing in the control group (M=-3.25, SD 7.09, n=34),
P=.01.

Secondary Outcomes: Functioning and Symptom
Levels
Table 4 shows descriptive statistics for the secondary outcomes
at admission to the rehabilitation center, at discharge, and at the
11-month follow-up. In the per protocol analysis, no significant
group differences were detected at discharge from the
rehabilitation center on any of the outcome variables (all Ps>.05;
GHQ, and depression (VAS), P=.08, see Table 4).

Between-Group Effects
No between-group differences were found at the 11-month
follow-up; P-values ranged from .13 (SF-8, physical) and .17
(CPAQ) to .98 (sleep disturbance).

Within-Group Effects
Table 5 shows within-group changes for the secondary
outcomes. When comparing the smartphone intervention’s
baseline data (T2) to the 11-month follow-up (T5), there was a
moderate positive effect on acceptance (CPAQ) in the
intervention group, but not in the control group. There was a
small negative effect on functioning and symptom levels
measured by the FIQ in the control group, but not in the
intervention group. For the physical component of SF-8, there
was a small negative effect for the intervention group (P=.046),
but not the control group. For GHQ, there was a large negative
effect for emotional distress but only in the control group. No
significant changes were detected for the mental component of
SF-8. There was a tendency towards improvement in
values-based living in the intervention group but not in the
control group. There was a moderate negative effect on fatigue
(VAS), and a tendency towards a small negative effect on sleep
(VAS) and pain (VAS) in the control group. No changes were
detected on these symptoms in the intervention group.

When comparing baseline data for the inpatient program (T1)
to the follow-up data (T5), improvement in acceptance, mental
health measured by SF8, and values-based living was found in
both groups (see Table 5). Reduction in disease impact
(measured by FIQ) was found for the intervention group only
(Cohen’s d=.42, P=.03). There was a significant reduction in
pain level in the intervention group between T1 and T5, mostly
due to changes during the inpatient program (see Table 4). There
was a trend towards improvement on fatigue and depression
(VAS scales) in the intervention group only, between T1 and
T5. When both groups were analyzed together, with all
intended-to-treat included (complete case analysis), there was
a reduction in pain level (M=5.68, SD 24.66, n=89) between
admission to the inpatient program (T1) and the long-term
follow-up (T5), P=.03.

When the 5-month follow-up results (T4) were compared to the
11-month follow-up (T5), no changes were found for
acceptance, pain level, functioning, and symptom level
(measured by FIQ), sleep disturbance, fatigue, and mental health
(all P values > 0.10). During this period (T4-T5), the control
group showed improvement in values-based living (M=.25, SD
.70, n=33, P=.046), whereas the intervention group did not. The
control group also showed improvement in depression (measured
by a VAS, M=8.29, SD 20.13, n=35, P=.02), whereas no
significant change was found in the intervention group during
this (T4-T5) period. Reduction in physical functioning
(measured by SF8) was found in the intervention group
(M=3.45, SD 7.76, n=31, P=.02) and a trend towards
improvement in the control group (M=2.30, SD 7.10, n=34,
P=.07).

Of the completers, 47.4% (n=18) in the intervention group and
40.0% (n=18) in the control group reported feeling better now
than before the inpatient program. 13.1% (n=5) in the
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intervention group and 11.1% (n=5) in the control group
reported feeling worse now compared to before the inpatient
program. No change was reported by 39.5% (n=15) in the
intervention group and by 48.9% (n=22) in the control group.

Withdrawal From Participation
Of the 135 participants (of 140 randomized) that met the
inclusion criteria, 112 completed the study period (Figure 1).
21 withdrew from the intervention group (30.4%) and 2
withdrew from the control group (3.0%). There was a trend
toward the completers being younger (M=43.33, SD 11.18) than
the ones who withdrew (M=48.43, SD 10.06), P=.07.
Additionally, there was a trend towards a higher level of
depression (measured by a single VAS) in the group who
withdrew (M=43.62, SD 28.57) compared to the completers
(M=31.81, 28.92), at admission to the inpatient program, P=.06.

Response Rates to 11-month Questionnaires in
Intervention Group and Control Group
The response rate for all included participants (n=135) was
66.7% at 11-month follow-up (T5) (n=45 in the intervention

group and n=45 in the control group). When only completers
(n=112) were included, the response rate at T5 was 81.3%
(n=39) in the intervention group and 70.3% (n=45) in the control
group. Among the completers, those who returned the
questionnaire at T5 had better physical functioning (M=34.60,
SD 7.53), at admission to the inpatient program measured by
SF8, compared to those who did not return them (M=31.19, SD
6.93), P=.01. Those who returned the questionnaires at T5
reported also less disease impact (M=56.45, SD 16.82) on FIQ
at admission to the inpatient program compared to those who
did not return them (M=64.22, SD 14.59), P=.03. Those who
returned the T5 assessments reported more success in living
according to values (M=2.13, SD .81) than those who did not
return them (M=1.74, SD .85), P=.04. There was also a tendency
towards more severe depression (measured by a VAS scale) at
both admission and discharge among those who did not return
questionnaires at T5 compared to those who returned them,
P=.08-.09.
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Table 1. Characteristics at admission to the inpatient rehabilitation center.

Control (n=66)a
Smartphone intervention

(n=69)a Characteristic

43.80 (11.20), 6544.59 (11.13), 69 Age, mean (SD), n

Marital status

68.2% (n=45)60.9% (n=42)Married or cohabiting

9.1% (n=6)13.0% (n=9)Divorced 

15.2% (n=10)18.8% (n=13)Single 

3.0% (n=2)5.8% (n=4)Widow 

4.5% (n=3)1.4% (n=1)Unknown 

Years of education

12.1% (n=8)18.8% (n=13)≤ 10 years (elementary)

45.5% (n=30)27.5% (n=19)11-13 years (high school) 

34.8% (n=23)43.5% (n=30)>13 years (College/University) 

7.6% (n=5)10.1% (n=7)Unknown 

Employment status

12.1% (n=8)21.7% (n=15)Working/studying

1.5% (n=1)4.3% (n=3)Unemployed 

51.5% (n=34)39.1% (n=27)On sick leave 

19.7% (n=13)17.4% (n=12)On disability pension 

7.6% (n=5)11.6% (n=8)Part time working/studying and part time sick
leave

 

6.1% (n=4)5.8% (n=4)Other combination of the above 

1.5% (n=1)0%Unknown 

84.4% (n=54)80.9% (n=55) Diagnosed with fibromyalgia (valid %)

15.47 (12.09)13.11 (8.78) Duration of symptoms (years), mean (SD), n

20.80 (9.45), 6221.24 (10.33), 63 PCSb, mean (SD), n

53.87 (13.81), 5756.48 (15.02), 58 CPAQb, mean (SD), n

58.58 (16.04), 6658.75 (16.39), 69 FIQb, mean (SD), n

34.75 (7.35), 6231.91 (7.57), 65 SF-8, physicalb; mean (SD), n

39.34 (9.61), 6239.33 (10.49), 65 SF-8, mentalb, mean (SD), n

3.02 (3.38), 613.32 (3.38), 62 GHQ-12b, mean (SD), n

2.01 (0.73), 612.07 (0.95), 64 CPVIb, mean (SD), n

VAS b recordings of current level of (last couple of days):

57.85 (21.60), 6667.08 (17.47), 69Pain, mean (SD), n

64.72 (21.02), 6667.40 (23.73), 69Fatigue, mean (SD), n 

55.16 (23.38), 6657.24 (26.22), 68Sleep disturbance, mean (SD), n 

32.93 (29.26), 6534.73 (29.15), 68Depression, mean (SD), n

a Patients meeting exclusion criteria after randomization were not included in this analysis.
b VAS, visual analogue scale (0-100c); PCS, Pain Catastrophizing Scale (score range 0-52c); CPAQ, Chronic Pain Acceptance Questionnaire (score

range 0c-120); FIQ, Fibromyalgia Impact Questionnaire (0-100c); SF-8 (0c-100), Short Form; GHQ-12, questions from the General Health Questionnaire

(score range 0-12c); CPVI, Chronic Pain Values Inventory (success score, range 0c-6).
c Values that indicate maximum symptom scores/least health.
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Table 2. Means and standard deviations for the primary outcome at admission to the inpatient rehabilitation (T1), at discharge (T2), and 11 months
(T5) after the intervention period.

T5a

Mean (SD), n

T2a, b

Mean (SD), n

T1a

Mean (SD), nGroup

Primary outcome measure,

Pain Catastrophizing Scale

ITT (complete case analysis)

11.50 (8.68), 4415.12 (9.61), 6321.24 (10.33), 63Intervention

14.73 (9.95), 4315.41 (9.62), 5920.80 (9.45), 62Control

ITT(LOCF)

13.72 (10.02), 6916.06 (10.37), 6821.24 (10.33), 63Intervention

15.57 (10.40), 6615.33 (9.31), 6520.80 (9.45), 62Control

ITT (MI)

12.80, 69Intervention

14.74, 66Control

Per protocol (complete case
analysis)

11.92 (8.97), 3914.61 (8.93), 4520.56 (10.08), 43Intervention

14.73 (9.95), 4315.46 (9.76), 5720.78 (9.59), 60Control

Per protocol (MI)

12.25, 48Intervention

14.66, 64Control

% (valid) with PCS score >24

12.8%, 515.6%, 730.2%, 13Intervention

18.6%, 817.5%, 1033.3%, 20Control

a T1, at admission to the inpatient program; T2, at discharge from the inpatient program; T5, 11-month follow-up
b No differences between groups at T2 (all P values >.05).
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Table 3. Within-group differences and effect sizes (ES) for the primary outcome.

P-valueb
ES for
T1-T5

95% CI

T1-T5

Mean

difference

T1-T5a (n)P-valueb
ES for
T2-T5

95% CI

T2-T5

Mean

difference

T2-T5a (n)Primary outcome, PCS

ITT (complete
case analysis)

< .001.80-9.91, -4.81-7.36 (7.87), 39.06.29-5.32, .11-2.60 (8.72), 42Intervention

< .001.56-7.60, -2.99-5.30 (7.30), 41.86.02-2.55, 2.13-.21 (7.32), 40Control

ITT (LOCF)

< .001.76-9.64, -5.50-7.57 (8.23), 63.02.23-4.39, -.32-2.36 (8.41), 68Intervention

< .001.47-6.54, -2.76-4.65 (7.43), 62.66-.04-1.39, 2.18.40 (7.20), 65Control

ITT (MI)

< .001-10.86, -5.57-8.22, 63.06-5.33, .10-2.61, 63Intervention

< .001-8.12, -3.46-5.79, 62.91-2.75, 2.46-.15, 59Control

Per protocol
(complete case
analysis)

< .001.77-10.03, -4.44-7.23 (8.01), 34.040.33-5.95, -.12-3.04 (8.74), 37Intervention

< .001.56-7.60, -2.99-5.30 (7.30), 41.860.02-2.55, 2.13-.21 (7.32), 40Control

Per protocol
(MI)

< .001-10.72, -5.14-7.93, 43.09-5.29, .38-2.45, 45Intervention

< .001-8.15, -3.54-5.85,60.84-2.84, 2.30-.27, 57Control

a T1, at admission to the inpatient program; T2, at discharge from the inpatient program; T5, 11-month follow-up.
bP values for paired samples t-tests.
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Table 4. Means and standard deviations for the secondary outcomes at admission to the inpatient rehabilitation (T1), at discharge (T2), and 11 months
(T5) after the intervention period, for the completers.

T5a

Mean (SD), n

T2a,b

Mean (SD), n

T1a

Mean (SD), n

GroupSecondary outcome mea-
sures

CPAQ

71.62 (14.11), 3962.00 (13.62), 4456.45 (15.22), 40Intervention

67.05 (15.18), 4262.21 (10.15), 5753.94 (13.92), 56Control

FIQ

49.24 (21.34), 3846.38 (16.92), 4758.46 (17.26), 48Intervention

53.75 (17.73), 4549.10 (17.32), 6258.35 (16.18), 64Control

SF-8, physical

34.38 (9.88), 3936.68 (8.42), 4032.12 (7.74), 45Intervention

37.35 (7.65), 4435.86 (8.24), 4934.98 (7.13), 60Control

SF-8, mental

45.50 (10.70), 3945.70 (8.06), 4039.50 (10.67), 45Intervention

43.87 (9.09), 4344.83 (9.69), 4939.09 (9.61), 60Control

GHQ-12

1.95 (2.64), 381.20 (2.02), 453.19 (3.21), 43Intervention

2.20 (2.82), 440.63 (1.01), 572.97 (3.43), 59Control

CPVI

2.78 (1.00), 392.47 (0.91), 462.05 (0.95), 44Intervention

2.50 (0.77), 432.52 (0.68), 542.02 (0.74), 59Control

Pain, VAS

56.28 (28.24), 3853.07 (22.20), 4766.59 (17.58), 48Intervention

55.85 (22.73), 4552.99 (21.27), 6157.32 (21.56), 64Control

Fatigue, VAS

60.79 (28.56), 3851.38 (27.75), 4769.29 (23.98), 48Intervention

61.63 (23.63), 4550.10 (24.28), 6164.08 (21.01), 64Control

Sleep disturbance, VAS

51.68 (30.45), 3843.97 (25.77), 4754.77 (26.99), 47Intervention

53.08 (25.95), 4548.12 (24.57), 6254.59 (23.31), 64Control

Depression, VAS

22.82 (25.89), 3819.84 (24.08), 4730.68 (28.71), 47Intervention

28.93 (27.71),4527.36 (28.51), 6132.65 (29.29), 63Control

a T1, at admission to the inpatient program; T2, at discharge from the inpatient program; T5, 11-month follow-up.
b No differences between groups at T2 (all P values >.05; GHQ and depression (VAS), P=.08).
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Table 5. Mean differences for the secondary outcomes within-groups, confidence intervals (CI) and effect sizes (ES) for the completers.

P-valueb
ESa for
T1-T5

95% CI T1-

T5a

Mean

difference

T1-T5 (n)aP-valueb
ES for

T2-T5a
95% CI T2-

T5a

Mean

difference

T2-T5 (n)a
Secondary out-
come measures

      CPAQ

< .001.959.70, 18.5414.12 (12.46), 33<.001.736.91, 13.4910.20 (9.57), 35Intervention

.001.623.85, 13.058.45 (14.00), 38.22.17-1.34, 5.642.15 (10.77), 39Control

FIQ

.03.42-15.36, -.93-8.15 (21.95), 38.69-.08-5.65, 8.451.40 (21.15), 37Intervention

.35.13-7.15, 2.60-2.27 (16.23), 45.01-.401.81, 12.297.05 (17.24), 44Control

SF-8, physical

.46.12-1.93, 4.151.11 (8.99), 36.046-.36-6.33, -.06-3.20 (8.84), 33Intervention

.36.14-1.17, 3.191.01 (6.99), 42.71.06-2.32, 3.39.54 (8.18), 34Control

SF-8, mental

.002.582.49, 10.426.45 (11.71), 36.82.04-3.19, 3.97.39 (10.09), 33Intervention

.006.36.93, 5.283.10 (6.99), 42.43-.17-5.70, 2.48-1.61 (11.53), 33Control

GHQ-12

.12.36-2.54, .30-1.12 (4.07), 34.19-.28-.36, 1.74.69 (3.06), 35Intervention

.26.20-1.68, .46-.61, 3.39, 41.001-.85.74, 2.611.68 (2.94), 40Control

CPVI

< .001.59.32, .81.56 (.72), 35.06.30-.01, .59.29 (.90), 37Intervention

< .001.54.21, .59.40 (.61), 41.46-.16-.41, .19-.11 (.88), 36Control

Pain, VAS

.02.43-18.25, -1.46-9.86 (25.54), 38.79-.06-9.44, 12.291.43 (32.58), 37Intervention

.61.08-8.92, 5.28-1.82 (23.65), 45.09-.25-.85, 11.915.53 (20.73), 43Control

Fatigue, VAS

.09.36-19.43, 1.56-8.94 (31.93), 38.12-.32-2.48, 19.908.71 (33.56), 37Intervention

.78.04-7.73, 5.87-.93 (22.65), 45<.001-.617.42, 22.4914.96 (24.50), 43Control

Sleep distur-
bance, VAS

.68.08-13.45, 8.86-2.29 (33.46), 37.32-.20-5.54, 16.645.55 (33.26), 37Intervention

.92-.02-8.59, 9.50.45 (30.11), 45.08-.28-.81, 15.667.43 (27.09), 44Control

Depression,
VAS

.08.29-17.40,1.13-8.13 (27.78), 37.82-.05-8.46, 10.681.11 (28.71), 37Intervention

.78-.04-5.96, 7.94.99 (23.13), 45.09-.26-1.18, 15.717.27 (27.43), 43Control

aT1, at admission to the inpatient program; T2, at discharge from the inpatient program; T5, 11-month follow-up.
bP values for paired samples t-tests.

Discussion

The results of the study are ambiguous. On one hand, there were
no significant differences in mean values on any variables
between the groups at 11-month follow-up. Thus, the favorable
effects previously reported on catastrophizing, acceptance,
functioning, and symptom levels at 5-month follow-up were
not evident at long-term follow-up. However, there was

significantly more improvement in catastrophizing scores during
the follow-up period in the intervention group compared to the
control group. Moreover, the within-group analyses, comparing
the baseline for the smartphone intervention to the 11-month
data, revealed changes in the desired direction in catastrophizing
and acceptance in the intervention group but not within the
control group. Also, increase in disease impact, emotional
distress, and fatigue were seen in the control group but not
within the intervention group. Additionally, effects on most
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variables were maintained in the intervention group from the
5-month follow-up to the 11-month follow-up. Unexpectedly,
between the two follow-ups, the control group reported some
improvement in several variables (catastrophizing, values-based
living, and depression) whereas the intervention group did not.
We have no data to support an explanation for this improvement.
One could speculate that it takes time for changes in thoughts,
behavior, and priorities promoted by the multidimensional
inpatient rehabilitation program to settle and cause positive
effects. The controls did not get the smartphone intervention
that could promote these changes early after discharge, and thus
the changes may have been achieved at an earlier stage in the
intervention group. We do not have exact login information for
visits to the website. As mentioned in our previous paper, most
participants in the control group (26 of the 38 who reported this
information) visited it rarely (2 times or less). The impression
of the administrator of the website (HE) was that it was seldom
accessed. Based on the limited use of the website, it is not
assumed to have caused any changes seen in the control group.
The spontaneous improvement in the control group, large
variations within variables, relatively few participants, and small
effect sizes may explain the lack of significant differences
between the groups. It is important to acknowledge that the
effects of the inpatient program were sustained at the long-term
follow-up in the control group for many of the outcome
variables, ie, catastrophizing, acceptance, mental health, and
values-based living. Improvement in those variables indicates
that the participants cope better with their situation.

Some of the limitations regarding the generalizability of the
study have been discussed in the previous report, eg, the
difference in the completers groups versus those withdrawing
[20]. Again, at this follow-up we have the limitations of a
response rate below 70%. Those not returning the follow-up
questionnaires reported generally more symptoms at admission
to the inpatient program than those who returned them, thus
having the possibility to influence the results. Multiple
imputations have been recommended to improve the validity
of results in trials with incomplete datasets [39]. In the ITT
analysis, the level of catastrophizing in the control group at
endpoint (T5) was almost the same for the complete case
analysis (mean 14.73, n=43) and the MI analysis (mean 14.74,
n=66). In the intervention group, the catastrophizing level was
somewhat higher with MI (mean 12.80, n=69) compared to the
complete case analysis (mean 11.50, n=44). This might partly
be explained by higher baseline scores on two variables (pain
and SF-8 physical component), which were included in the MI
regression model. Importantly, in the per protocol analysis, the
difference between the mean levels of catastrophizing with MI
or without (complete case analysis) was small. This provides
some support for the validity of our results of secondary
outcomes, where results of complete case analysis is reported.
However, in the within-group analysis, the difference between
the intervention baseline (T2) and 11-month follow-up (T5) in
the intervention group was significant applying complete case
analysis (P=.04) but only borderline significant in the analysis
with MI (P=.09), thus indicating that the results for complete
case analysis should be interpreted with some caution.

The withdrawal rate of 30% indicates that this type of secondary
intervention may not be found feasible by all. The withdrawal
rate is similar to those reported in many iCBT, where an average
dropout rate of 27% has been reported [40]. The patients who
withdrew tended to score higher on depression and were older
than the completers, which could have influenced their interest
and capacity to participate. We do not have information on the
reasons for withdrawal for all participants. However, many of
those who withdrew before or during the run-in period reported
that the combination of the smartphone intervention and
participation in the inpatient program was stressful or expected
to be stressful. Therefore, closer collaboration with the
rehabilitation center and flexibility in start-up date of the
smartphone intervention might contribute to reduction in
withdrawal rates. At the 11-month follow-up, the subjective
global improvement measure could have been improved by
including a question to assess the participants’ evaluation of
the smartphone intervention.

Medications, education, CBT, and physical exercises are among
the recommended treatment options for individuals with CWP
and fibromyalgia [7,9]. The short-term effects are well
established, but concerns about the long-term effects have been
raised. In a recent longitudinal study including 1555 patients
with fibromyalgia receiving standard care, with a mean
follow-up period of 4 years, no clinically meaningful
improvement in overall symptom severity was found for the
sample. Only about one fourth of the sample showed meaningful
improvement, including 10% with substantial improvement in
symptom severity [41]. The goals of most nonpharmacological
treatment are to provide knowledge and teach self-management
skills aiming to reduce symptoms or support constructive coping.
Adherence to recommended self-management strategies after
treatment seems important for long-term effect. The research
literature on Internet-delivered interventions to support
self-management in individuals with chronic pain is rapidly
evolving, with studies on therapist-guided and unguided
intervention, as well as on applications for smartphones
[16,42,43]. The present smartphone intervention was primarily
meant to support use of constructive coping skills and
implementation of recommended lifestyle changes the first
weeks after discharge from inpatient rehabilitation, in order to
prevent the fading of positive effects from the given
rehabilitation. The smartphone intervention introduced elements
from ACT, including mindfulness, which had not been presented
in the inpatient program. We do not know if this influenced the
results. Nevertheless, we acknowledge that the smartphone
intervention could have been more strongly integrated in the
rehabilitation program, eg, including the same health care
professionals. The feasibility and long-term efficacy of the
intervention might possibly be improved by providing the diaries
on the individuals’own smartphones and by providing feedback
on a more long-term basis. An 8-week, guided iCBT intervention
following multidisciplinary treatment was found to reduce
catastrophizing in a randomized trial with 72 persons with
residual symptoms post treatment [19]. The intervention lasted
twice as long as our intervention but included less therapist
contact. The effects on catastrophizing were remained at
6-month follow-up, but more long-term effects are not reported
[19]. A smartphone application based on ACT to support
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values-based living was found feasible in an exploratory study
including 11 healthy volunteers [43]. Ways to tailor the diary
content and provide tailored feedback should be investigated.
Booster periods with therapist-feedback might be beneficial or
a longer period with less frequent therapist contact, eg, once a
week/month.

To conclude, the results of this randomized trial are ambiguous.
No significant between-group effect was found on the study
variables at 11-month follow-up. However, more improvement
in catastrophizing scores was seen in the intervention group
than the control group in the period between discharge from the

inpatient program and the follow-up. Moreover, the within-group
analyses, comparing the baseline for the smartphone intervention
to the 11-month data indicated changes in the desired direction
in catastrophizing and acceptance in the intervention group but
not within the control group. Also, increases in disease impact,
emotional distress, and fatigue were seen in the control group
but not within the intervention group. This kind of smartphone
intervention may therefore be suited for providing
self-management support following inpatient pain management
program. Research on strategies to provide feasible
self-management support on a long-term basis for individuals
with CWP and ways to enhance cost-effectiveness is needed.
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