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Abstract

Electronic health records are being adopted at arapid rate due to increased funding from the US federal government. Health data
provide the opportunity to identify possible improvementsin health care delivery by applying data mining and statistical methods
to the data and will also enable awide 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 safeguardsto 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 isa
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 datain a HIPAA-compliant environment.

(J Med Internet Res 2013;15(3):e63) doi:10.2196/jmir.2076
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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 materia that may be
hel pful for readersto acquireindepth knowledge of the concepts,
but we attempt to explain the necessary knowledge to understand
the paper.

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)

Background
The growing adoption of electronic health records provides a

regulationsin the United Statesin aresearch 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, virtua local

http://www.jmir.org/2013/3/e63/

rich source for data mining in order to identify patterns and
trendsin health care data. Many communities acrossthe United
States have or are forming health information exchanges (HIE).
Health information exchanges serve as acommon hub for data
exchange. These organizations enable health care organi zations
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 aso provide data to
researchers. We expect that this trend will grow since
universities (and other research organizations) can reach alegal
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 rel evant 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
entireinformation technology infrastructure to support protected
health information.

However, in genera research environments or enterprise
environments, the information technol ogy systemsare designed
to support several stakeholder groups and their reconfiguration
is not undertaken lightly (in our experience). A research
university often has at | east two types of network security zones
for workstations and other computing clients: azoneto support
financial systems, student information systems, and genera
business functions and a zone to support research systems that
is generaly 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, asit 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 datamining of health information should be aprivate server
that is accessible to only a few authorized individuas, 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'sVirtual Private Cloud (VPC)
service offering allowsresearchersto rapidly provision networks
and servers. The features of the Amazon VPC cloud service
allow network architects to build sophisticated networks, just
asthey would inaphysical environment. Ultimately, universities
and other organizations are likely to set up private clouds that
allow researchersto rapidly provision networks and serversthat
suit avariety 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 amatter of information security best practices. In this paper,
we present our experience in setting up Amazon's “Virtua
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 apilot
run with a health exchange that provided us anonymized and
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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 rea-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 ingtitutions, 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 theinfrastructure allowsfor 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]. Thetransaction and code set standards
discussthe content and format for various types of transactions
including claim filings, claim status, payment advice, and other
types of electronic data transactionsthat occur between specific
types of health providers, health plans, and data clearinghouses.
Therulesthat 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 dataaccording to the standardsfor 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
dataexchange formats since the authors are not devel oping data
exchange software or proposing dternative 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 Rulelargely
focuses on organi zational and legal issues, such asrequirements
for disclosure accounting, permissible PHI disclosures, and
other issues surrounding the privacy and disclosure of PHI. In
aresearch environment, this paper assumesthat 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. Additionaly, the
organization is required to maintain policiesthat 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 thisfrom a HIPAA
compliance standpoint, there are several sectionsin the Security
Rule that we address, including “Risk Anaysis 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 O; wantsto obtain
PHI from organization O, for a research project and wants to
collaborate on the project with collaborator C; and collaborator
C, a organization O, and O, 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 C; and C,. Personnel at O, could

create accounts for O, and O, but all remote users (through a
virtual private network V,) at O; have network access to al
systems at O; on the default network N;. The ideal solution
would be to create a new network N, and a new remote user
group, V, and dlow only usersin V,, a separate VPN (virtual
private network) group, to accessN,. While these changeswould

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 N, at Amazon and an

accompanying VPN V, for the 3 users—the researcher, C,, and
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C,. Thissetup 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 carerecords (EHR),
albeit deidentified. Each group is alowed access to some
element of EHR and not to all, and no group is allowed access
totheentire EHR. To ensure that groups do not attempt to access
other groups' data and code and to ensure that “the principle of
least privilege” isimplemented, five separate networks, named
N, through N5 will be created, and five separate VPNs will be
created, named V, through V5. Network N4 will be accessible
only viaVPN V4, and network N, will be accessible only via
VPN V,, and so on, since users assigned to network N, do not
need to access N;. At the conclusion of the competition, the
networksand VPNswill bedeleted. Purchasing aphysical server
for one semester is an expensive proposition (assuming that
fivevirtual machinesare utilized so that only one physica 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 areleased for the exact timethat
they are needed, while the onsite solution requires the upfront
purchase of a physical server.

Why Use the Cloud?

Whileit is possibleto build similar architecturesin private data
centers, the lead time required to support “research” activity in
an enterprise data center can be significant, sincethe 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 alower security setting (since they are optimized
for maximum performance and rapid troubleshooting) and do
not support the physical security standards necessary for HIPAA
since variousindividuals may be permitted to access data centers
and servers. Research computing data center spaceistypically
optimized for rapid troubleshooting and high performance, with
many physically unlocked racks accessible by various
individuals. Strong physical security standards would likely
dictatethat sensitive systemsare placed in locked racks, separate
from the main data center space, so that physical accessto 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
centerscould, and probably will, provide amiddleware software
solution that will eventually enable researchers to create their
own customized networks and virtual servers (aprivate cloud).
However, thistype of solution isnot currently available at many
ingtitutions. After private clouds are available at research
ingtitutions, 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 aresearch computing center does not have a private cloud,
researchers are forced to acquire physical servers, assuming
that appropriate physical security can be arranged. However,
thetimerequired to obtain physical serversand coordinatetheir
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 afew 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 (iefinancia databases)
and other types of back office servers are often segmented from
web servers and public facing systems. Access control listsin
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
possiblethat robust administrative systems, commonly referred
to as middleware, will be developed that parallel the
functionality of the most sophisticated cloud providers. When
sophisticated middlewareis available and research organizations
adopt it, “private clouds’ will be availablefor researcherswithin
their own institutions or regional consortiums, assuming that it
is cost effective.

Sophiticated cloud computing middlewareislargely proprietary
although open source platforms, such as OpenStack, do exist.
However, since many organizations are aready utilizing
enterprise virtualization platforms, such as VMware, the task
of enabling private cloudsfor research ismore complicated than
it might appear. Several questionsthat 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?

- Doesthe 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 Il or SO 270017

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
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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 assistanceto aid the design to ensure that it meets
organizational policies. Advantageoudly, the systemsare placed
in an appropriate environment that is separate from the
organization’s enterprise 1T 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 (laaS) 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 isimpossible to achieve HIPAA compliance with
platform asaservice providers. We merely note that maintaining
full control of an operating system and network allows the
system administrators to set up serversin an environment that
closely mirrors their internal network and data centers. For
example, if a health organization typicaly 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 laaS 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 guidancetypically 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 laaS and organizations
owned private data centers, we chose to use Amazon's EC2
“Virtua Private Cloud” (VPC) asour platform. Amazon'sVPC
has several important features that are noteworthy from a
security perspective:

«  Private subnetsin Amazon’s environment with nonroutable
Internet protocol (1P) addresses
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« Option to assign public IP addresses to servers

- Ability to createavirtual private network (\VPN) connection
to Amazon to incorporate serversinto 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). Obvioudly, 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 datafrom aHIE islikely to befar simpler than designing
and supporting an environment for a 1000-user CPOE. For
example, 20 minutes of unscheduled downtime can likely be
considered an acceptablerisk for aresearch 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 thelikelihood and impact of potential risk to e-PHI
needs to be performed. For instance, outside parties may only
obtain acopy of e-PHI datafrom the HIE, and the original e-PHI
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is not at risk for modification. Second, risk remediation
safeguards need to be implemented. Third, arisk 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 Amazonisutilized 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 officia 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 thetask. 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 accessto e-PHI, train
al members with access to ePHI (according to the
organization’s policies and procedures), and apply appropriate
sanctions against members who violate the policies. HIPAA
mandates that organi zations periodically assessthe effectiveness
of their policies and procedures.

Physical Safeguards

Physical safeguardsare composed of two broad items—" Facility
Access and Control” and “Workstation and Device Security”.
“Facility Accessand Control” refersto “limiting physical access
toitsfacilitieswhile ensuring that authorized accessisallowed.”

Infrastructure as a service offerings provide acceptable “ Facility
Accessand 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 Il audit, obtained 1SO
27001 certification, and PCI level DSS validation as alevel 1
service provider.

Our prototype’s environment is Amazon's VPC, aconfigurable
infrastructure as a service offering of Amazon’s EC2 service.
The VPC enables customersto set up aprivate 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 isalso an important component
of the security plan, and itsimportance 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 keypairsare 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 attacksthat 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 beimpossiblefor the authors
to comment on the readers’ environments because various
organizations maintain different volumes of data, are subject
to numeroustypesof laws (local, state, and obviously thefederal
HIPAA laws which mandate a minimum federal standard) and
contracts, and experience their own threats. However, these
exampl es 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 authenticationisvital
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 positionsthat have administrative control over systemswith
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 serversis 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
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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 Stepsfor 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. Thisisimplemented 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. Theanalytic 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, assumethat avulnerability in an application
level protocol isidentified (such as SSH), and the password can
be guessed based on the pattern of VPN traffic (which isitself
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 credential s unlessthey
could accessthe 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.?

Item # Direction Source or Destination Address Port/Protocol Purpose

1 IN Data Handling Room 22/TCP SSH traffic for management

2 IN Data Handling Room 8000/TCP Splunk SSL connection for management of
monitoring software

3 IN 10.0.1.0/24 10514/TCP Syslog traffic from servers

4 ouT 0.0.0.0/0 (any network) 80/TCP Retrieve operating system patches

5 ouT 10.0.0.2/32 53/UDP DNS lookup

6 ouT 10.0.0.1/32 67/UDP DHCP server in Amazon Virtual Private Cloud

7 ouT 0.0.0.0/0 123/UDP NTP servers for time synchronization

#The Security Group is composed of two rule sets, inbound and outbound. The order of the rulesisnot 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 addressfield 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.?

Item # Direction Source or Destination Address Port/Protocol Purpose

1 IN 129.74.0.0/16 22/TCP SSH traffic for users at our campus

2 IN 129.74.0.0/16 443/TCP SSL access for Apache web server to support web appli-
cations

3 ouT HIE_IP/32 443/TCP SSL access to retrieve data from HIE

4 ouT 10.0.0.10/32 10514/TCP Syslog traffic to audit server

5 ouT 10.0.0.2/32 53/UDP DNS lookup

6 ouT 10.0.0.1/32 67/UDP DHCP server in Amazon Virtual Private Cloud

7 ouT 0.0.0.0/0 123/UDP NTP servers for time synchronization

#The Security Group is composed of two rule sets, inbound and outbound. The order of the rulesisnot 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 addressfield 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” rulein 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 APl Access Keys, and X.509
certificates. Since obtaining access to the APl 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

http://www.jmir.org/2013/3/e63/

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
serversor at aminimum compromisetheir integrity by adjusting
firewall rules, terminating the audit server, or perform other
catastrophic acts. It is worth noting that it is possible to
configure accessliststo restrict APl accessto specific | P address
ranges and times of day, complicating an attack using stolen
API keysor X.509 certificates. The |P addressrestrictions could
be used in combination with multifactor authentication to limit
accessfor privileged accounts. However, this complicatesfailure
modeling. For example, if a server is compromised and the
cloud manager is on vacation and the company VPN is
experiencing afailure, then the cloud manager would be unable
tologin to Amazon and power down aserver 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.
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Next Stepsfor 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
individual sthat require accessto the Amazon EC2 management
console and the serversthemselves. It islikely 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 alimited number of users require
access to the management console for VPC management.
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Audit controls are processes and systemsthat collect accessand
activity information from systems that contain e-PHI. Our
prototype implemented acentral 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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Item # Source Event Notes
1 SSH login iptables host based firewall SSH connection containing  Trafficislogged before being accept-
the source | P address ed, ideally capturing any login at-
tempts that cause the SSH daemon
to fail.
2 SSH login SSH daemon SSH login, including type of  Provides more detail than 1, but oc-
authentication, and username  curs after the TCP connectionisal-
lowed.
3 Standard Redhat Linux System  Various Applicationsand System
Events Services
4 HTTPS request to HIE I ptables host-based firewall Establish baseline volume of re-

quests and monitor for abnormal
behavior

Next Stepsfor 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 aert 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 lineinstaller), Apache, PHP, and MySQL,
leaving these servicesturned off in chkconfig. The server image
issimply 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 thisimage
(without acommon 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 Stepsfor Software Configuration

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

Discussion

This paper presents a tutorial on how to duplicate our
environment in Amazon’sEC2 “Virtua 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 avariety of security requirements. Information
security references[17] have discussed HIPAA compliance for
some time, and their methodol ogies 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
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of tradeoffs between performance, security, scalability, cost,
and potentially other metrics of interest to Amazon. Thistradeoff
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 madeto the VPC servicereated
to theinteraction of “ Security Groups’ and the servicesthat 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. ldeally, there
would be a small set of servers, with Amazon |P addresses,
provided in alist, so that system administrators could easily
implement outgoing traffic filtering in security groupsand alow
the update server traffic. Currently, since several mirrors are
used, the process of identifying the IP addresses that could
potentially be used for updatesis haphazard and requires manual
trial and error on the part of the system administrator, or
aternatively the exemption of al 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® inthe VPC is excellent,
since it alows 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, isthe 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 professional s 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 asign of apending
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 eventsin any legal action against internal users.

HIPAA does not mandate specific audit checklistsfor 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 administratorsif additional guidance was

JMed Internet Res 2013 | vol. 15 | iss. 3|63 | p.11
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

provided regarding minimum standards. For example, what type
of datashould be audited to satisfy the requirement to “ examine
access and other activity in information systemsthat 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 Wafain alaw review article
[18].

There are several broad security considerations that should be
mentioned when discussing a migration to cloud computing.
First, cloud computing providerstypically utilize virtualization
to provide isolation [19]. If the underlying physical server is
used to host computing resources for multiple customers, severa
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 aso important to note that side-channel
vulnerabilities that exist because of the virtualization software
(typicaly 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 asthetarget)
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 connectionsif they decideto leverage cloud computing
asamission 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
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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 aVV PN 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. Firgt, istheir computing infrastructure safer
at a cloud provider or in their own data center? Second, what
isthe 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 issuesisjust starting and will
continue.

In our experience, cloud computing hasthe 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 beimplemented inaHIPAA compliant manner (for research
purposes) and that the discussion in this paper will provide a
list of suggested improvements and considerations should
readerswish to explore the implementation of amission critical
HIPAA workload in the cloud.
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Multimedia Appendix 2

Instructions for setting up Mirth Connect for an SSL connection to aHIE.
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Multimedia Appendix 3
Amazon Network Access Control List for incoming traffic to data network.
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Multimedia Appendix 4
Amazon Network Access Control List for outgoing traffic leaving data network.
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Multimedia Appendix 5
Amazon Network Access Control List for incoming traffic to the audit network.
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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 avariety 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 arandomized controlled trial (RCT) of acomputer-generated photoaging intervention to promote smoking
cessation among young adult smokers within acommunity 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 |ocated
around Perth city center in Western Australia. All participants received standardized smoking cessation advice. Theintervention
group participants were also digitally photoaged by using the Internet-based APRIL Face Aging software so they could preview
images of themselves asalifelong smoker and asanonsmoker. Dueto the nature of theintervention, 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 Fagerstrom 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. Thisdifferencein biochemically confirmed
quit attempts was statistically significant ()(21:9.0, P=.003). A repeated measures analysis suggested the average intervention
group smoking dependence score had aso significantly dropped compared to control participants (P<.001). These differences
remained statistically significant after adjustment for small differencesin 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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Introduction Methods

Tobacco smoking leads to premature death or morbidity and  Study Design and Population

places a drain on national resources. Consequently, health .« study was a RCT (Tria ID number:

professional sand governments stress the importance of smoking
cessation and areduction 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 smokersdie prematurely from their habit,
with half of these in middle age [4]. Smoking reduces life
expectancy by approximately 7 years, with significant morbidity
inthefinal years of ashortened 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 adaily 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 potentia of personalized,
computer-generated, facial aging software to prompt quit
attemptsin young adult smokers. These havefound 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
includeswrinkling of theface, 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 Fagerstrom
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.

http://www.jmir.org/2013/3/e64/

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
typel 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
pharmaciesto 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, aswell as published data regarding
facia 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.

APRIL

www.aprilage.com

www.aprilage.com

Figure 2. Digitally aged photos of female participant at 65 years as a nonsmoker (left) and as a smoker (right).

APRIL

www.aprilage.com

Data Collection

At recruitment, all participants were asked to complete a
baseline questionnaire consisting of demographic data, the
Fagerstrom Smoking Dependence Scale (scorefrom 0-10) [17],
guestions concerning attitudes toward personal appearance,
opinions about hedth 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

http://www.jmir.org/2013/3/e64/

APRIL

www.aprilage.com

smoker and anonsmoker (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 viatelephoneat 1, 3, and 6 months, each taking
approximately 3 minutes to complete.

If participants stated at the 6-month foll ow-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
Smokerlyzer (Bedfont Scientific Ltd, Kent, England, UK) that
provided a CO level reading in parts per million (ppm).
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Figure 3. Intervention being delivered by pharmacist.

Burford et d

Primary Outcomes M easured

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 Fagerstrom scale. These
weremeasured at baselineand 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’stt test for continuous variables. The
primary endpoints of the study at the 6-month follow-up were
analyzed using chi-sguare tests to compare percentages of
quittersin each group, or t teststo compare smoking dependence
levels. Percentages of quittersin 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 changesin the Fagerstrom 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,
Inc, Cary, NC, USA) with P<.05 taken to indicate astatistically
significant association.

http://www.jmir.org/2013/3/e64/
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Secondary Outcomes M easured

The secondary outcomes measured were (1) the
cost-effectiveness of the intervention from a health sector
perspectiveintermsof theincremental cost per additional quitter
and per additional lifetime quitter, and (2) the businessviability
of delivering theintervention in acommunity pharmacy. These
were calculated at the conclusion of the study.

Two perspectives were adopted: ahealth 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 calcul ate net intervention costs. Cost offsetswere based
on the Quit Benefits Model, which is a tool developed in
Ausdtraliato predict the differencein 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
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offsetswere discounted at arate 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 thetokenswas converted from American dollarsto Australian
dollars based on the average exchange rate in 2011 [22]. The
number of lifetime quitterswas calculated assuming along-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 analysiswith the best-case and worst-case scenarios
were performed [25]. The parameters varied were the
pharmacist’s time spent providing the service, the exchange

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

Burford et d

rate for converting the cost of tokens from American dollarsto
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]. Inthe
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
guantitative datafrom 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 saleswere analyzed by using simple descriptive statistics.

Item? Base case Scenario sensitivity analysis
Best case Worst case

Pharmacist time per participant to deliver service (mins) 4.8 36 6.0

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

Cost of atoken (AU$) 3.87 3.63 6.53

Exchange rate (AU$) 0.9687 0.9067 1.6321

Discount rate (%) 3 0 5
@ Compared to US $1.

for the control group and 72.5% for the intervention group. The

Results group group

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 theinvitation to participate for arange of very different
reasons. Eighty participants were recruited to the control group
and 80 to the intervention group.

Thelntervention

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 alaptop computer.

Data Collection

The RCT was conducted between January 2010 and December
2010 and &l follow-up surveys were completed by June 2011.
The final 6-month follow-up showed a response rate of 77.5%

http://www.jmir.org/2013/3/e64/

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
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
guestions were taken from an earlier survey [11], and showed
that the groupswere generally well matched. However, agreater
proportion of the intervention group appeared to be concerned

about their physical appearance (82.5% versus 67.5%, x21:4.8,
P=.03), and believed that facial wrinkles were associated with
smoking (98.8% versus 85.0%, x*,=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%, x*,=0.1, P=.73).
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Figure 4. Profile of the randomized controlled trial (using CONSORT guidelines).

Burford et d
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+ Not meeting inclusion criteria(n=1046)

h 4

+ Declined to participate (n=53)
+ Other reasons (n=0)

Randomized (n=160)

|

h 4

ot

Allocation

v

|

Allocated to control (n=80)

+ Received allocated treatment (n=80)

+ Did not receive allocated treatment (give
reasons) (n=0)

Allocated to intervention (n=80)

+ Received allocated intervention (n=80)

+ Did not receive allocated intervention (give
reasons) (n=0)

! [
4

Follow-Up

] ‘

Lost to follow-up (give reasons) (n=17)
Phone number disconnected (n=2)
Participant did not answer (n=15)
Discontinued treatment (give reasons) (n=0)

Lost to follow-up (give reasons) (n=21)

Phone number disconnected (n=3)

Participant did not answer (n=18)
Discontinued intervention (give reasons) (h=0)

Analysis

l

Analyzed (n=63)
+ Excluded from analysis (give reasons) (n=17)
17 participants lost to follow-up.
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Analyzed (n=59)
+ Excluded from analysis (give reasons) (n=21)
21 participants lost to follow-up.
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Table 2. Demographic and baseline smoking profile of study participants (N=160).
Control group Treatment group
Variable (n=80) (n=80) P value®
Gender, n (%)
Male 35(43.8) 25(31.3) .10
Female 45 (56.2) 55 (68.7)
Age, mean (SD) 25.1(4.1) 24.2 (4.1) 160
Education, n (%) 71
Year 10 high school 15 (19.0) 17 (21.3)
Year 12 high school 31(39.2) 29(36.3)
Technical and further education (TAFE) qualifi- 17 (21.5) 22 (27.5)
cations
Degree (university/college) 16 (20.3) 12 (15.0)
Cigarettesper day over past 30 days, n (%) .35
1 11 (13.8) 19 (23.8)
2-5 9(11.3) 10 (12.5)
6-10 21(26.3) 14 (17.5)
11-20 27(33.8) 29 (36.3)
>21 12 (15.0) 8(10.0)
Fagerstrom score, mean (SD) 2.96 (2.52) 2.87 (2.48) 820
Fager strdm dependency score, n (%) .92
0-2 39 (48.8) 39 (49.4)
34 19 (23.8) 18 (22.8)
5 8(10.0) 10 (12.7)
6-7 10 (12.5) 10 (12.7)
810 4(5.0) 2(2.5)

8 From chi-square test (unless otherwise marked) comparing the treatment groups.

b From t test.

Primary Outcomes M easured

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% Cl 7.8-22.9). Thisdifferencein confirmed quitting

is statistically significant (x?,=9.0, P=.003). The intervention

http://www.jmir.org/2013/3/e64/

RenderX

group contained a larger proportion of participants responding
to the question: “I care about how people think | 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).

Control group Treatment group

Variable (n=80) (n=80) P value?
Responseto follow-up questionnaires, n (%)

All surveys completed 56 (70.0) 48 (60.0) .38
Incomplete (last survey completed), n (%)

6 month 6(7.5) 10 (12.5)

3 month 8(10.0) 14 (17.5)

1 month 3(3.8) 4 (5.0)

No follow-up 7(8.8) 4(5.0)
Quit smoking at 6 months, n (%)

Self-report (questionnaire) 5(6.3) 22 (27.5) <.001

Confirmed (CO-validated) 1(13) 11(13.8) .003
Changein Fager strém smoking dependence score at 6 months, n (%) <.001P

Reduced dependence 11 (13.8) 41 (51.3)

No change 68 (85.0) 39 (48.8)

Increased dependence 1(1.3) 0
Change in mean Fager strom score from baseline <.001°

At 1-month follow-up -0.14 -0.83

At 3-month follow-up -0.38 -1.34

At 6-month follow-up -0.26 -1.88

& From chi-square tests unless otherwise specified.
b From Fisher's Exact test.

€ Obtained from a repeated measures analysisincluding al available surveys.

Table 3 also shows changes in the Fagerstrom 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 ()(22:26.2, P<.001), with 14% of

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

A random effects regression model was used to model the mean
change in Fagerstrém score from baseline by using data from
all follow-up surveys The control group did not experience a
significant drop in Fagerstrom 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

http://www.jmir.org/2013/3/e64/

intervention group separately because it was clear that changes
in score appeared only in theintervention group. For the control
group, there were no associ ations 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 Fagerstrom scale of at least 1 point (P<.001)
independent of age. Participants smoking 6 to 10 cigarettes per
day obtained alower 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 M easured

Total costs of implementing the intervention from ahealth sector
perspective were AU $463, or the equivalent of AU $5.79 per
participant (Table 4).
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Table 4. Economic analysis of photoaging service.
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Item Base case Scenario sensitivity analysis
Best case Worst case
Mean cost per participant of service (AU$) 5.79 5.07 8.93
Total cost of service® (AU$) 463 406 714
Incremental cost-effectivenessratio (ICER)
Cost per additional quitter (AU$) 46 41 71
Cost per additional lifetime quitter (AU$) 74 64 113
Cost offset from reduction in health care costs (AU$) 2144 2660 1867
Net total cost savings (AU$) 1778 2346 1316
Willingnessto pay for service (AU$)
Mean (SD) 20.25 (15.32)
Median (IQR) 20.00
(10.00, 20.00)

8For 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 areduction 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 savingswere AU $2346. Corresponding
figuresfor the worst-case scenario were AU $71 per additional
quitter and AU $13186, 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 morelikely 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 friendswho 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
aquit 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 arange of socioeconomic areas and the equal number
of study participants selected for each treatment group at each

http://www.jmir.org/2013/3/e64/

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 aquit 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 participantsin the control group
agreed to CO verification. There are 2 possible reasonsfor 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
amenableto follow-up. Neverthel ess the sel f-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.

Strengthsand Weaknessesin Relation to Other Studies

Although many individualized smoking cessation interventions
have been implemented in the past few decades, few have had
asmarked animpact asreported here. With the advent of digital
technology, quit messages can now be delivered by mobile
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telephone, email, text messaging, and online social networks
[27].

To date, there have been few studiesreporting on apersonalized
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].

Implicationsfor 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, asystematic 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 el sewhere for brief advice from ageneral
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
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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 rolein delivering
smoking cessation pharmacotherapies and other forms of
cessation assistance [32,33]. Could this intervention also be
delivered by other health care providersin community settings,
such as family medicine or alied health clinics?

A significant development for the use of mass media in
delivering antismoking messages is the advent of digital
technol ogy. Technologi es such asthe Internet, socia networking
sites, and smartphones have the potentia 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.

Acknowledgement for use of progression software: MJ, OB, and OC thank APRIL Face Aging software for supplying the
progression software v2.5 license per gratis for the duration of the study. MJ, OC, and OB conceptualized and designed the study;
OB acquired all data; OB, RP, DH, OC, and M J drafted the manuscript; RP performed all statistical dataanalyses, DH performed
all economic analyses; MJ, OC, RP, DH, and OB critically reviewed the manuscript for intellectual context.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6.2 [35].

[PDF File (Adobe PDF File), 988KB - jmir_v15i3e64_app.pdf ]

References

1.  World Health Organization. WHO report on the global epidemic, 2011: warning about the dangers of tobacco. URL : http:/
/www.who.int/tobacco/global _report/2011/en/ [accessed 2012-08-09] [WebCite Cache ID 69matV 7xr]

2. World Health Organization. 2012 May. WHO Tobacco Fact Sheet No 339 URL.: http://www.who.int/mediacentre/factsheets/
fs339/en/index.html [accessed 2012-06-15] [WebCite Cache ID 69mbjhQuif]

3. WhiteV, Hayman J. Smoking behaviours of Australian secondary students in 2005. 2006 Jun. URL : http://www.
national drugstrategy.gov.au/internet/drugstrategy/publishing.nsf/Content/E1B70590A DAEF56D CA 257225000ED CEY/
$File/mono59.pdf [accessed 2012-08-09] [WebCite Cache ID 69mcGNbid]

4. Dol R, Peto R, Boreham J, Sutherland I. Mortality in relation to smoking: 50 years observations on male British doctors.
BMJ 2004 Jun 26;328(7455):1519 [FREE Full text] [doi: 10.1136/bmj.38142.554479.AE] [Medline: 15213107]

5. Brgnnum-Hansen H, Juel K. Abstention from smoking extends life and compresses morbidity: a population based study
of health expectancy among smokers and never smokers in Denmark. Tob Control 2001 Sep;10(3):273-278 [FREE Full
text] [Medline: 11544393]

6. Bjartveit K, Tverdal A. Health consequences of smoking 1-4 cigarettes per day. Tob Control 2005 Oct;14(5):315-320
[FREE Full text] [doi: 10.1136/tc.2005.011932] [Medline: 16183982]

http://www.jmir.org/2013/3/e64/ JMed Internet Res 2013 | val. 15 | iss. 3 [e64 | p.24

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i3e64_app1.pdf&filename=bfc1b39e41cd094617bccee0cf42f044.pdf
https://jmir.org/api/download?alt_name=jmir_v15i3e64_app1.pdf&filename=bfc1b39e41cd094617bccee0cf42f044.pdf
http://www.who.int/tobacco/global_report/2011/en/
http://www.who.int/tobacco/global_report/2011/en/
http://www.webcitation.org/69matV7xr
http://www.who.int/mediacentre/factsheets/fs339/en/index.html
http://www.who.int/mediacentre/factsheets/fs339/en/index.html
http://www.webcitation.org/69mbjhQuf
http://www.nationaldrugstrategy.gov.au/internet/drugstrategy/publishing.nsf/Content/E1B70590AD4EF56DCA257225000EDCE9/$File/mono59.pdf
http://www.nationaldrugstrategy.gov.au/internet/drugstrategy/publishing.nsf/Content/E1B70590AD4EF56DCA257225000EDCE9/$File/mono59.pdf
http://www.nationaldrugstrategy.gov.au/internet/drugstrategy/publishing.nsf/Content/E1B70590AD4EF56DCA257225000EDCE9/$File/mono59.pdf
http://www.webcitation.org/69mcGNbid
http://europepmc.org/abstract/MED/15213107
http://dx.doi.org/10.1136/bmj.38142.554479.AE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15213107&dopt=Abstract
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=11544393
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=11544393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11544393&dopt=Abstract
http://dx.crossref.org/10.1136%2Ftc.2005.014589
http://dx.doi.org/10.1136/tc.2005.011932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16183982&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Burford et al

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Australian Ingtitute of Health and Welfare. 2010 National drug strategy household survey report. Canberra: AIHW; 2011
Jul. URL: http://www.ai hw.gov.au/publication-detail/71d=32212254712 [accessed 2012-08-09] [WebCite Cache ID
69mcV Ddqj]

Siahpush M, McNeill A, Hammond D, Fong GT. Socioeconomic and country variations in knowledge of health risks of
tobacco smoking and toxic constituents of smoke: results from the 2002 International Tobacco Control (ITC) Four Country
Survey. Tob Control 2006 Jun;15 Suppl 3:iii65-iii70 [FREE Full text] [doi: 10.1136/tc.2005.013276] [Medline: 16754949]
Droomers M, Schrijvers CT, Mackenbach JP. Educational differencesin the intention to stop smoking: explanations based
on the Theory of Planned Behaviour. Eur J Public Health 2004 Jun;14(2):194-198 [FREE Full text] [Medline: 15230509]
Carter O. Australian tobacco control advertising 1997-2005. In: Audit of Published and Unpublished Formative Research
and Campaign Evaluations. Curtin University of Technology: 2006 CBRCC Report 060721; 2005.

Hysert PE, Mirand AL, Giovino GA, Cummings KM, Kuo CL. "At Face Value'": age progression software provides
personalised demonstration of the effects of smoking on appearance. Tob Control 2003 Jun;12(2):238 [FREE Full text]
[Medline: 12773741]

Weiss C, Hanebuth D, Coda P, Dratva J, Heintz M, Stutz EZ. Aging images as a motivational trigger for smoking cessation
inyoung women. Int JEnviron Res Public Health 2010 Sep;7(9):3499-3512 [ FREE Full text] [doi: 10.3390/ijerph7093499]
[Medline: 20948939]

Grogan S, Flett K, Clark-Carter D, Gough B, Davey R, Richardson D, et al. Women smokers' experiences of an
age-appearance anti-smoking intervention: a qualitative study. Br J Health Psychol 2011 Nov;16(4):675-689. [doi:
10.1348/2044-8287.002006] [Medline: 21199543]

Grogan S, Flett K, Clark-Carter D, Conner M, Davey R, Richardson D, et al. A randomized controlled trial of an
appearance-related smoking intervention. Health Psychol 2011 Nov;30(6):805-809. [doi: 10.1037/a0024745] [Medline:
21767016]

Phillips KA. The Broken Mirror: Understanding and Treating Body Dysmorphic Disorder. Oxford: Oxford University
Press, 2005.

Burford O, Smith M, JiwaM, Carter O. Photoageing intervention (PAINT): aproposal for arandomised controlled trial in
Australian primary care. AMJ 2008 Nov 2008;1(7):8-12. [doi: 10.4066/AMJ.2009.108]

Quitter's Guide.com. 2008. Fagerstrom Scale: how addicted are you to nicotine? URL: http://www.quittersguide.com/
fagerstrom-scale.shtml [accessed 2012-08-09] [WebCite Cache ID 69mcZW6EWY]]

Pharmacy Industry Award 2010 (MA0000012). 2010. URL : http://www.chambernt.com.au/documents/File/

Modernised Awards/Pharmacy Industry Award 2010 MA000012.pdf [accessed 2012-08-09] [WebCite Cache ID
69mcdyi6Kk]

APRIL Face Aging Software. 2012. AgeMe URL: http://www.aprilage.com/ageme.html [accessed 2012-08-09] [WebCite
Cache ID 69mcgHvzs]

Hurley SF, Matthews JP. The Quit Benefits Model: a Markov model for ng the health benefits and health care cost
savings of quitting smoking. Cost Eff Resour Alloc 2007;5:2 [FREE Full text] [doi: 10.1186/1478-7547-5-2] [Medline:
17241477]

Gold MR, Siegel JE, Russell LB. Cost-Effectiveness in Health and Medicine. New York: Oxford University Press; 1996.
OANDA.. 2012. Historical Exchange Rates URL : http://www.oanda.com/currency/historical -rates/ [accessed 2012-08-09]
[WebCite Cache ID 69mchwPZf]

Hawkins J, Hollingworth W, Campbell R. Long-term smoking relapse: a study using the british household panel survey.
Nicotine Tob Res 2010 Dec;12(12):1228-1235. [doi: 10.1093/ntr/ntq175] [Medline: 21036960]

Krall EA, Garvey AJ, Garcia RI. Smoking relapse after 2 years of abstinence: findings from the VA Normative Aging
Study. Nicotine Tob Res 2002 Feb;4(1):95-100. [doi: 10.1080/14622200110098428] [Medline: 11906685]

Drummond MF, Sculpher MJ, Torrance GW. Methods for the Economic Evaluation of Health Care Programmes. Oxford:
Oxford University Press; 2005.

SRNT Subcommittee on Biochemical Verification. Biochemical verification of tobacco use and cessation. Nicotine Tob
Res 2002 May;4(2):149-159. [doi: 10.1080/14622200210123581] [Medline: 12028847]

Aveyard P, Raw M. Improving smoking cessation approaches at the individual level. Tob Control 2012 Mar;21(2):252-257.
[doi: 10.1136/tobaccocontrol-2011-050348] [Medline: 22345262]

Ronckers ET, Groot W, Ament AJ. Systematic review of economic evaluations of smoking cessation: standardizing the
cost-effectiveness. Med Decis Making 2005;25(4):437-448. [doi: 10.1177/0272989X 05278431] [Medline: 16061896]
Woolacott NF, JonesL, Forbes CA, Mather LC, Sowden AJ, Song FJ, et al. Theclinical effectiveness and cost-effectiveness
of bupropion and nicotine replacement therapy for smoking cessation: a systematic review and economic evaluation. Health
Technol Assess 2002;6(16):1-245 [FREE Full text] [Medline: 12269277]

Miller M, Wood L. Effectiveness of smoking cessation interventions: review of evidence and implications for best practice
in Australian health care settings. Aust NZ J Public Health 2003;27(3):300-309. [Medline: 14705286]

The Pharmacy Guild of Australia. 2010 May. The Roadmap: the strategic direction for community pharmacy URL: http:/
/www.guild.org.au/sites The Guild/tab-Pharmacy Services and Programs/The Roadmap/The%20Roadmap.page [accessed
2012-08-09] [WebCite Cache ID 69mclFUY 3]

http://www.jmir.org/2013/3/e64/ JMed Internet Res 2013 | val. 15 | iss. 3 |e64 | p.25

(page number not for citation purposes)


http://www.aihw.gov.au/publication-detail/?id=32212254712
http://www.webcitation.org/69mcVDdqj
http://www.webcitation.org/69mcVDdqj
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=16754949
http://dx.doi.org/10.1136/tc.2005.013276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16754949&dopt=Abstract
http://eurpub.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15230509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15230509&dopt=Abstract
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=12773741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12773741&dopt=Abstract
http://europepmc.org/abstract/MED/20948939
http://dx.doi.org/10.3390/ijerph7093499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20948939&dopt=Abstract
http://dx.doi.org/10.1348/2044-8287.002006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21199543&dopt=Abstract
http://dx.doi.org/10.1037/a0024745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21767016&dopt=Abstract
http://dx.doi.org/10.4066/AMJ.2009.108
http://www.quittersguide.com/fagerstrom-scale.shtml
http://www.quittersguide.com/fagerstrom-scale.shtml
http://www.webcitation.org/69mcZW6WY
http://www.chambernt.com.au/documents/File/Modernised_Awards/Pharmacy_Industry_Award_2010_MA000012.pdf
http://www.chambernt.com.au/documents/File/Modernised_Awards/Pharmacy_Industry_Award_2010_MA000012.pdf
http://www.webcitation.org/69mcdyi6k
http://www.webcitation.org/69mcdyi6k
http://www.aprilage.com/ageme.html
http://www.webcitation.org/69mcgHvzs
http://www.webcitation.org/69mcgHvzs
http://www.resource-allocation.com/content/5//2
http://dx.doi.org/10.1186/1478-7547-5-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17241477&dopt=Abstract
http://www.oanda.com/currency/historical-rates/
http://www.webcitation.org/69mchwPZf
http://dx.doi.org/10.1093/ntr/ntq175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21036960&dopt=Abstract
http://dx.doi.org/10.1080/14622200110098428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11906685&dopt=Abstract
http://dx.doi.org/10.1080/14622200210123581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12028847&dopt=Abstract
http://dx.doi.org/10.1136/tobaccocontrol-2011-050348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22345262&dopt=Abstract
http://dx.doi.org/10.1177/0272989X05278431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16061896&dopt=Abstract
http://www.hta.ac.uk/execsumm/summ616.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12269277&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14705286&dopt=Abstract
http://www.guild.org.au/sites/The_Guild/tab-Pharmacy_Services_and_Programs/The_Roadmap/The%20Roadmap.page
http://www.guild.org.au/sites/The_Guild/tab-Pharmacy_Services_and_Programs/The_Roadmap/The%20Roadmap.page
http://www.webcitation.org/69mclFUY3
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Burford et al

32.

33.

34.

35.

Saba M, Saini B. Smoking cessation in pharmacy - Shedding light on the current concepts. Australian Pharmacist
2010;29:1034-1039.

Sinclair HK, Bond CM, Stead L F. Community pharmacy personnel interventionsfor smoking cessation. Cochrane Database
Syst Rev 2004(1):CD003698. [doi: 10.1002/14651858.CD003698.pub2] [Medline: 14974031]

Brendryen H, Kraft P. Happy ending: arandomized controlled trial of adigital multi-media smoking cessation intervention.
Addiction 2008 Mar;103(3):478-84; discussion 485. [doi: 10.1111/].1360-0443.2007.02119.x] [Medline: 18269367]
Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e126 [ FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Abbreviations

BDDQ: Body Dysmorphic Disorder Questionnaire
CO: carbon monoxide

ICER: incremental cost-effectivenessratio

NRT: nicotine replacement therapy

OTC: over-the-counter

RCT: randomized controlled trial

WTP: willingness to pay

Edited by G Eysenbach; submitted 03.09.12; peer-reviewed by P Hysert; comments to author 26.01.13; accepted 03.02.13; published
26.03.13.

Please cite as.

Burford O, Jiwa M, Carter O, Parsons R, Hendrie D

Internet-Based Photoaging Wthin Australian Pharmacies to Promote Smoking Cessation: Randomized Controlled Trial
J Med Internet Res 2013;15(3): e64

URL: http://mwww.jmir.org/2013/3/e64/

doi:10.2196/jmir.2337
PMID: 23531984

©Oksana Burford, Moyez Jiwa, Owen Carter, Richard Parsons, Delia Hendrie. Originally published in the Journal of Medical
Internet Research (http://www.jmir.org), 26.03.2013. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright
and license information must be included.

http://www.jmir.org/2013/3/e64/ JMed Internet Res 2013 | val. 15 | iss. 3 |e64 | p.26

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1002/14651858.CD003698.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14974031&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2007.02119.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18269367&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.jmir.org/2013/3/e64/
http://dx.doi.org/10.2196/jmir.2337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23531984&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Bergsund et &

Original Paper

How User Characteristics Affect Use Patterns in Web-Based
lliness Management Support for Patients with Breast and Prostate
Cancer

Elin Bargsund®, MSc; Milada Cvancarova', PhD; Mirjam Ekstedt*?, PhD; Shirley M Moore®, PhD; Cornelia M
Ruland™*, PhD

ICentre for Shared Decision Making and Collaborative Care Research, Oslo University Hospital, Oslo, Norway
2Royal Institute of Technology, KTH, School of Technology and Health, Stockholm, Sweden

SFrances Payne Bolton School of Nursing, Case Western Reserve University, Cleveland, OH, United States
4Department of Medicine, University of Oslo, Oslo, Norway

Corresponding Author:

Elin Bargsund, MSc

Centre for Shared Decision Making and Collaborative Care Research
Odlo University Hospital

P.O. Box 4950 Nydaen

Odlo, 0424

Norway

Phone: 47 23075452

Fax: 47 23075450

Email: elin.borosund@rr-research.no

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 iswarranted. 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 alarge 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
asusers. A high level of computer experience (oddsratio [OR] 3.77, 95% CI 1.20-11.91) and not having other illnessesin 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 a so 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 crucia 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://lwww.webcitation.org/6EMEWZiwz)

(J Med Internet Res 2013;15(3):€34) doi:10.2196/jmir.2285
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Introduction

Web technologies provide an opportunity to target support to
different patient groups and can reach alarge number of users.
Recent years have seen growth in Web-based interventions and
support systems that have been shown to assist awide 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 clinica 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 interventionsthat 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].
Themodel 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 severa eHealth studies.
Older age [20-23], female gender [20,24,25], higher education
[20,21,24-28], and higher income [27,29] have &l been
associated with higher usein 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].

http://www.jmir.org/2013/3/e34/

According to CMI S, aperson’sdirect experiencewith adisease
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 al so 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]. Thelevel of social support could
affect how much information and support is needed. Lower
levelsof 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 applicationsin 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 groupsiscritical 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 awhole on a set of general criteria, and the usefulness of
specific components that the system offers have not been
addressed. An average usefulness scorein these types of studies
may well result from a user who has eval uated some aspects as
high and some aslow. To design Internet systemsthat can better
target different user groups, moreresearch 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-rel ated, and psychosocial
variables are associated with the use of WebChoice?

2. Among WebChoice users, what are the associations among
levelsof 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, effectson 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 pamphl ets mailed to patients
through the Norwegian Cancer Registry. Patients who were
interested called the research center to participate. Inclusion
criteriawere 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 aslittle 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

http://www.jmir.org/2013/3/e34/
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Data Security Inspectoratein 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 devel oped in close cooperation with users
and health care personnel [39]. The modulestested 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 prioritiesfor support in physical,
functional, and psychosocia 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;
levelsof evidence; referencesto 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.

. Joan Doe
U_]ebu']o]ce_ Frontpage ent | Advice | M Forum | Diary | Blog Link collection My profile | Help | Log out
Welcome! Joan Doe Frofile
| Overview Calendar
Assessment Advice Since my last visit:
’ Register your symptoms and Self-management advice for
I problems your symptoms and No news today
Read more problems
Read more
Message Forum
Ask questions to care Discussions with other
provider @ patients
Read more Read more
Diary Link collection
Personal notes Evidence-based information
Read more m related to illness
management
Read more

Copyright Rikshospitalet University Hospital SPS | Contact information

Figure 2. Screenshot of the results of an assessment and the associated advice/interventions.

Assessments  « Help and advice Reports
Problems @ Interventions
Click on a problem below to find interventions. User guide 7
! . Interventions for LYMPHOEDEMA:
Eating / Drinking
‘ Welght loss Interventions [7 Skin care if you have lymphoedema Read more
‘ Taste/smell changes nterventins | | | | Locel compress Bead more
[™ Dietary advice for lymphoedema Read more
Bowel / Bladder
[T Lymphoedema - when should | contact a physician or physiotherapist? Read more
[ Diarrhea/loose stools Interventions
[7 Massage the affected area Read more
Discomfort [™ Awoid heavy and unbalanced strain Read more
Nausea/vomiting Infervention I Avoid tightitting clothes and jewelry Read more
Lymphoedema Interventions [™ Moderate exercise and physical acthities Read more
Family and Friends T .
- - Add to list of interventions m
Worried about how my family copes with my liness Interventions
Warried about being a burden Interventions
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Figure 3. Screenshot showing an example of content and layout in the advice component.
o x| =lsix]
B ue B J-'-'i

3 Skin care if you have lymphoedema - Microsoft Internet
Skin care if you have lymphoedema

If you have lymphoedema, the affected area is more susceptible to sores due to poor blood circulation and
Iymph drainage. The area with lymphoedema is also more susceptinle to infection. Careful observation of the

-] sl |Keblinger |
affected area and good skin care is therefore important.

=
How should | do this? bt

To keep the skin smooth, apply a rich and mild skin lotion daily. Use a mild soap when you shower or
bathe. The Iotion and the soap should ideally have low pH-values

.

Ohserve the skin: Are there signs of soreness or redness? Is the skin sensitive?

Protect the skin against damage/sores. Keep your fingernails short. Avoid punctures, including
acupuncture, of the skin in the affected area. Ask that your blood pressure is measured on the non-

affected arm REsdiicTs

+ Heat may increase the swelling. Be sure not to shower/bathe in hot water for too long or spend too Read
much time in & sauna. Avoid extensive sun exposure of the area Ll
= If you experience sores, redness or tenderness in the affected area, seek advice from health Read more
professionals at the ward/outpatient clinic. ot a physician or physiotherapist? Read more
When should | do this? Read more
No reservations Read mare
Bead more

Can the intervention have side effects?

No ties Read more

istotintarvantons [l cancel |

Does the intervention work?
The intervention is based on research data
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because patients who only logged on once may have only read

Measures of System Use the welcome message and never actually used the system.

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

Information was collected on how many times the users|ogged
on, how much time they spent on the site and on each
component, and which components of WebChoice were

categorized as users. We specified a minimum of 2 log-ins  accessed or used actively.
Table 1. Measures of system use of the WebChoice website.

Variable Description

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

Duration Minutes spent using the system and its different components. If auser, when visiting a component, did not make
aWeb 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 alack 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.

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

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

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

Diary notes Number of notes made in the diary.

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 acomponent to
read what they had written previously or what others had written (eg, forum or answers from nurses).

Visitsto the different components

diagnosis, recurrence/metastasis, type of treatment, and other

User Characteristics illnesses) were recorded with a study-specific questionnaire.

Demographic variables (age, gender, marital status, level of
education, and household income) and diagnosis-related
variables (diagnosis of breast or prostate cancer, time since

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

Social support was measured with the 20-item Medical
Outcomes Study Socia Support Survey (MOS-SS), including
5 subscales addressing emotional, instrumental, tangible, and
affectionate support, and positive socia interaction [41].
Responses on 5-point Likert scales ranged from 0 (nhone of the
time) to 4 (all the time). Higher scores indicated more social
support. Cronbach alphafor 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 O (rarely or
none of the time) to 3 (most or al the time). Higher scores
indicated greater depression. Cronbach a phafor 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-rel ated 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 scoresindicated 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 datafor 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 (1QRS)
for continuous variables and as proportions for categorical data.

http://www.jmir.org/2013/3/e34/
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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.
VariableswithaP value<.2 inthe univariatelogistic regression
analyses were included in a multiple regression model. Based
on the assumption that we could not expect alinear association
between age and the outcome, age wasfirst divided into several
categories. L ater, categorieswith similar oddsratios (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
isastatistical method designed to identify if there are underlying
types or subgroups of individuals that share specific
characteristics[45]. LCA can best be thought of asanimproved
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 aso to
quantify their direction and strength. Because of a limited
sample size, we fitted LCA models with 3 classes and 4
explanatory variables a most to avoid overfitting and
multicollinearity. As afinal 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
dataand not on predefined cutoffs, atertile division was chosen
to provide categories with sufficient sizesand enable usto make
distinctions among the high, medium, and low values. To ensure
asufficient number of breast and prostate cancer patientswithin
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 psychosocia
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).
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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 CharacteristicsAssociated 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
diagnosisand 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

Asdisplayed 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 wasthe
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).
Thediary was among the | east-used componentsin WebChoice.
Therewerelarge differences between users. When we analyzed
patterns of use of different componentsin 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, asthe next
step, we analyzed which user characteristics were associated
with utilizing specific components.

Associations Between User Characteristics and
Component Use

Overdll, we did not find any association among use of different
WebChoice components (measured in  minutes) and
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demographics, most disease-related characteristics, or computer
experience.

However, use patterns were different for men with prostate
cancer and women with breast cancer. Levelsof usewererelated
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 overal WebChoice use for women with breast cancer,
whereas symptom distress was more influential for men with
prostate cancer. High use of all WebChoice components was
associated with low level sof socia 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 messagesto oncology nurses. This
applied to both men with prostate cancer and women with breast
cancer (Table 7). The estimated probabilitiesin 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 socia support, a .74 probability of high
symptom distress, and a .89 probability of depression.

Use of the Advice Component

Lower levels of socia 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.

Characteristics WebChoice access Users Nonusers P value
N=162 n=103 n=59

Demographic factors

Age, median (range) 57 (35-80) 58 (36-79) 56 (35-80) 15

Marital status, n (%) 94
Married/cohabitating 135(83.3) 86 (83.5) 49 (83.1)

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

Education, n (%) .89
Elementary/high school 62 (38.3) 38(36.9) 24 (40.7)
University/college <4 years 69 (42.6) 45 (43.7) 24 (40.7)
University/college >4 years 31(19.1) 20 (19.9) 11 (18.6)

Household annual income (NOK), n (%) & 63
<400,000 48 (29.6) 32(31.1) 16 (27.1)

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

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

Missing data 5(3.1) 1(1.0) 4(6.8)
Disease-related factors

Diagnosis, n (%) .09
Breast cancer 96 (59.3) 56 (54.4) 40 (67.8)

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

Months since diagnosis, median (| QR)b 115(21) 11.0(22) 12.0(203) 52

Metastasis, n (%) 26 (16.0) 18 (17.5) 8 (13.6) 51

Recurrence, n (%) 13 (8.0) 6 (5.8) 7(11.9) A7

Other illnesses, n (%) 63(38.9) 35(34.0) 28 (47.5) .08

Psychosocial factors, median (1QR) b

Symptom distress 28 (27) 29 (28) 25(23) 49

Social support 84 (28) 84 (28) 84 (31) .38

Depression 9.5(12) 10 (12) 9(12) 51

Self-efficacy 219 (67) 216 (71) 227 (64) 57

Health-related quality of life 0.86 (0.16) 0.86 (0.15) 0.88 (0.16) 49
Computer experience, n (%) .07

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

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

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

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

@NOK = Norwegian kroner (400,000 NOK=US $67,000; 600,000 NOK=US $100,000).
b IQR = Interquartile range.
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Table 3. Baseline treatment characteristics of patients with access to WebChoice by diagnosis.

Diagnosis and treatment WebChoice access Users Nonusers P value
n (%) n (%) n (%)

Breast cancer (n=96) a

Radiotherapy 62 (65) 37 (66) 25 (63) 72
Chemotherapy 71 (74) 40 (71) 31(78) 50
Hormone treatment 61 (64) 37 (66) 24 (60) .54

Prostate cancer (n=66) &

Radiotherapy 17 (26) 12 (26) 5(26) .95
Chemotherapy 4 (6) 3(6) 1(5) .99
Hormone treatment 41 (62) 26 (74) 15 (88) .30

8 pPatients 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).

Sociodemographic and health Univariate analysis Multiple analysis
characteristics
OR? 95% Cl P value OR? 95% ClI P value

Diagnosis

Breast cancer (ref) 1.00

Prostate cancer 1.77 0.90-3.45 .10 1.45 0.65-3.23 .36
Age

<50 years (ref) 1.00

>50 years 1.69 0.83-3.42 .15 1.75 0.74-4.13 .20

Other illnesses
Yes (ref) 1.00
No 1.79 0.93-3.45 .08 2.10 1.02-4.34 .045

Computer experience

Low (ref) 1.00
Medium 3.33 1.02-10.81 .05 3.09 0.91-10.49 .07
High 3.33 1.11-10.02 .03 3.77 1.20-11.91 .02
%0R: odds ratio.
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Table 5. Usage of different components of WebChoice over the year of accessibility (N=103).

Components in WebChoice Times accessed Users who accessed at least once
Median IQR? Range n %
Total visits 12 29 2-892 103 100
Total duration (minutes) 250 490 21-11,167 103 100
Assessments 2 5 0-51 77 74.8
Assessment visits 7 17 0-103 95 92.2
Assessment duration (minutes) 13 33 0-254 95 92.2
Advicevisits 5 9 0-63 98 95.1
Advice duration (minutes) 15 32 0-372 98 95.1
Information section visits 4 7 0-97 96 93.2
Information duration (minutes) 25 54 0-431 96 93.2
Messages sent 1 5 0-49 62 60.2
Total messages visits 6 13 0-163 93 90.3
Message duration (minutes) 21 68 0-701 93 90.3
Postsin forum 0 4 0-58 50 485
Forum visits 8 36 0-536 87 84.5
Forum duration (minutes) 84 309 0-5108 87 84.5
Diary notes 1 4 0-142 54 52.4
Diary visits 2 6 0-94 73 70.9
Diary duration (minutes) 2 32 0-1003 73 70.9

8| QR=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.
Characteristics Associations with use of components in WebChoice
Prostate cancer Breast cancer
Single characteristics &
Low social support No associations High use of assessment, advice, informa-
tion, messages, and forum
High symptom distress High use of assessments, adviceand fo- No associations
rum
High depression No associations High use of advice, messages, and forum
Low health-related quality of life No associations No associations
Low self-efficacy No associations No associations

Cluster of characteristics b

Low social support, high levels of symptom distress  High use of messages and advice High use of messages
and high levels of depression

8Tableswith exact valuesfor 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.
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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.

Variables Prostate cancer latent class? Breast cancer |atent class®
1b 2 3 1b 2 3
Use of messages
Low .33 37 44 .20 .23 45
Medium .09 .32 .27 .20 .76 .07
High .57 31 .28 .60 .01 A48
Social support
Low .63 .09 11 .96 21 .26
Medium .10 .61 .26 .03 .52 41
High 27 .30 .63 .02 27 .32
Symptom distress
High 51 .36 11 74 51 .01
Medium .24 .38 .26 .24 A3 .56
Low .25 .26 .63 .01 .36 43
Depression
High .87 .01 .01 .89 .26 .07
Medium A2 .97 .02 .10 A7 .36
Low .02 .02 .97 .01 27 .57

& |tem 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.

Variables Prostate cancer latent class? Breast cancer |atent class®
1b 2 3 1 2 3
Use of advice
Low .02 .50 15 .06 .18 .65
Medium 19 .25 .83 51 .18 21
High .80 .25 .03 43 .64 15
Social support
Low .69 .09 .26 .92 A7 .01
Medium 14 .55 .01 .08 .34 .59
High A7 .35 .73 .01 A9 40
Symptom distress
High .79 .29 .02 72 .01 41
Medium .20 .33 .28 22 .28 .34
Low .02 .38 .70 .06 .70 .25
Depression
High .92 .01 .29 .81 .08 .18
Medium .02 .63 .01 19 .18 .55
Low .06 37 .69 .01 74 .27

& |tems 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 socia support, symptom distress, and
depression. The numbers represent item probabilities. All models were stratified by diagnosis and adjusted for age at inclusion.

Variables Prostate cancer latent class? Breast cancer |atent class®
1 2 3b 1 2 3
Use of forum
Low .57 27 .93 .09 .35 15
Medium .01 44 .06 49 .32 41
High 42 .29 .01 42 .34 43
Social support
Low .73 A1 .01 72 49 .01
Medium A1 .60 14 .23 .32 54
High .16 .29 .85 .05 A9 45
Symptom distress
High .55 .25 15 .69 .02 .33
Medium .35 .34 19 22 19 43
Low 10 40 .66 .09 .79 .23
Depression
High .73 .01 14 .82 .02 .02
Medium 17 .70 .02 17 17 .66
Low 10 .29 .84 .01 .82 .33

& |tems 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 level s 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. Levelsof social support and depression were
more important for use patterns among women with breast
cancer, and symptom distresswas moreinfluential 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 thisarea. To our knowledge, thisisthefirst 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 al” patterns of use or systems of

http://www.jmir.org/2013/3/e34/

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 toolsthat will allow usto offer the
right set of support components for specific patient groups.

It is acknowledged that behaviora 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.
Studieswith multiple groups need alarge sample sizeto 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 afear 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 patientsin 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 nurselooked 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 socia support and high illness burden among men with
prostate cancer, but less so for women with breast cancer. This
isin 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 adiscussion forumisnot the placetoturntoif onehaslittle
socia 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 socia 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 sitesfor information
and women with breast cancer use them for emotional support
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[53,54]. Thefact that low socia support and highillnessburden
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
I nternet access and computer literacy have increased in society,
it suggests that more patients may be reached with Web-based
support in the future.

Individualswithout other illnessesin 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 eHedlth literate [32], thus they may not regard
Web-based interventions as a suitable aternative for them, or
they may betooill to benefit. Thiscould indicatethat, 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 usein our sample. Thismight
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]. Thisincreased 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
isreflected in the study sample, as our participants were higher
educated than the genera population in Norway at that time.
Interestingly, we did not find any statistically significant
associ ation 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 atrend, 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% ClI .74-4.13,
P=.20), which corresponds to more recent studiesin which older
people are reported to be more motivated to use e-consultation
than younger people [58], and aso 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. Grimsbg et al [51] recently interviewed individuals with
accessto WebChoiceto gain moreinsightsinto 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 helpfulnessastheir
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 iswhether 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 itsrelationship with effect israrely
reported in effect studies of Web-based interventions. Volume
of use does not necessary lead to increased benefit. Asin 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 theinformation 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 oncewould
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 usto perform
the types of analysis presented here. Another strength is that
we had baseline scores for al individuals and alow proportion
of missing data. Dataon use patterns of Web-based interventions
can be challenging to analyze because they arerarely normally
distributed, and there are often large variations in use. The use
of LCA is avalid 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.
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However, several limitations also need to be addressed. First,
participantsin this study were self-sel ected and recruited through
advertisement and pamphlets. In addition, they had to have
Internet access. Increased willingnessto 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 aso 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 al 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
includein 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 differencesin the underlying popul ation. Onthe
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 confidenceintervals,
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 socia support and high levels of depression
influenced use of the system for women with breast cancer,
whereas high levels of symptom distressinfluenced usefor 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  further development of the WebChoice application, and can be
a useful technique to identify subgroups of users and can be utilized by developersand researchersin creation and evaluation
successfully applied for the analysis of user patterns of of Web-based interventions optimizing content for different
Web-based interventions. Our results will be employed in the  user groups.
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Abstract

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

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

Methods: Datawere collected using cross-sectional household surveys of representative samples of adultsin England. Interest
intrying an Internet site or “app” that was proven to help with stopping smoking was assessed in 1128 adult smokersin 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 arepresentative sample of current smokers, 46.6% (95% CI 43.5%-49.6%) wereinterested 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
smokerswere 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% CIl 1.54-3.02), and were morelikely to have made aquit attempt in the past year (OR=1.76,
95% Cl 1.30-2.37), accessthe 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 smokersin 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):€50) 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, lessthan aquarter of smokersquit by thisage
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 smokersdo not use face-to-face support and almost
half attempt to stop unaided [8]. The Internet could be an ideal
medium for helping those peoplewho do not wish, or are unable,
to engage in face-to-face behavioral support [9,10].

Behavioral support delivered viathe 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 barriersmay
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, researchersand 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].

Thereis 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 programsin routine clinical care (eg, Beating the
Blues for mild and moderate depression and FearFighter for
phobia, panic, and anxiety) [15]. Moreimportantly, thereisalso
specific evidence from three separate systematic reviews that
Internet-based smoking cessation interventions (ISCl's) 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 1SCl's, such aslow cost, it isimportant
to identify the prevalence of smokers who would be interested
in using such support.

An accurate estimate of the likely reach of 1SCls 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
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2006-07, and Internet access and usage patterns are relatively
fast-moving phenomena [28]. For example, in Britain the
percentage of householdsthat have at |east 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 usersin 2011 [29].

Understanding the characteristics of smokersinterested inusing
ISCls 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,
designerswould beinterested 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]. Whileitis 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 interventionsit 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 1SCls [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 smokersin a nationally representative sample
areinterested in using I SCIs?

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],
whichisan 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 atrained interviewer.
By conducting aface-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 Residentia
Neighbourhoods (ACORN) characteristics (an established
geo-demographic analysis of the population provided by CACI
International) and then randomly selected to be included in the
listsof theinterviewers. Interviewerstravel to the selected areas
and performinterviewswith one participant per household until
quotas based upon factors influencing the probability of being
at home (working status, age, and gender) arefulfilled. 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 compl ete data
on all relevant variables.

M easures

Current smokerswere asked: “ If there were an Internet site that
was proven to help with stopping smoking, how likely isit that
youwouldtry it?’ and also “If there were an application (“app”)
for your handheld computer (likea" smartphone” [eg, aniPhone,
Blackberry, or Android phone], palmtop, PDA, or tablet) that
was proven to help with stopping smoking, how likely isit 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 “quitelikely”
to either question) or “ not interested” (ie, those responding “very
unlikely” or “quite unlikely” to both questions).

Additionally, current smokerswere asked questionsthat 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 ajob application, (d) seeking health related information
or support other than stopping smoking (eg, injury, disease,
nutrition, improving health, etc), (e) seeking stop-smoking
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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
caculate 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 | SCls among
all smokers regardiess of their Internet access. Data were
weighted using the rim (marginal) wei ghting techniqueto 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 1SCls, we
conducted a series of simple and multiple logistic regressions.
Alphawas 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% Cl 39.6%-45.7%) of current smokers
were interested in using Internet sites for smoking cessation,
23.9% (95% Cl 21.3%-26.5%) were interested in apps, and
46.6% (95% CI 43.5%-49.6%) wereinterested in 1SCls (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 showsthe smoking, Internet use, and sociodemographic
characteristics of smokers by their interest in the use of 1SCls.
Therewas evidencethat interested smokerswere 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 avariety
of “other” online information. After adjusting for al 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 analysesin which the
associations between interest and the various characteristics

JMed Internet Res 2013 | val. 15 | iss. 3 |e50 | p.48
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Brown et al

were re-assessed separately when smokers were classified  an Internet site, or (2) an app (data not shown).
according to whether or not they had expressed interest in (1)

Table 1. Characteristics of current smokers.

Current sample of Smoking Toolkit Population of Smoking Toolkit Study:

Study: Feb. ‘12 to Apr. ‘12 Jan. ‘11 to Jan. ‘12
(n=1128) (n=4451)
Mean (SD) age 417 (16.7) 43.0 (16.9)
% (N) women 47.6 (537) 49.7 (2210)
% (N) social grade C2DE 72.4 (817) 69.9 (3112)
Mean (SD) heaviness of smoking index 2.0(15) 2.1(15)
Mean (SD) strength of urges score 21(1.0 21(1.1)
% motivated to quit within 3 months 20.3 (229) 22.9 (1020)
% quit attempt in past year 30.9 (348) 30.5 (1358)
% using face-to-face behavioral support in most recent quit attempt 1.3 (15) 1.1 (49)
within past year
% access Internet at least weekly 70.1(791) —
% handheld computer access 41.6 (469) —

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

% seeking online health (not smoking) information or supportinpast 9.5 (107) —
3 months

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

Interested Not interested OR Adj. OR
(n=488) (n=640) (95% CI) (95% CI)
Mean (SD) age 36.6 (13.5) 45.6 (17.9) 0.97 0.98
(0.96-0.97)2 (0.97-0.99)2
% (N) women 47.3(231) 47.8 (306) 0.98 1.06
(0.77-1.24) (0.81-1.38)
9% (N) social grade C2DE 69.5 (339) 74.7 (478) 0.7 0.98
(0.59-1.00) (0.73-1.32)
Mean (SD) heaviness of smoking index 2.1(1.5) 19(15) 1.10 1.10
(1.02-1.19)2 (1.00-1.22)
Mean (SD) strength of urges score 2.3(1.0) 2.0(1.0) 1.33 129
(1.18-1.50)2 (1.10-1.51)2
% motivated to quit within 3 months 29.3(143) 13.4(86) 2.67 2.16
(1.98-3.60)2 (1.54-3.02)2
% quit attempt in past year 41.0 (200) 23.1(148) 231 1.76
(1.78-2.99)2 (1.30-2.37)2
% using face-to-face behavioral supportinmost 1.8 (9) 0.9 (6) 1.99 0.96
recent quit attempt within past year (0.70-5.62) (0.28-3.27)
% access Internet at |east weekly 85.9 (419) 58.1 (372) 4.37 217
(3.24-5.90)2 (1.40-3.36)2
% handheld computer access 56.4 (275) 30.3 (194) 297 1.65
(2.32-3.80)2 (1.22-2.24)2
% seeking online cessation information or sup- 5.3 (26) 1.2(8) 4.45 2.82
portin past 3 months (1.99-9.91) (1.20-6.62)
% seeking online health (not smoking) informa-  11.3 (55) 8.1(52) 144 0.82
tion or support in past 3 months (0.96-2.14) (0.53-1.29)
% seeking “other” onlineinformation or support  77.7 (379) 52.7 (337) 3.13 143
in past 3 months (2.40-4.07)° (0.97-2.10)

3p<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

http://www.jmir.org/2013/3/e50/

Internet—in this study over 70% had used the Internet in the
past week—and this number isonly likely to increase [28]. As
a consequence, 1SCls 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 hedth impact score can be represented as a
multiplicative combination of reach, efficacy, adoption,
implementation, and maintenance. The accuracy of this
calculation for particular 1SCls 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
asthe 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 reasonabl e to assumethat interest
may have increased as a consegquence of improving Internet
access[28]. Additionally, interest in | SCls was operationalized
asan 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 differencesin 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]. Thisassociation with ageis 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 suitablefor targeting younger smokerswho
may otherwise attempt to quit unaided. In contrast, the
association between interest and dependence, motivation, and
past year quit attemptsis characteristic of smokerswho are more
likely to seek treatment [46-48]. It isimportant that any future
assessments of the real-world effectiveness of 1SCl s take these
associations into account [48].

The association between interest and recent searching for online
smoking cessation information or support isintuitive. However,
it is aso 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 smokerswho
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 usein the wider
population isalso true of smokers: smokerswho usethe I nternet
tend to be more affluent and educated than those who do not
[36]. Therefore, the interest of smokers regardless of social
gradein the current study isan 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 ISClsisthat 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 I nternet support has become routine, the two have
emerged as complementary, for example in several areas of
mental health online cognitive behavioral therapy isfrequently
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
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smokers interested in using ISCls. This understanding is
important as access cannot primarily account for the difference
between interest in and use of these interventions; for example,
inthe 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].

Anindirect point of interest isthefinding that in smplelogistic
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 actualy 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 ISCls
following targeted design and promotion. Another limitationis
that the questions used to derive interest in 1SCls were framed
positively (eg, “If there were an Internet site or ‘app’ that was
proven to help with stopping smoking, how likely isit 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 1SCls, which is
highlighted by the current study. Another potential limitation
may have been to operationalize interest in ISCls 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. Moreimportantly, 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 ISCls 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 potentia 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, itisunlikely that forgetting would differ asafunction
of interest in ISCls, and quit attempts—as with all other
variables of interest in the present study—were assessed with
avalidated measure.

In conclusion, amost half the smokersin England areinterested
in using online smoking cessation interventions, and yet only

Brown et d

to support quit attempts. Clearly, ISCls 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. L ast, 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.

asmall proportion of smokers currently use these interventions
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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 | nternet-based multiple
computer-tailored program only and care as usual.

Methods: The economic evaluation was embedded in arandomized controlled trial, for which 91 practice nurses recruited 414
eligible smokers. Smokerswere randomized to receive multipletailoring and counseling (n=163), multipletailoring only (n=132),
or usua 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
eval uation was conducted from asocietal 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 apractice nurse. Although the I nternet-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
theinterpretation of cost-effectivenessresults, future research should aim at identifying an acceptabl e cutoff point for thewillingness
to pay per abstinent participant.

(J Med Internet Res 2013;15(3):€57) doi:10.2196/jmir.2059
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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 severa 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 hedth, but aso 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 genera practitioner is one of these effective
smoking cessation interventions [8]. However, genera
practitioners and practice nurses often report alack of timeand
skillsto providetheir 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, aquestionnaireis used asascreening
instrument [12,18,19]. The answers smokers provided on the
guestions in this screening instrument are accumulated into a
large data file and are subsequently matched with relevant
feedback messages that are ultimately combined into atailored
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 areincreasingly delivered online
[23,24], the integration of an Internet-based computer-tailored
program in the general practice setting might limit the burden
on heath professionas and patients, reduce facility and
administrative costs, and could potentialy 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 devel oped a smoking cessation

http://www.jmir.org/2013/3/e57/
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intervention consisting of Internet-based multiple computer
tailoring and a single tailored counseling session by a practice
nurse.

Despitethe 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 devel oped [26-28].
However, the interventions studied all involved the use of
smoking cessation medication and investigated the
cost-effectiveness of referralsto 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 professional swas successful inincreasing abstinencerates
and quality-adjusted life years (QALY's) 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 asingletailored counseling session by apractice
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 usualy 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 stepsin economic evaluation studies.

Smit et al

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 usualy valued in QALY s gained or lost.

Step 4. Calculation of a cost-effectivenessratio

When comparing two interventions, an incremental cost-effectivenessratio (ICER) can be calculated: | CER=(C;—C,)/(Ei—E¢). When comparing more
than 2 interventions, a net monetary benefit (NMB) should be calculated using the willingness to pay (WTP): NMB=(E—E)xWTP~(C;—Cy). 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 I nternet-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 nursesworking in different Dutch
general practicesthroughout the Netherlands recruited smoking
patientsfor participation in the RCT. To aid recruitment, several
recruitment materialswere 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, participantswere
randomized into 1 of the 2 intervention groups (multiple
tailoring and counseling or multiple tailoring only) or into the
usua care control group. Randomization took place at the
participant level by means of acomputer software randomization
device.

Thetria design was approved by the Medical Ethics Committee
of Maagtricht 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

Participantswere eligiblefor 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.

http://www.jmir.org/2013/3/e57/

The Interventions

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

The I nternet-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 devel op severa other effective computer-tailored
programs [12,15,18]. While filling out the first online
guestionnaire (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 |etters 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 hisher 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 |etters 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.

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

Smit et al

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 ons. 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 smokerswho had not yet quit. The content of the counseling
session was devel oped to be as similar as possibleto the content
of the computer-tailored feedback and was also tailored to the
participant characteristics mentioned previoudly. After 6 months,
practice nurses wereinstructed to call their patientsto ask them
about their progresstoward 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].

Usual care [UC]

Multiple tailoring [MT]

-Multiple tailoring & counseling (MTC)

t =0 Baseline questionnaire

Mo intervention

t = 2 days after T j )
ekl 2nd questionnaire

set guit date *
Mo intervention
t= & weeks 3rd guestionnaire

v

Mo intervention

4t questionnaire

v

Mo intervention

t = 6 months

Sth questionnaire

Baseline questionnaire

Personalized feedback and set quit

2md guestionnaire

Short personalized feedback

3 questionnaire

4th guestionnaire

Personalized feedback

Sth questionnaire

Raseline questionnaire

Personalized feedback, set quit date®
and prompl lo make appointment

date with practice nurse

2md guestionnaire

v v

Short personalized feedback

3 guestionnaire

Personalized feedback Counselling session with practice
nurse

4th guestionnaire

v v

Personalized feedback & telephone
call by practice nurse

5t questionnaire

L =12 months
Cotinine test among respondents whoCotinine test among respondents whoCotinine test among respondents who
say to have quit smoking say to have quit smoking say to have quit smoking
I dentification, Measurement, and Valuation of Costs
M easurements

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 aphone call to
collect data.

http://www.jmir.org/2013/3/e57/

RenderX

The present economic evaluation study was conducted from a
societal perspective. Thisimpliesthat intervention costs, health
care costs, and patient costs were identified as relevant.
Intervention costs consisted of all coststhat 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 costsin the usual care group were considered zero
because no intervention materials needed to be developed for
this group. Health care costsrelated 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, aternative 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 asreflected 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
guestionnaire 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 tail oring program was tracked
by computer-registered log-in and log-out data. To assesstime
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 analysisin 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 owest
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 pricesfor 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 therecruitment period. Asaresult, therewere
no reasons to discount volumes of health care consumption or
effects.

| dentification, 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

http://www.jmir.org/2013/3/e57/
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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 Fagerstrom Test for Nicotine Dependence (FTND;
O=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 lifeimpliesthat utility scores
need to be computed. In the present study, utilities were
measured by the EuroQol EQ-5D [34,50], which isthe 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
haveto indicatetheir 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 curveisthe 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 QALY s gained or lost
during the 12-month follow-up period [34]. For example,
gaining 1 QALY meansthat 1 year is gained in perfect health,
whereas gaining 0.8 QALY meansthat 1 year isgained 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 datafor 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%
confidenceintervalsin percentiles[34]. To comparethe 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-effectivenessratio (ICER) was cal cul ated to compare costs
and effects between pairs of study groups according to the
following formula: ICER=(C,—C.)/(E—E.). In this formula, C;
isthe adjusted annual costs of the intervention group, C; isthe
adjusted annual costs of the control group, E; is the adjusted
effectsfor theintervention group, and E. 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
(E—E)*xWTP—C,—C,). Inthe present study, we used aWTP 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
dightly 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).

http://www.jmir.org/2013/3/e57/
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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
multipletailoring group, thismeant an increase in program costs
from €7.70 to €82.24 per participant.

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

Results

Sample Characteristics

Of the 414 participantswho 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 datawere available for 414 (100%) participants
for abstinence measures, 409 (98.8%) for addiction level, and
384 (92.8%) for QALYSs.

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
(Table2). No differenceswere found between the 3 groupswith
regard to any specific type of health care—related costs (Table
2), nor regarding effects on abstinence, QALY's, or addiction
level assessed at 12-month follow-up (Table 3).
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Table 1. Comparability of the 3 groups, multipletailoring and counseling (M TC), multipletailoring (MT), and usua care (UC), regarding demographics,
baseline values of outcomes, and health care-related costs over the past 3 months (N=414).

MTC MT uc
Variable (n=163) (n=132) (n=119) F (df) X2 (df) P
Age, mean (SD) 48.1(12.0) 47.8 (12.5) 48.1(11.3) 0.03 97
(2,406)
Male, n (%) 60 (36.8) 41.2 (54) 42.9(51) 12(2) .56
Educational level, n (%) 1.9(2) .76
High 39(23.9) 30 (22.9) 24(20.2)
Medium 68 (41.7) 63 (48.1) 56 (47.1)
Low 56 (34.4) 38(29.0) 39(32.8)
Chronic diseases
Cardiovascular diseases, n (%) 27 (16.6) 17 (13.0) 18(15.1) 0.7 (2 .69
Respiratory diseases, n (%) 38(23.3) 44 (33.6) 36 (30.3) 4.0 (2) 14
Diabetes, n (%) 8(4.9) 6(4.6) 7(5.9) 0.2(2) .89
Cancer, n (%) 10 (6.1) 12(9.2) 8(6.7) 11(2) .59
Cigarettes smoked per day, mean (SD) 20.6 (10.3) 235(23.2) 21.5(15.5) 114 32
(2,411)
FTND? score (range 0-10), mean (SD) 53(2.2) 5.6 (2.0) 53(2.1) 0.94 .39
(2,406)
Utility, mean (SD)® 0.8(0.2) 0.8(0.2) 0.8(0.2) 0.60 .55
(2,375)
Health care—related cogts (€), © mean (SD) 425.9 (1506.9) 286.9 (436.6) 236.9 (474.0) (léls?eg) 31
General practitioner 53.2 (50.2) 61.0 (73.2) 49.7 (55.1) 111 .33
(2,380)
Medical specidist 65.4 (132.1) 78.6 (170.9) 87.6 (202.8) 0.57 57
(2,373)
Hospital 206.9 (1371.3) 50.9 (205.2) 47.9 (230.8) 147 23
(2,378)
Alternative healer 5.1(25.1) 9.4 (41.6) 49(24.2) 0.84 44
(2,379)
Mental health care 30.3(133.5) 24.3(100.8) 38.2(186.5) 0.27 .76
(2,380)
Prescribed and OTC medication 26.7 (78.8) 36.4 (95.5) 13.6 (58.4) 237 10
(2,381)
Medical aids and assistive devices 1.7 (4.1) 3.4 (12.6) 1.9(4.8) 173 18
(2,380)
Other care 26.0 (268.3) 19.2 (166.4) 12.5 (65.7) 0.15 .86
(2,379)

@ Fagerstrom Test for Nicotine Dependence (O=not addicted, 10=highly addicted)
b Based on the Dutch agorithm for the EQ-5D scores.

€ Costs for prior 3 months.
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Table 2. Mean annual costs? per participant inthe MTC, MT, and UC groups.

Smit et al

Cost type Costs per group (€) 95% CIP
mean (SD)ID
MTC MT uc MTC-MT uc-MmT MTC-UC
Fixed costs
Intervention costs(n=384) 57.70 7.70 0
Health care—related costs
General practitioner 157 (14) 180 (27) 139 (17) -86.1t032.3 -105.8t0 15.5 -25.4t061.4
(n=384)
Medical specialist (n=374) 298(52) 251 (62) 224 (48) -115.8t0 198.1 -188.3t0 116.6 -61.2t0213.8
Hospital (n=380) 610(288) 267(106) 172 (84) —139.7 t0 1054.7 —374.0t0 161.1 -17.0t0 11334
Alternative healer (n=382) 17 (6) 29 (13) 18 (9) -429t013.7 -43.1t018.6 -23.4t018.8
Mental hedlthcare(n=384) 106 (39) 95 (34) 131 (72) -92.210109.8 -97.1t0209.4 —200.2t0 111.9
Prescribed and OTC 148 (24) 144 (30) 90 (23) —72.7t079.1 -129.6t0 18.5 -9.01t0 124.6
smoking cessation medica
tion (n=384)
Smoking cessation aids 20 (10) 15 (10) 19 (14) 21610325 —27.9t041.0 34410323
(n=384)
Other care (n=382) 122(87)  21(12) 41 (22) -15.9t0 293.6 —24.7t072.4 -45910 281.7
Overdl hedth carerelated 1564 (338) 1016 (158)  761(122)  -95.4t01381.4 —642.2 0 139.1 194.3-1611.8
costs (n=370)
aVolumes 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 inthe MTC, MT, and UC groups.
Effects MTC MT uc F (df) X2 (df) P
Prolonged abstinent (n=414), n (%) 14 (8.6) 20 (15.2) 12 (10.1) 34(2) 19
QALY (EQ-5D)%(n=384), mean (SD) 0-86 (0.15) 0.83(0.21) 0.84 (0.21) 0.89 (2,381) 41
7 days abstinent (n=414), n (%) 20(12.3) 27(20.5) 15 (12.6) 4.6 (2 .10
FTNDP score (n=409), mean (SD) 476 (241) 5.21 (2.30) 4.81(2.46) 1.40 (2,406) 25

@Based on the Dutch algorithm for the EQ-5D scores.

b Fagerstrom Test for Nicotine Dependence (O=not addicted, 10=highly addicted); reversed range.

Cost-Effectiveness Analyses

Table 4 showsthat for participantsin the multipletailoring and
counseling group costs were higher, whereas effectswere lower
than in the usual care and multiple tailoring groups; thus,
multiple tailoring and counseling was dominated by the other
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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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Table4. Incremental costsand effects per abstinent smoker and per QALY gained for the MTC, MT, and UC groups with awillingness-to-pay threshold

of €18,000.

Intervention Incremental costs (€)

Incremental probability®

Incremental costs” €)

Prolonged abstinence ¢

uc
MT vsUC 255
MTCvsUC 806
MTCvsMT 551
QALY (EQ-5D) f
uc
MT vsUC 255
MTC vsUC 806
MTCvsMT 551

-.02

-07

-01

5100
Dominated?

Dominated®

Dominated?
40,300
18,367

8 Probability of being abstinent/gaining 1 QALY.

b per abstinent participant or per QALY; calculated according to the formulal CER/ICUR=(Ci—C,)/(Ei—E,); additional information availablein Multimedia

Appendix 1.

€ Coded as 1=not abstinent and 2=abstinent.

1 CER=-40.300.

€ |CER=-7.871.

" Based on the Dutch agorithm for the EQ-5D scores.
91CUR=-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 visualy
displayed in the cost-eff ectiveness 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
preval ence abstinence, a high probability was found (ie, 88%,
with aWTP 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 QALY's gained, Table 4 shows that multiple
tailoring was dominated by usual care because this treatment

http://www.jmir.org/2013/3/e57/

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
usua care and multiple tailoring in increasing the number of
QALY sgained. Thisresulted in anincremental 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 thisthreshold
valueto €0 led to anincreased probability that usual carewould
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. Theseresultsarefurther
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.

Type of analysis Group, n Probability of highest net monetary benefit® %
MTC MT uc MTC MT uc
Primary analysis
Prolonged abstinencef 145 121 104 0 78 21
QALY (EQ-5D)° 145 121 104 18 18 64
Secondary analysis
7-day ppa® 145 121 104 1 83 11
FTND score® 135 115 96 50 6 45
Sensitivity analysis ©
Prolonged abstinence’ 145 121 104 1 76 24
145 121 104 19 15 66

QALY (EQ-5D)°

Aith awillingness-to-pay threshold of €18,000.
bBased on the Dutch agorithm for the EQ-5D scores.
Cppa: point prevalence abstinence.

4FTND: Fagerstrom Test for Nicotine Dependence (O=not addicted, 10=highly addicted).
€Increase in program costs from €57.70 to €141.89 (MTC group) and from €7.70 to €82.24 (MT group) caused by theinclusion 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.
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Discussion . pres y S ;
multiple computer-tailored smoking cessation program would
Main Findings probably be the most cost-effective of the 3 treatments under

To our current knowledge, thiswas 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
I nternet-based multiple computer-tailored program and tailored
counseling by their practice nurse reported significantly more
annual health care-related costs than participants who received
careasusua. 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
participantswho received the Internet-based program only might
have had the same tendency, the practice nursesfor 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], thisis not unlikely. Interestingly, though the significant
difference in total hedth care-related costs could not be
explained by a difference in any particular type of heath
care-related costs. For instance, no significant differenceswere
found with regard to costs spent on general practitioner or
practice nurse consultations or on the use of smoking cessation
aids.

http://www.jmir.org/2013/3/e57/

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. Thisisdightly more than what wasfound
in previous studies[59,60]. However, one of these studies only
included costsdirectly related to the interventions received [59],
whereas we conducted our economic evaluation from abroader
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 existswith regard to smoking abstinencerates.
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 bethe most preferable of the treatments studied.
A potential explanation for this finding might be that the
follow-up period of 12 monthswas not sufficiently long for the
beneficial effects of the intervention on smoking abstinence to
betranslated into detectable changesin quality of life, asrecent
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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
asinput for amodel 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 inthe
results presented [ 34, 60]. Another solution would beto lengthen
thefollow-up period of clinical trialsto gather longer-term data
on quality of life. Although thismight 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 thisfinding need to be sought. One such explanation might
bethat within Dutch general practices, care asusual 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,
aprimarily Internet-based program might have been perceived
as more distant and less intense than care as usual. As aresullt,
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
I nternet-based smoking cessation intervention, something that

Smit et al

has not been done beforeto 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  specificaly,
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
atrition seem to be inherent to many Internet-based
interventions and dropout rates of 44% are not uncommon
[24,65-67]. Asaconsequence, however, there was not sufficient
power for usto 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,
dlightly more partici pants were randomized into thisintervention
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
intheusual 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 asthe 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 acceptabl e cutoff point for the WTP per abstinent
participant.
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Economic evaluation studies in a nutshell.
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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 ]
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Multimedia Appendix 3
CONSORT-EHEALTH checklist V1.6.2 [68].
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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.
Theimpact on online CBT was also diluted by offering participants other choices of destinations. Measuring theimpact on LLTTF
usewas difficult asthe total number using LLTTF waslessthan 5% of all users and record linkage across websiteswasimpossible.
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: clinicatrials.gov (Registration No. NCT01469689); http://clinicaltrials.gov/ct2/show/NCT01469689
(Archived by WebCite at http://www.webcitation.org/6EtTthDOp)
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Introduction

Lessthan 60% of peoplewith diagnosable depression or anxiety
seek formal help from practitioners; this represents a significant
treatment gap [1]. The remainder may access informal care,
aternative 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
arelooking for [3], possibly dueto 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 isrecommended 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 MoodGY M [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 areasis small [12], and although
other packages such as MoodGym may bein 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 thisinclude 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. Weblinksfrom
arange of existing sites have also been used in research studies,
often routinely as part of a*“recruitment package’ (eg, [22] and
LLTTFislinked from sites such asthe English National Health
Service's (NHS) website NHS Choices [28]), but we were
unaware of any study of weblinksrestricted to local organization

http://www.jmir.org/2013/3/e45/

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 rigorousway 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 areawhere thereis no advertising,
we can then assumethat any differenceisdueto the advertising.
We can therefore estimate its cost effectivenessin terms of cost
per new user. Subsequently, we can decide if it is worth using
online advertising to raise awvareness, 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 objectiveswereto 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 sourcesto 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  clinicatrialsgov  (Registration  No.
NCT01469689).
Design

This was a pilot cluster RCT of recruitment interventions for
online CBT for depression. We compared two online recruitment
interventionswith acontrol without intervention. The pilot RCT
had 4 arms: (A) geographically targeted paid AdwWords, (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
thetwo CBT websites, and (2) numbersregistering with LLTTF.
We documented costs and explored intervention and assessment

Jones et al

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).
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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 alocated to the 4 arms of the
trial (three interventions and control). Randomization was not
blind.

Sample

Each arm of the study had atotal 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 oldsin 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

http://www.jmir.org/2013/3/e45/

Samaritans

NHS Choices

at the top of thelist 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 17" to November 30", 2011. In the 8 areasin 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 17". Arm D was a
control arm with no recruitment intervention.

Google AdWords

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

19" asone campaign with adaily 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 mileradiusfor al 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
imbalancein 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 thetarget area. Radiustargeting (rather than polygon
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targeting) was used for all areas from October 19" to November
30", The dai ly budget was increased to £16.10 (9.3 pence per

Figure2. Google Advert.

Jones et al

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

Free help for depression

MHS recommended sites
Free and easy to use
onlinehelpfordepression.org.uk

We originally asked AdWords to display the advert for the
keyword of depression. AdWords suggested other similar
keyword combinations and we accepted al 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.

L ocal Weblinks

Google searches were used to identify organizations in 8
postcode areas (arms B and C) with websites to place adverts
(weblinksto our project website) on local free access websites.
In our search we included websites such asloca GP surgeries,
local media websites including newspaper, TV, radio, further
and higher education institutions, and community-based or local
charity websites. Intotal, 180 emailswere 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
(seeMultimedia Appendix 1 for screenshots). Computer I nternet
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 areaand to complete the Patient Health Questionnaire
(PHQO9) [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 datato 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 al visitors of LLTTF, identifying those referred by

http://www.jmir.org/2013/3/e45/

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,
signifiesacommitment to use the site serioudly. 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 atime 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 locdl 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 sitehad atotal of 8231 visits, the mgjority (97%,
7980/8231) from Google advertsand 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 ratesrelative 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
relativeto 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).

Wasit Possibleto 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

http://www.jmir.org/2013/3/e45/
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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 visitsto 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 al 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
lesslikely 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 armsthat 10% (1067/10569) of al 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 thiswas still not significant and
Nottingham (in the control arm D) had a 6% increase. Two of
the small Scottish island postcode areas may haveincreased but
their populations are small, the confidence intervalson 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 17 - November 30 2011). Shaded boxes show
numbers for the two outcomes.
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Table 1. Number of people on OHFD with depression (PHQ>5) choosing online CBT and LLTTF, registering on LLTTF, annua rate per 100,000
estimated depressed registering on LLTTF before and during interventions, by postcode area, and trial arm.

Outcome 1

People on OHFD with depression choosing on-

lineCBT and LLTTF

Intervention period

Outcome 2

Peopleregistering on LLTTF beforetheintervention (Jan-Apr 2011)
and during the intervention (Apr-Nov 2011)

Before intervention

Intervention period

Apr-Nov 2011 Jan-Apr 2011 Apr-Nov 2011
Estimateof  People Annud rateper  People with Reg? Annual rate per Reg? Annua rate per
peoplewith  with 100,000 depression 100,000 depressed 100,000 depressed
) ) ho chose LLTTF LLTTF
depression  depression  depressed \II_VLTTF (95% Cl) (95% Cl)
WhF) chose (95% Cl)
online
CBT
ArmA
Liverpool 42,173 155 588 111 38 360 129 489
L) (495-681) (246-475) (405-574)
Redhill 24,721 49 317 34 59 955 94 608
(RH) (228-406) (711-1198) (485-731)
Lancaster 16,299 42 412 27 44 1080 73 717
(LA) (288-537) (761-1399) (552-881)
Harrogate 6668 7 168 6 19 1140 40 960
(HG) (44-292) (627-1652) (662-1257)
Total 89,860 253 450 178 160 712 336 598
(395-506) (602-823) (534-662)
Arm B
Leeds 36,867 24 104 16 69 749 171 742
(LS (62-146) (572-925) (631-853)
Southend 24,660 12 78 8 55 892 130 843
(SS) (34-122) (656-1128) (698-988)
Slough 16,882 10 95 6 22 521 59 559
(SL) (36-154) (303-739) (417-702)
Kirkwall 2505 1 64 0 17 2715 30 1916
(KW) (-61-189) (1424-4005) (1230-2602)
Total 80,914 47 93 30 163 806 390 771
(66-120) (682-929) (695-848)
ArmC
London 39,167 104 425 77 86 878 170 694
(sw) (343-506) (693-1064) (590-799)
Kingston 24,505 72 470 50 36 588 75 490
(KT) (362-579) (396-780) (379-601)
Darlington 17,074 21 197 15 37 867 78 731
(DL) (113-281) (588-1146) (569-893)
Shetland 1099 1 146 1 5 1819 18 2620
(ZE) (-140-131) (225-3414) (1409-3830)
Total 81,846 198 387 143 164 802 341 667
(333-441) (679-924) (596-737)
ArmD
Nottingham 54,012 10 30 8 102 755 272 806
(NG) (11-48) (609-902) (710-902)
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Outcome 1

People on OHFD with depression choosing on-

lineCBT and LLTTF

Intervention period

Outcome 2
Peopleregistering on LLTTF before theintervention (Jan-Apr 2011)
and during the intervention (Apr-Nov 2011)

Before intervention Intervention period

Apr-Nov 2011 Jan-Apr 2011 Apr-Nov 2011
Estimateof  People Annual rateper  Peoplewith Reg? Annual rate per Reg? Annual rate per
peoplewith  with 100,000 depression LLTTF 100,000 depressed LLTTF 100,000 depressed
depression  depression  depressed who chose (95% Cl) (95% Cl)
who chose (95% C|) LLTTF
online
CBT
Oldham 22,190 3 22 1 42 757 69 498
(oL) (-3-46) (528-986) (380-615)
Dudley 19,882 4 32 4 30 604 56 451
(DY) (1-64) (388-820) (333-567)
Hebrides 1325 0 0 0 4 1207 15 1811
H9) (0-0) (24-2391) (895-2728)
Total 97,409 17 28 13 178 731 412 677
(15-41) (624-838) (611-742)
Study total 35,0028 515 235 364 665 760 1479 676
(215-256) (702-818) (642-711)
Other areas 25,04345 1791 114 1130 5613 897 11894 760
(119-120) (873-920) (746-773)
E, W, and S 28,54373 2306 129 1581° 6278 880 13,373 750
(124-135) (858-902) (737-762)
Gregistrations

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

o).

Validity Check on L ocation

As avalidity 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
LLTTFwasseenin oneof 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).

Sizeof thelmpact on LLTTF

Ignoring the stated locations of those clicking through to
LLTTF, weseethat 1581 clicked throughto LLTTF in the study

http://www.jmir.org/2013/3/e45/

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 participantsfrom clicking on an advert
to registering on LLTTF, having an impact on the total number
registering from each area would have been lessimportant.

JMed Internet Res 2013 | val. 15 | iss. 3 [e45 | p.78
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Jones et al

Figure 4. Number of visitsto LLTTF according to Google Analytics. Top graph shows Liverpool, middlie Nottingham, and the bottom graph shows

ALL UK visits between January and November 2011.
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Just under 8000 (7980/8231, 97%, Figure 3) visits to OHFD
camefrom 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 continuewith
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 17" to October 19", we set a daily budget of £7.50 (4.4
pence per 1000 popul ation) 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.

http://www.jmir.org/2013/3/e45/

RenderX

To counter this and to better understand the responses in each

area, on October 19", anew campaign in which each postcode
areahad 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 thelast 60 dayswas 29.3 (1759/60) compared
t0 34.2 (6291/184) inthefirst 184 days. Thismethod (restricting
the spending on London SW) also resulted in ahigher cost/click
overal, 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 Analyticstrying 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
aPHQ9>5inarmsA and C (thetarget group, Figure 5). Seventy
hours were spent trying to contact owners of local websites to
set weblinks, which if set at £10/hour, givesatotal cost of £700
for arm B. Thisrepresents £14.89 per person for the 47 people
inarm B (Figure 5).
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Figure5. Participant flow diagram showing randomization to the 4 arms of the study.
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Table 2. Paymentsto Google for AdWords campaign.
Area Maximum daily Average daily spend  Clicks Cost Cost per click
budget
April 17" -October 19" (184 days) 2011 single campaign
All £7.50 £7.07 6291 £1,301.04 £0.21
8individual campaigns by area October 20t"-November 30 (60 days)
Liverpool £3.84 £2.37 365 £142.45 £0.39
London SW £3.56 £2.48 886 £148.83 £0.17
Redhill £2.24 £1.19 182 £71.65 £0.39
Kingston £2.22 £1.43 174 £85.99 £0.49
Darlington £1.56 £0.76 66 £45.72 £0.69
Lancaster £1.48 £0.68 64 £40.61 £0.63
Harrogate £0.60 £0.08 21 £4.60 £0.22
Shetland £0.60 £0.00 1 £0.29 £0.29
Tota £16.10 £9.00 1759 £540.14 £0.31
User Panel Which Interventions Seemed to Work?

Intotal, wewere ableto recruit 12 panel membersand all arms,
but not all postcode areas, of the study were represented by
either an ex-user of LLTTF or amember of an IAPT team. No
other local interventions were identified via the user panel but
the panel was ableto 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 thistotal 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 reduceinequalitiesin accessto 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.

http://www.jmir.org/2013/3/e45/

We have found that using AdWordsis 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 1abour
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
therewere 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
participantsin atrial 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-rel ated news groups, but the authors did not
compare these methods and the study was global [22]. Overall
1in 5 come to LLTTF from a weblink and various national
website including NHS Choices and Roya College of
Psychiatrists already have links to online CBT [34] and other
nationwide charity websites may bewilling to include weblinks.
However, pursuing local websites such as primary care health
centresto 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 Issuesto 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. Themain problemswereleakage
so that its effect was greatly diluted, problems in linking data
across websites so that the impact of advertising waslost inthe
large numbers using LLTTF, and possible confounding factors.
Thedose 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. Thiswas 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 thearea“edge” . Second, there was|eakage caused
by offering too many choices of destination to participants. We
had included both MoodGym and LLTTF asthe 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
ableto follow participantsto 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 adefinitivetrial will befeasible, 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 participantsto LLTTF, and by reducing losses from
location targeting from 76% to 20%, we would reduce the
leakage from 94% to 47%.

Record Linkage and I nsufficient Dose

We were not able to track individuals from OHFD to LLTTF
and therefore could only use the overall datato 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

http://www.jmir.org/2013/3/e45/
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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 dightly 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 islikely 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 anincreasein 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 aresult of a presentation given
to practitioners by one of the authors (CW) to a nationa
conferencethat overlapped with asurge 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 loca campaigns, could impact on
intervention or control areas. For that reason, we had attempted
to monitor al areasviathe user panel. This pilot study suggested
that, to avoid an overdue influence of one postcode area
(cluster), each arm needs many morethan 4 clusters. Aswe 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 al postcode areasin
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
thisis 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 studiesin Britain.

Other Changesto I mprovethe 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 areaon 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 | Ps from one website to another using time of day made
thisimpractical. LLTTF currently ask participantsfor 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 areaassociated
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 siteregistered. 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
wereno longer directly comparable with those collected earlier.
Although we were able to compare the relative differences
between regionsin 2009 with 2011, by creating an index of use
based on thelowest 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
L atino smokersin an evidence-based I nternet 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
rateson LLTTF. Although it would be important not to have a
grossly imbalanced sample, the need for a greater number of
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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 factoria design with more than one
recruitment intervention would be difficult. On the other hand,
for practitioners seeking to increase recruitment using amix of
all possible methods, more than one recruitment intervention
would seem to be sensible.

Conclusionsfor Practitionersand Policy Makers

Our pilot study confirms other research that many people search
onlinefor help with mental health issues[2] such asdepression;
our advert was displayed 673,074 times in just over 7 months
for atotal targeted population of 3.5 million. Anecdotally, in
discussing thisresearch, many practitioners responded by saying
“1 never click on adverts’ but our pilot has shown that nearly
8000 peopleclicked 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
thereisno need for online advertising. Thismay betrue 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 waslow, and was significantly increased
for a naive 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
itin alocation targeted RCT.

Although the results of the weblinksin this pilot study was not
as expected and will be excluded from this research design
(unlessabetter method of placing local weblinks can befound),
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 alocation targeted clusters RCT) or
very local (researcherslikely 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 isthat professionalsin 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 areain the control
group. So it may be that continuing professional devel opment
and raising awareness among professional s 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-eff ectiveness of improving access via professional s versus
direct to patient methods, but in the meantime, practitionersand
policy makers should keep online advertising as an option.

Conclusionsfor 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
apoint, 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 aso
previously described other design issues with using AdwWords
including the need for separate campaigns for each postcode
area[10].

Confounding Factors

Ideally, such atrial would have a large number of clustersin
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 aslocal mediacampaigns 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 aminimum
at the postcode area level, our design of 2-arms of 16 postcode
areas each, till included a city representing 17% of that arm.
Thiswas dlightly risky for introducing confounding factors but
wasthebest we could do. In abigger country such asthe 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
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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 numbersarriving 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 thistype 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 atria 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 isin the range of
300-500 people. The best design (as described above) isto have
alarger dose of advertising over a shorter period rather than a
small dose over alonger period.

Limitations

We cannot be sure how the findings of this study would trandlate
to other countries and there is no guarantee that location
targeting of online advertising will continue to be available in
thisform. 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 solutionsfrom 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 sourcesfrom 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, athough Analyticsmay claimto report uniquevisitors,
we cannot verify that claim and it would be impossible for
Analytics to differentiate between two individuals using the
same computer (1P address) and one person with two emails
using the same computer. LLTTF only collects emails of those
who register. It islikely, 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 alarge 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% Cl 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% Cl
0.74-0.87; P<.001), 1.17 times as many pages (95% Cl 1.06-1.31; P=.003), and spent 1.37 times more minutes online (95% ClI
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 asimilar number of content areas as personsreceiving no reminders, viewed 1.58 times as many pages (95% Cl 1.48-1.68;
P<.001), and spent 1.51 times as many minutes online (95% Cl 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/6F7H71r3P)
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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
offersmany advantagesfor 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 thereisonly moderate evidence
for the effectiveness of Internet-based cessation programs at
thistime [3,4]. Differences in effectiveness could be related to
differencesin 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 aprogram ismore effective (in fact, people may not return
to the program because it was effective in hel ping 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 programsin which intervention exposure
isleft up to the self-direction and motivation of the individual
user. Evidence supports the importance of message source and
the level of persona 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 thisissue.

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

http://www.jmir.org/2013/3/e69/

[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 morelikely to interact
with theintervention shortly after joining the program, reflecting
their initial motivation to participate. Future analyseswill report
on the long-term effects of each design factor on smoking
abstinence and treatment utilization, the main outcomesfor 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 aso reduce the absolute number of visits
if people feel they have maximized their interaction with the
website. Thus, it isimportant 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 testimonial s can transport readers
[25] and may result in greater behavior change [26]. In fact,
personally tailored testimonials were associated with higher
6-month abstinenceratesin prior research [27]. Finally, periodic
email reminders may encourage greater program utilization
[14,15] and, therefore, enhance trestment outcome (for further
discussion of therationalefor the selection of thesefactors, 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 onlineintervention content written in aprescriptivetone
(as opposed to amotivational 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 areturn to the sitewould visit the website
more often and spend more time viewing content as aresult. 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 smokersas part of their intervention. Thistype of narrative
is a common technique in persuasive messaging and can
facilitate information processing, provide surrogate socia
connections, overcome resistance, and address emotional
issues—all potentially important to behavior change [26].
Because the addition of the testimonial s confounded our ability
to examineits effects on thetotal number of content page views
or duration of exposure (because these participants had
additional content pagesto view), wewere only ableto examine
itseffectson total content areas viewed and visitsto thewebsite,
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 elsawhere [28].
Details and information about the trial specific to the current
hypotheses are summarized subsequently.

Setting and Population

This study was acollaboration between Group Health Research
Ingtitute 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 materias, surveys, and
protocols) were approved by the institutional review boards at
Group Health Research Institute and the University of Michigan.
The study isregistered 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 initia 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 (yesvsno), and inclusion of personally tailored
testimonials (yes vs no). Randomization to each factor was
balanced acrossthetrial armsto control for their effectson each
factor of interest and stratified by baseline readiness to quit
smoking. Interested readers are referred to McClure et a [28]
for amoredetailed discussion of thefactorial design. Additional
discussion of the MOST methodology can be found in the
literature[17,18,32,33]. Thelong-term goal of thisprogrammatic
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research will be to combine the most effective factors to create
an optimized intervention and compare it to an empirically
validated control in afuture 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
smokersinterested in quitting, as well asthose with no interest
in quitting.

Individualsinterested in learning more about the program were
provided aunique log-in access codein theinvitation letter and
were directed to the study website where they were screened
for eligibility, provided consent, and were enrolled online.
People were €ligible if they were aged 18 years or older, a
current member of Group Health, smoked 100 cigarettesin 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 abasdline
assessment online and then were randomized to an intervention
arm using an automated al gorithm. Half of all participantswere
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 participantsto
enroll in the study more than once. Participants were blinded
to their group assignment.

Program Development

The program was devel oped 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 Ingtitute 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
areavailablein McClureet a [28]. Therewere no major changes
to the intervention design or content after study launch.
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Program Design and Core I ntervention 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 theintervention. Theintervention
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 aready
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 wasalso linked

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

000

About Q2 Contact

When you are not ready to quit

To Smoke or Not To Smoke?

When you are ready to quit

How Do I Quit?

McClureet a

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.

Q2 - If you have questions, we have answers. e

Edit Profile  Logout

When you already have quit

®
How Do I Stay Quit?

1. How do I stay quit?

What can others do to
help me after I quit?

Even though you're not ready to quit, it can't hurt
to think about how others around you could give
you ongoing support if you do decide to quit.

In this section, we'll help you make a plan so you

can figure out who and how to ask for
support - when the time is right.

Who would I ask for
support?

About you
Christie, here's what
from your user profild

content in this section,

« You turn to your parine!

2. What can others do to help me after
1 quit?

3. Say1do quit someday, what's to
keep me from slipping and smoking
again?

. A story: How others got through

+ The people who care mo
+ Youwouldn't mind if other people helped you figure out

how to quit smoking.

The first step is to think about who would support

you. These people would be your support team. Earlier in this program we reviewed who you told us would support you.
We also gave some ideas on howyou could ask them for help when preparing to quit. If you'd like to see that information

again, click here.
As a refresher, you said your support team might include...
* your pariner

« your sister
+ aclose friend

What would I tell my support team?

Tell people what kind of ongoing support
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Experimental Factors

Message Tone

Participantswere randomized to receive content written in either
aprescriptive or motivational tone. Prescriptive messaging was
written in a didactic tone and clearly advised smokers to quit
smoking and how to achieve this goal. Motivationa 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 thewebsite
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 aprespecified order. After this content was seen, they
were then free to navigate the site.

Proactive Emails

Participants were al so randomized to receive weekly proactive
email reminders or not. Email messages were standardized
across al 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 readinessto quit, accessto thisoptional content wasonly
avalable after they viewed al Web pages in their initial
stage-appropriate content area.

Testimonials

Participants were randomized to receive 3 highly tailored
testimonial s 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 wasincluded 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 M easures

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
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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 |eft.

Intervention exposure was defined as any exposure to the core
intervention content. Visitsto 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
individual s1eft 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
participantswere appropriatel y randomized, baseline datawere
collected, and automated user statistics on program use were
being appropriately captured.

Analyses

The analytic sample included all individuals, regardiess of
exposure to the core intervention content, to take advantage of
the balancing effect of randomization on all covariates, measured
and unmeasured. Asaresult, any observed differences between
the randomized treatment groups are because of differencesin
the effect of theinterventions. If we had limited the analysesto
only those individual s 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 thisfactor 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 datafor each participant. We cal culated 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 areasvisited, ranging from
zero to 3. Estimates obtai ned from Poisson modelsare 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
asthe 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 cumul ative number of minutes spent viewing intervention
content each had alarger proportion of zeros than expected from
a Poisson distribution. Due to the inflated number of zeros we
used zero-inflated Poisson (ZIP) modelsto estimate the effects
of the factors on these 2 measures[36,37]. A ZIP model ismade
up of 2 parts: alogistic model that is used to model the excess
zeros in the popul ation and a Poisson model used to model the
mean of the outcome. In this analysis, the logistic portion of
each ZIP model used only anintercept 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,
wetreated the true viewing time for these page views as missing
valuesand imputed the viewing timefor 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 resultsfrom 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 previoudly with
theinclusion 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 Ingtitute, Inc, Cary, NC, USA) and all
analyses, including multipleimputations, were conducted using
Stataversion 12 (StataCorp LP, College Station, TX, USA).
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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

I ntervention 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 wereinterested in quitting within
the next month (38.26% vs 46.89%) indicating fewer wereready
to quit smoking at baseline. Among those individual swho 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% yesvs62.12% no), and testimonial s (61.52%
yes vs 64.48% no).

Program Engagement

Participants viewed the core content on atotal 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 amotivational tone, yielding
aratio 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% Cl 1.08-1.28; P<.001),
and 1.15 times more content pages (95% Cl 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% Cl 0.75-1.01; P=.06). Persons receiving
proactive email reminders had an average of 1.20 timesas many
website visits resulting in content views (95% CI 1.09-1.33;
P<.001), but visited asimilar number of content areas as persons
receiving no reminders. Individuals with proactive email
reminders viewed 1.58 times as many content pages (95% ClI
1.48-1.68; P<.001), and spent 1.51 times asmany minutesonline
(95% CI 1.29-1.77; P<.001). Persons required to view content

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

McClureet a

in adictated order based on their initial readiness to quit made
approximately the same average number of visitsas 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% Cl 1.06-1.31; P=.003),
and spent 1.37 times as many minutesonline (95% Cl 1.17-1.59;
P<.001). There were no significant differences in the average
number of visitsto the website or content areas viewed between
participants who did and did not receive the personally tailored
testimonials.

Characteristics Participants
Sex, n (%)

Female 1178 (63.16)
Race/ethnicity, n (%)

White, non-Hispanic 1534 (82.25)
Education level, n (%)

High school or less 524 (28.10)

Some college 944 (50.62)

College degree or higher 396 (21.23)
Employment status, n (%)

Employed 1287 (69.00)
Marital status, n (%)

Married/partnered 1052 (56.41)
Readinessto quit, n (%)

In next 30 days 815 (43.70)

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

Not thinking of quitting 234 (12.55)
Years smoked, mean (SD) 24.9(14.2)
Age (years), mean (SD) 44.2 (14.7)
Nicotine dependence (I—‘I’ND)b, mean (SD) 42(22)
Psychosocial factors (range 1-10), mean (SD)

Motivation for quitting 7.4 (2.5)

Self-efficacy for quitting 5.4 (2.6)

Importance of quitting 7.6 (2.6)

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

Factor level Prescriptive messagetone  Proactive emails Dictated navigation Tailored testimonial®
Ratio of means P Ratio of means P Ratio of means P Ratio of means P
(95% ClI) (95% CI) (95% CI) (95% Cl)

Website visits 1.00 .93 1.20 <.001 1.02 .70 0.92 A1
(0.90-1.10) (1.09-1.33) (0.92-1.13) (0.83-1.02)

Content areasviewed 1.17 <.001 1.08 .10 0.80 <.001 0.96 .30
(1.08-1.28) (0.99-1.17) (0.74-0.87) (0.88-1.04)

Content pageviews ~ 1.15 .009 1.58 <001 117 .003
(1.04-1.28) (1.48-1.68) (1.06-1.31)

Cumulative duration  0.87 .06 151 <.001 137 <.001
(0.75-1.01) (1.29-1.77) (1.17-1.59)

@ 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 analysesinvestigated the interaction between baseline
readinessto quit (ameasure of motivation) and each of the factor
levels, to determine if participants with different levels of
readinessto quit at enrollment engaged differently with the core
Q2 program (results not shown). Out of 17 testsfor interaction,
only 1 was statistically significant; the prescriptive tone resulted
in significantly less cumulative viewing time (ratio of means
0.54, 95% Cl 0.36-0.83) among those with no interest in quitting
inthe next 6 months, but had no significant effect on theviewing
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% Cl 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 providesinsight
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 al so increased
thetotal number of core content areas viewed and, as expected,
email prompts increased the number of visits to the website.
No other factorsincreased the number of content areas viewed
or number of visits made to view the core intervention content.

Theinclusion 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 wasto
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

http://www.jmir.org/2013/3/e69/
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because they had to view all content in their stage-matched
content area before gaining access to the other 2 content areas.
Thisbarrier likely deterred exposure to more content areas.

The findings suggest that using a prescriptive message tone,
dictating the order in which content isviewed 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
directivefactor levelswere preferable. Thiswas 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 isunclear 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 differencesin 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 participantsfailed to view any
of the coreintervention content during the first 2 months of the
study. The reason for this is not evident, but motivation for
quitting could play arole. 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 afull 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 |evel s 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 isjustified. 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 thiswould seem to be acritical 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
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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 thisimportant outcome and artificially
inflate exposure. Additionaly, although it is tempting to
interpret the interaction results as evidence that the prescriptive
tone was | ess 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, whichisaspecific counseling
technique. We can only comment on the application of severa
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 othersto 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

McClureet a

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 apublic 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.

Theresults 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.

Acknowledgments

This research was funded by the National Cancer Institute (R01 CA138598, JMcClure, PI). We are grateful to the contributions
of the many study team members at Group Health Research Institute and the University of Michigan. This includes the Group
Health Research Institute Survey Research Program, Melanie Mamiya, Roy Pardee, and Rebecca Hubbard for their assistance
designing and fielding the study, and Annie Shaffer for her assistance with the manuscript preparation. We al so thank the Center
for Health Communications Research at the University of Michigan, including Kate Barr, Janine Konkel, Mike Nowak, lan
Moore, Sarah Pennewell, and Ed Saundersfor their contributionsto the devel opment and conduct of the Q2 trial. Theintervention
evaluated in this study was devel oped by researchers at the Group Health Research Institute and University of Michigan.

Conflictsof Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6.2 [46].

[PDF File (Adobe PDF File), 1007KB - jmir_v15i3e69 appl.pdf |

References

1.  Centersfor Disease Control and Prevention (CDC). Annual smoking-attributable mortality, years of potential life lost, and
economic costs--United States, 1995-1999. MMWR Morb Mortal Wkly Rep 2002 Apr 12;51(14):300-303 [FREE Full text]
[Medline: 12002168]

http://www.jmir.org/2013/3/e69/ JMed Internet Res 2013 | val. 15 | iss. 3 |e69 | p.97

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i3e69_app1.pdf&filename=2b32a4605cca690fe39ad06987fe498e.pdf
https://jmir.org/api/download?alt_name=jmir_v15i3e69_app1.pdf&filename=2b32a4605cca690fe39ad06987fe498e.pdf
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5114a2.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12002168&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH McClureet a

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Levy DT, Graham AL, Mabry PL, Abrams DB, Orleans CT. Modeling the impact of smoking-cessation treatment policies
on quit rates. Am J Prev Med 2010 Mar;38(3 Suppl):S364-S372 [FREE Full text] [doi: 10.1016/j.amepre.2009.11.016]
[Medline: 20176309]

Hutton HE, Wilson LM, Apelberg BJ, Tang EA, Odelola O, Bass EB, et a. A systematic review of randomized controlled
trials: Web-based interventions for smoking cessation among adolescents, college students, and adults. Nicotine Tob Res
2011 Apr;13(4):227-238. [doi: 10.1093/ntr/ntq252] [Medline: 21350042]

Civljak M, Sheikh A, Stead LF, Car J. Internet-based interventions for smoking cessation. Cochrane Database Syst Rev
2010(9):CD007078. [doi: 10.1002/14651858.CD007078.pub3] [Medline: 20824856]

Strecher VJ, McClure J, Alexander G, Chakraborty B, Nair V, Konkel J, et a. Therole of engagement in atailored web-based
smoking cessation program: randomized controlled trial. JMed Internet Res 2008;10(5):e36 [ FREE Full text] [doi:
10.2196/jmir.1002] [Medline: 18984557]

Danaher BG, Boles SM, Akers L, Gordon JS, Severson HH. Defining participant exposure measures in Web-based health
behavior change programs. J Med Internet Res 2006;8(3):e15 [FREE Full text] [doi: 10.2196/jmir.8.3.e15] [Medline:
16954125]

Couper MP, Alexander GL, Zhang N, Little RJ, Maddy N, Nowak MA, et al. Engagement and retention: measuring breadth
and depth of participant use of an online intervention. JMed Internet Res 2010;12(4):e52 [FREE Full text] [doi:
10.2196/jmir.1430] [Medline: 21087922]

Fiore MC, Bailey WC, Cohen SJ, Dorfman SF, Goldstein MG, Gritz ER. Clinical practice guideline: Treating tobacco use
and dependence. Rockville, MD: US Department of Health and Human Services. Public Health Service; 2000 Jun. URL :
http://www.treatobacco.net/en/upl oads/documents/ Treatment%20Guidelines/

U SA %20treatment%20gui deli nes%20in%20English%202000. pdf [accessed 2012-12-18] [WebCite Cache | D 6D0aNL CHf]
Zbikowski SM, Jack LM, McClure JB, Deprey M, Javitz HS, McAfee TA, et a. Utilization of servicesin arandomized
trial testing phone- and web-based interventions for smoking cessation. Nicotine Tob Res 2011 May;13(5):319-327 [FREE
Full text] [doi: 10.1093/ntr/ntq257] [Medline: 21330267]

An LC, Schillo BA, Saul JE, Wendling AH, Klatt CM, Berg CJ, et a. Utilization of smoking cessation informational,
interactive, and online community resources as predictors of abstinence: cohort study. JMed Internet Res 2008;10(5):e55
[FREE Full text] [doi: 10.2196/jmir.1018] [Medline: 19103587]

Elfeddali I, Bolman C, Candel MJ, Wiers RW, de Vries H. Preventing smoking rel apse via Web-based computer-tailored
feedback: arandomized controlled trial. JMed Internet Res 2012;14(4):e109 [EREE Full text] [doi: 10.2196/jmir.2057]
[Medline: 22903145]

Richardson A, Graham AL, Cobb N, Xiao H, Mushro A, AbramsD, et al. Engagement promotes abstinence in a Web-based
cessation intervention: cohort study. JMed Internet Res 2013;15(1):e14 [FREE Full text] [doi: 10.2196/[mir.2277] [Medline:
23353649]

Schwarzer R, Satow L. Online intervention engagement predicts smoking cessation. Prev Med 2012 Sep;55(3):233-236.
[doi: 10.1016/j.ypmed.2012.07.006] [Medline: 22813919]

Schneider F, van Osch L, Schulz DN, Kremers SP, de Vries H. The influence of user characteristics and a periodic email
prompt on exposureto aninternet-delivered computer-tailored lifestyle program. JMed Internet Res 2012;14(2):e40 [FREE
Full text] [doi: 10.2196/jmir.1939] [Medline: 22382037]

Greaney ML, Sprunck-Harrild K, Bennett GG, Puleo E, Haines J, Viswanath KV, et a. Use of email and telephone prompts
to increase self-monitoring in a Web-based intervention: randomized controlled trial. J Med Internet Res 2012;14(4):e96
[FREE Full text] [doi: 10.2196/jmir.1981] [Medline: 22842775]

Crutzen R, Cyr D, de VriesNK. Therole of user control in adherence to and knowledge gained from awebsite: randomized
comparison between a tunneled version and a freedom-of-choice version. J Med Internet Res 2012;14(2):e45 [FREE Full
text] [doi: 10.2196/jmir.1922] [Medline: 22532074]

Collins LM, Murphy SA, Nair VN, Strecher VJ. A strategy for optimizing and evaluating behavioral interventions. Ann
Behav Med 2005 Aug;30(1):65-73. [doi: 10.1207/s15324796abm3001_8] [Medline: 16097907]

CollinsLM, Murphy SA, Strecher V. The multiphase optimization strategy (MOST) and the sequential multiple assignment
randomized trial (SMART): new methods for more potent eHealth interventions. Am J Prev Med 2007 May;32(5
Suppl):S112-S118 [FREE Full text] [doi: 10.1016/j.amepre.2007.01.022] [Medline: 17466815]

Burke BL, Arkowitz H, Menchola M. The efficacy of motivational interviewing: ameta-analysis of controlled clinical
trials. J Consult Clin Psychol 2003 Oct;71(5):843-861. [doi: 10.1037/0022-006X.71.5.843] [Medline: 14516234]
Heckman CJ, Egleston BL, Hofmann MT. Efficacy of motivational interviewing for smoking cessation: asystematic review
and meta-analysis. Tob Control 2010 Oct;19(5):410-416 [FREE Full text] [doi: 10.1136/tc.2009.033175] [Medline:
20675688]

Hettema JE, Hendricks PS. Motivational interviewing for smoking cessation: ameta-analytic review. JConsult Clin Psychol
2010 Dec;78(6):868-884. [doi: 10.1037/a0021498] [Medline: 21114344]

Lundahl B, Burke BL. The effectiveness and applicability of motivational interviewing: a practice-friendly review of four
meta-analyses. J Clin Psychol 2009 Nov;65(11):1232-1245. [doi: 10.1002/jclp.20638] [Medline: 19739205]

hittp:/Awww.j mir.org/2013/3/e69/ JMed Internet Res 2013 | vol. 15 | iss. 3 [e69 | p.98

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20176309
http://dx.doi.org/10.1016/j.amepre.2009.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20176309&dopt=Abstract
http://dx.doi.org/10.1093/ntr/ntq252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21350042&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007078.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20824856&dopt=Abstract
http://www.jmir.org/2008/5/e36/
http://dx.doi.org/10.2196/jmir.1002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18984557&dopt=Abstract
http://www.jmir.org/2006/3/e15/
http://dx.doi.org/10.2196/jmir.8.3.e15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16954125&dopt=Abstract
http://www.jmir.org/2010/4/e52/
http://dx.doi.org/10.2196/jmir.1430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21087922&dopt=Abstract
http://www.treatobacco.net/en/uploads/documents/Treatment%20Guidelines/USA%20treatment%20guidelines%20in%20English%202000.pdf
http://www.treatobacco.net/en/uploads/documents/Treatment%20Guidelines/USA%20treatment%20guidelines%20in%20English%202000.pdf
http://www.webcitation.org/6D0aNLCHf
http://europepmc.org/abstract/MED/21330267
http://europepmc.org/abstract/MED/21330267
http://dx.doi.org/10.1093/ntr/ntq257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21330267&dopt=Abstract
http://www.jmir.org/2008/5/e55/
http://dx.doi.org/10.2196/jmir.1018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19103587&dopt=Abstract
http://www.jmir.org/2012/4/e109/
http://dx.doi.org/10.2196/jmir.2057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22903145&dopt=Abstract
http://www.jmir.org/2013/1/e14/
http://dx.doi.org/10.2196/jmir.2277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23353649&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2012.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22813919&dopt=Abstract
http://www.jmir.org/2012/2/e40/
http://www.jmir.org/2012/2/e40/
http://dx.doi.org/10.2196/jmir.1939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22382037&dopt=Abstract
http://www.jmir.org/2012/4/e96/
http://dx.doi.org/10.2196/jmir.1981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22842775&dopt=Abstract
http://www.jmir.org/2012/2/e45/
http://www.jmir.org/2012/2/e45/
http://dx.doi.org/10.2196/jmir.1922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22532074&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm3001_8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16097907&dopt=Abstract
http://europepmc.org/abstract/MED/17466815
http://dx.doi.org/10.1016/j.amepre.2007.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17466815&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.71.5.843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14516234&dopt=Abstract
http://europepmc.org/abstract/MED/20675688
http://dx.doi.org/10.1136/tc.2009.033175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20675688&dopt=Abstract
http://dx.doi.org/10.1037/a0021498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21114344&dopt=Abstract
http://dx.doi.org/10.1002/jclp.20638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19739205&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH McClureet a

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.
41.

42.

43.

45,

46.

Vasilaki El, Hosier SG, Cox WM. The efficacy of motivational interviewing as a brief intervention for excessive drinking:
ameta-analytic review. Alcohol Alcohol 2006;41(3):328-335 [FREE Full text] [doi: 10.1093/al calc/agl016] [Medline:
16547122]

Hettema J, Steele J, Miller WR. Motivational interviewing. Annu Rev Clin Psychol 2005;1:91-111. [doi:
10.1146/annurev.clinpsy.1.102803.143833] [Medline: 17716083]

Green MC, Brock TC. Therole of transportation in the persuasiveness of public narratives. J Pers Soc Psychol
2000;79:701-721. [Medline: 11079236]

Kreuter MW, Green MC, CappellaJN, Slater MD, Wise ME, Storey D, et al. Narrative communication in cancer prevention
and control: aframework to guide research and application. Ann Behav Med 2007 Jun;33(3):221-235. [doi:
10.1080/08836610701357922] [Medline: 17600449]

Strecher VJ, McClure JB, Alexander GL, Chakraborty B, Nair VN, Konkel JM, et al. Web-based smoking-cessation
programs: results of arandomized trial. Am J Prev Med 2008 May;34(5):373-381 [FREE Full text] [doi:
10.1016/j.amepre.2007.12.024] [Medline: 18407003]

McClure JB, Derry H, Riggs KR, Westbrook EW, St John J, Shortreed SM, et al. Questions about quitting (Q2): design
and methods of a Multiphase Optimization Strategy (MOST) randomized screening experiment for an online, motivational
smoking cessation intervention. Contemp Clin Trials 2012 Sep;33(5):1094-1102. [doi: 10.1016/j.cct.2012.06.009] [Medline:
22771577)

Deci EL, Ryan RM. The "what" and "why" of goal pursuits: human needs and the self-determination of behavior. Psychol
Inquiry 2000;11:227-268 [FREE Full text]

Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, socia development, and well-being.
Am Psychol 2000 Jan;55(1):68-78. [Medline: 11392867]

Ryan RM, Deci EL. Self-regulation and the problem of human autonomy: does psychology need choice, self-determination,
and will? J Pers 2006 Dec;74(6):1557-1585. [doi: 10.1111/].1467-6494.2006.00420.x] [Medline: 17083658]

CoallinsLM, Baker TB, Mermelstein RJ, Piper ME, Jorenby DE, Smith SS, et al. The multiphase optimization strategy for
engineering effective tobacco use interventions. Ann Behav Med 2011 Apr;41(2):208-226 [EREE Full text] [doi:
10.1007/s12160-010-9253-x] [Medline: 21132416]

CallinsLM, Dziak JJ, Li R. Design of experimentswith multipleindependent variables: aresource management perspective
on complete and reduced factorial designs. Psychol Methods 2009 Sep;14(3):202-224 [FREE Full text] [doi:
10.1037/a0015826] [Medline: 19719358]

Miller WR, Rollnick S. Mativational Interviewing, Second Edition: Preparing People for Change. New York: The Guilford
Press, 2002.

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO. The Fagerstrom Test for Nicotine Dependence: arevision of
the Fagerstrom Tolerance Questionnaire. Br J Addict 1991 Sep;86(9):1119-1127. [Medline: 1932883]

Bohning D, Dietz E, Schlattmann P, MendoncaL, Kirchner U. The zero-inflated Poisson model the decayed, missing filled
teeth index in dental epidemiology. JR Statist Soc A 1999;162:195-209.

Preisser JS, Stamm JW, Long DL, Kincade ME. Review and recommendations for zero-inflated count regression modeling
of dental cariesindicesin epidemiological studies. Caries Res 2012;46(4):413-423 [FREE Full text] [doi: 10.1159/000338992]
[Medline: 22710271]

Raghunathan TE, Lepkowski JM, Hoewyk JV, Solenberger PA. A multivariate technique for multiply imputing missing
values using a sequence of regression models. Surv Methodol 2001;27(1):85-95 [FREE Full text]

Van Buuren S, Brand JPL, Groothuis-Oudshoorn CGM, Rubin DB. Fully conditional specification in multivariate imputation.
J Stat Comput Simul 2006;76(12):1049-1064 [FREE Full text]

Little RJA, Rubin DB. Statistical Analysis with Missing Data. Hoboken, NJ: Wiley; 2002.

Raghunathan TE, Rubin DB. Large-sample significance levels from multiply imputed data using moment-based statistics
and an F reference distribution. J Am Stat Assoc 1991;86(416):1065-1073 [FREE Full text]

Rollnick S, Miller WR. What is motivational interviewing? Behav Cognit Psychother 2009 Jun 2009;23(04):325. [doi:
10.1017/S135246580001643X]

Graham AL, Cobb NK, Papandonatos GD, Moreno JL, Kang H, Tinkelman DG, et al. A randomized trial of Internet and
telephone treatment for smoking cessation. Arch Intern Med 2011 Jan 10;171(1):46-53 [EREE Full text] [doi:
10.1001/archinternmed.2010.451] [Medline: 21220660]

Swan GE, McClure JB, Jack LM, Zbikowski SM, JavitzHS, Catz SL, et al. Behavioral counseling and vareniclinetreatment
for smoking cessation. Am J Prev Med 2010 May;38(5):482-490 [FREE Full text] [doi: 10.1016/j.amepre.2010.01.024]
[Medline: 20409497]

Balmford J, Borland R, Li L, Ferretter |. Usage of an Internet smoking cessation resource: the Australian QuitCoach. Drug
Alcohol Rev 2009 Jan;28(1):66-72. [doi: 10.1111/j.1465-3362.2008.00009.x] [Medline: 19320678]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e126 [ FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

hittp:/Awww.j mir.org/2013/3/e69/ JMed Internet Res 2013 | vol. 15 | iss. 3 669 | p.99

(page number not for citation purposes)


http://alcalc.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=16547122
http://dx.doi.org/10.1093/alcalc/agl016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16547122&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.1.102803.143833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17716083&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11079236&dopt=Abstract
http://dx.doi.org/10.1080/08836610701357922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17600449&dopt=Abstract
http://europepmc.org/abstract/MED/18407003
http://dx.doi.org/10.1016/j.amepre.2007.12.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18407003&dopt=Abstract
http://dx.doi.org/10.1016/j.cct.2012.06.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22771577&dopt=Abstract
http://www.selfdeterminationtheory.org/SDT/documents/2000_DeciRyan_PIWhatWhy.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11392867&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-6494.2006.00420.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17083658&dopt=Abstract
http://europepmc.org/abstract/MED/21132416
http://dx.doi.org/10.1007/s12160-010-9253-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21132416&dopt=Abstract
http://europepmc.org/abstract/MED/19719358
http://dx.doi.org/10.1037/a0015826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19719358&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1932883&dopt=Abstract
http://content.karger.com/produktedb/produkte.asp?DOI=000338992&typ=pdf
http://dx.doi.org/10.1159/000338992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22710271&dopt=Abstract
http://www.statcan.gc.ca/ads-annonces/12-001-x/5857-eng.pdf
http://www.stats.ox.ac.uk/~snijders/MICE_paper_2006.pdf
http://www.jstor.org/stable/2290525
http://dx.doi.org/10.1017/S135246580001643X
http://europepmc.org/abstract/MED/21220660
http://dx.doi.org/10.1001/archinternmed.2010.451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21220660&dopt=Abstract
http://europepmc.org/abstract/MED/20409497
http://dx.doi.org/10.1016/j.amepre.2010.01.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20409497&dopt=Abstract
http://dx.doi.org/10.1111/j.1465-3362.2008.00009.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19320678&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH McClureet a

Abbreviations

M OST: multiphase optimization strategy
Q2: Questions about Quitting (intervention)
Z1P: zero-inflated Poisson

Edited by G Eysenbach; submitted 21.12.12; peer-reviewed by L Vervoort, N Stanczyk, A Geraghty; comments to author 22.01.13;
revised version received 28.01.13; accepted 29.01.13; published 25.03.13.

Please cite as:

McClure JB, Shortreed SM, Bogart A, Derry H, Riggs K, & John J, Nair V, An L

The Effect of Program Design on Engagement With an Inter net-Based Smoking | ntervention: Randomized Factorial Trial
J Med Internet Res 2013;15(3): e69

URL: http://www.jmir.org/2013/3/e69/

doi:10.2196/jmir.2508
PMID: 23529377

©Jennifer B McClure, Susan M Shortreed, Andy Bogart, Holly Derry, Karin Riggs, Jackie St John, Vijay Nair, Larry An. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 25.03.2013. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the origina publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

http://www.jmir.org/2013/3/e69/ JMed Internet Res 2013 | vol. 15 | iss. 3 [e69 | p.100
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/3/e69/
http://dx.doi.org/10.2196/jmir.2508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23529377&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schnall et &

Original Paper

Using Text Messaging to Assess Adolescents' Health Information
Needs: An Ecological Momentary Assessment

Rebecca Schnall!, RN, PhD; Anastasia Okoniewski', MSN, PMHNP; Victoria Tiase?, RN, MS; Alexander Low?:
Martha Rodriguez', BS; Steven Kaplan®, MD

1columbia University, School of Nursing, New York, NY, United States
2NeNYork-Presbyterian Hospital, New York, NY, United States

Corresponding Author:
Rebecca Schnall, RN, PhD
Columbia University

School of Nursing

617 W 168th Street

New York, NY, 10032
United States

Phone: 1 212 342 6886

Fax: 1212 305 6937

Email: rb897@columbia.edu

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 atotal of 1935 text messagesin response
to the ecological momentary assessment questions. Adolescents sent atotal 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 issuesrelated to diet and exercise.
These findings may be the harbinger for future obesity prevention programs for adolescents.

(J Med Internet Res 2013;15(3):€54) doi:10.2196/jmir.2395

KEYWORDS
text messaging; ecological momentary assessment; mobile health technology

: among adolescents[1]. Moreover, adolescents’ health behaviors
Introduction are still not well understood and have been under-studied [2].
Understanding adolescents hedlth behaviors is important We need abetter understanding of adolescents' health behaviors

because behavior that is unhealthy and/or risky, rather than [N the context of their daily living in order to develop
infectious or chronic diseases, isthe leading cause of morbidity ~ INtérventions 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 aso 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 mobiletechnologiesin daily life has created
opportunitiesfor applicationsthat were not previously possible
and allowsfor health resource monitoring and management [6].
Mobile technol ogies have the potential to transform health care
by allowing cliniciansto 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]. Nonethel ess, these studies
were limited to the use of text messaging by parents for
managing their children and adolescents' health. There hasbeen
a dearth of research on adolescents’ use of text messaging for
managing their own health.

Mobile technology and text messaging are particularly
appropriate for usein astudy 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 amonth [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 Ingtitutional Review Board (IRB). IRB
waiver of parental consent was obtained and participants signed

http://www.jmir.org/2013/3/e54/
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assent forms prior to their participation in the study. Participants
were recruited from alocal public high school in Bronx, New
York. Participants were recruited initially on-site, followed by
snowball sampling, anon-probability sampling technique where
existing study subjectsrecruit future subjects from among their
friends, to identify additional participants until the desired
number isrecruited [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 statusin avalid and efficient
way, Ware and colleagues developed the SF-36 to reduce
guestionnaire 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 needsin the context of their
daily lives and determine how they met their needs. EMA isa
sampling method devel oped to assess phenomenaat 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, aswell as 600 voice minutesfor 30
days. Each smartphone had applicationsrelated 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 serviceto send text messages
3 times aweek 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, weinvited 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
atotal 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.
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Demographic Data Sample

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 aline-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 analysiswas used to code focus group data. Datawas
summarized thematically through an iterative process by the
author after each focus group session. Similar procedureswere
used asin the text messaging coding.

Table 1. Mobile phone service usage over 30 days.

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 alotted minutes. In this
study, there were 37/60 (62%) males and 22/60 (37%) females
withamean age of 15.9 (SD 1.2) years. Our gender distribution
was reflective of the gender makeup of the high school from
whichwerecruited. Therewere 42/60 (70.0%) participantswho
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
distributionsfor each of the 8 domains of the M OS SF-36 tended
to be skewed in the direction of positive health. The mean
physical functioning domain was 46.92 (SD 20.4), dlightly
below the national mean of 50 for adults.

Adolescentsin our study had alot 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 isillustrated in Table 1. There
was no difference in mobile phone service use by gender

(X%457=2.68, P=0.612).

Mean (SD) Minimum Maximum
Text 2514 (2751) 50 12,474
Data (megabytes) 4,848,708 (5,938,319) 33,461 28,235,106
Minutes 743 (1045) 0 4436

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

http://www.jmir.org/2013/3/e54/
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wereirrelevant or provided too little detail to be well-understood
(eg, “No nothing else”, “ Tomorrow?”). Adol escents sent atotal
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health information needs are organized by themesin Table 2.
Adolescents most often cited health information needs rel ated
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

Table 2. Themes of health information needs and sample quotes.

Schnall et &

who went online, 48/200 (24.0%) used Google as the main
source for answering their health question.

Inthefinal 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.

Theme n Definition Example
Diet/ 120 Nutrition, exercise, intake, calories, weight  How much sugar should you have intake daily? [EMA 19]
Exercise loss How come do dance everyday and till don’t loose [sic] weight?
[EMA 25]
Diagnosis/ 117 Exploration of conditions, definition of med- Can allergies go away? [EMA 13]
clarification ical terminology Why am | the only one with asthma in my family? [EMA 8]
Basic medical care 65 Triage of routine conditions, health status,  How do | get rid of a headache? [EMA 60]
treatment, or relief of condition What is the easiest way to deal with pimples? [EMA 12]
Anatomy and physiolo- 33 Normal body functioning How much blood isin the human body? [EMA 44]
ay How can | lower my heart rate? [EMA 4]
Health promation/ 27 Way to prevent acondition or diseasefrom  Can you really get diabetes by drinking soda? [EMA 64]
prevention occurring or reoccurting Does smoking affect your sportslife? [EMA 16]
Reproductive health 23 Symptom identification of SDI's, exposure, My question is could you get HIV by kissing some body? [EMA
prevention, pregnancy 20]
Does mirena diminish your possibilities of having kids later on
in the future? [EMA 8]
Psychological health 16 Psychological, psychiatric, or emotional iss My question today was what some common signs of depression
sues are? [EMA 48]
Can my emotional condition effect [sic] my physical condition?
[EMA 20]
Growth and develop- 11 Developmenta norms, weight, height Isit healthy to weight [sic] 230 at 17? [EMA 64]
ment If | am obese? [EMA 68]
Emergency/ 9 First aid, bone/joint dislocations, asthmaat- How you stop asthma attack? [EMA 21]

urgent medical care

tack

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

Table 3. Types of information sources and examples.

Type of resource Totan Example
Parent 202 | asked my mom. [EMA 62]
It was answer by my step father showing me different way to do it. [EMA 19]
Online 200 It was answers by online using a search site like Google. [EMA 68]
Yes and by a medical Q and A website. [EMA 63]
Friend 39 | asked around to my friends. [EMA 21]
Mobile devicel application 20 | found answers on the information app on obesity on the phone. [EMA 12]
Teacher/ coach 19 | got the idea from my gym teacher. [EMA 9]
Doctor/ nurse 14 Doctor told me this. [EMA 37]
Family 12 | asked my sister for a answer. [EMA 49]
Other 10 Book at the library. [EMA 19]
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Figure 2. Flowchart of text message responses.
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624 Text messagescould not becoded

1935 Total
Text Messages

2. Where didyou
look for ananswer ?

3.Was your question

EMA Questions:

1. What question did
you have about your
healthtoday?

421 Text messages
Health Information
Needs (Table2)

516 Text messages
Information Sources
(Table3)

42 Text messages. No

answeredand how?

Follow-up Focus Group Sessions

Overview

Of the 60 participantsin 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 alot and Google”
Another participant said, “If | have any health-related problems
| usually just go on Google and it takes to me some doctor
website, wherereal doctors answer the questions.” Thewebsites
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 theterms 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 aso 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”.
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End User Needs

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

Honestly, | didn't like the apps, because it’s like for
older peoplelike, I'mstill ateenager, so | 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 |ooks cooler”. One participant explained that the
health applications on the phone were “just the way [they
looked], like it was boring”.

Privacy

Privacy isaconsideration for adolescents when deciding to use
mobile technology. Nearly al of our participants in our focus
groups reported that they put a code on their phone to maintain
privacy. Participants cited reasons such as “| want my stuff to
be protected, like | don’t know who isgoing to go into my phone
and do what with it.” One female expressed, “1 don’'t want my
mom to see my messages.” Another participant said, “1 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, “| felt like there was a
person sitting on acomputer watching me.” Another participant
said, “Peopledon’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 aimsto minimizerecall 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 remindersto 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
guestions 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 samplewas uniquein 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. Nonethel ess, while adolescents are interested
in using applications and features on their phone, the language
and interface needsto betailored 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
aswell as devel oping 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 persona 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.

Whiletheresults of our study indicated that adolescents” health
information needs are oftentimes met, it isimportant to educate
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adolescents who are heavy users of mobile technology and the
Internet on how to verify their sources of information. Aswas
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],
arecent systematic review indicated that the outcomes of all of
the existing obesity prevention programs across al 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 datafrom 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 thefuture. 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 al ethnically diverse adol escents,
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 al 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,
sincethe 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. Thismay
have limited participants’ willingness to continue sharing their
health information needs.

Findings from our study indicated the usefulness of text
messaging technology asatool for ng adolescents’ health
behavior in the context of their daily lives. Our study
demonstrated that adolescents arewilling to use text messaging
to report their health information. Moreover, adolescentsin our
study provided useful information for the devel opment of future
health behavior tools using mobile technology.

JMed Internet Res 2013 | vol. 15 | iss. 3 €54 | p.106
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Schnall et &

Acknowledgments

This study was funded by HEAL NY Phase 6 - Primary Care Infrastructure "A Medical Home Where Kids Live: Their School"
Contract Number C024094 (Subcontract Pl: R Schnall) and the Center for Evidence Based Practice in the Underserved NINR
P30NR010677 (S. Bakken, Principal Investigator). Findingsfrom this study have been previously presented for poster presentation
at AMIA 2012, Chicago, IL and oral presentation at the 2012 mHealth Summit, National Harbor, MD.

Conflictsof I nterest
None declared.

References

1.  Park MJ, Paul Mulye T, Adams SH, Brindis CD, Irwin CE. The health status of young adultsin the United States. J Adolesc
Hesalth 2006 Sep;39(3):305-317. [doi: 10.1016/j.jadoheal th.2006.04.017] [Medline: 16919791]

2. Lawrence RM, Gootman JA, Sim LJ. Models of care for treatment. In: Adolescent health services: missing opportunities.
Washington, DC: National Academies Press; 2009.

3. MannL, Harmoni R, Power C. Adolescent decision-making: the development of competence. J Adolesc 1989
Sep;12(3):265-278. [Medline: 2687339]

4.  Commission for Systemic Interoperability. 2005. Ending the document game: connecting and transforming your healthcare
through information technology URL : http://endingthedocumentgame.gov/PDFEs/entireReport.pdf [accessed 2013-03-01]
[WebCite Cache 1D 6Enegfloh]

5. Istepanian R, Laxminarayan S, Pattichis CS. M-health: emerging mobile health systems. New York, NY: Springer; 2006.

6. mHealth Alliance. 2011. Frequently Asked Questions URL : http://www.mhealthalliance.org/about/fag [accessed 2013-03-01]
[WebCite Cache ID 6EnOepnvn]

7.  StoneA. The science of real-time data capture: self-reportsin health research. Oxford: Oxford University Press; 2007.

8. Kharbanda EO, Stockwell MS, Fox H, AndresR, LaraM, Rickert VI. Text message reminders to promote human
papillomavirus vaccination. Vaccine 2011 Mar 21;29(14):2537-2541. [doi: 10.1016/j.vaccine.2011.01.065] [Medline:
21300094]

9.  Stockwell MS, Kharbanda EO, Martinez RA, LaraM, Vawdrey D, Natargjan K, et a. Text4Health: impact of text message
reminder-recalls for pediatric and adolescent immunizations. Am J Public Health 2012 Feb;102(2):€15-e21. [doi:
10.2105/AJPH.2011.300331] [Medline: 22390457]

10. Stockwell MS, Kharbanda EO, Martinez RA, Vargas CY, Vawdrey DK, Camargo S. Effect of atext messaging intervention
on influenzavaccination in an urban, low-income pediatric and adol escent popul ation: arandomized controlled trial. AMA
2012 Apr 25;307(16):1702-1708. [doi: 10.1001/jama.2012.502] [Medline: 22535855]

11. KharbandaEO, Vargas CY, Castaiio PM, LaraM, AndresR, Stockwell M S. Exploring pregnant women'sviews on influenza
vaccination and educational text messages. Prev Med 2011 Jan;52(1):75-77. [doi: 10.1016/j.ypmed.2010.10.009] [Medline:
21047526]

12.  Ahlers-Schmidt CR, Chesser AK, Paschal AM, Hart TA, WilliamsKS, Yaghmai B, et al. Parent opinions about use of text
messaging for immunization reminders. JMed Internet Res 2012;14(3):e83 [FREE Full text] [doi: 10.2196/jmir.1976]
[Medline: 22683920]

13. Ahlers-Schmidt CR, Chesser AK, Nguyen T, Brannon J, Hart TA, WilliamsKS, et al. Feasibility of arandomized controlled
trial to evaluate Text Reminders for Immunization Compliance in Kids (TRICKs). Vaccine 2012 Aug 3;30(36):5305-5309.
[doi: 10.1016/j.vaccine.2012.06.058] [Medline: 22750044]

14. Lenhart A. Pew Internet & American Life Project. Washington, DC: Pew Internet and American Life Project; 2010. Teens,
Cell Phones and Texting URL: http://www.pewinternet.org/Reports/2009/14--Teens-and-M obil e-Phones-Data-Memo/
1-Data-M emo/5-How-teens-use-text-messaging.aspx =1 [accessed 2013-02-28] [WebCite Cache ID 6Em2acuDJ]

15. Lenhart A. Pew Internet & American Life Project. Washington, DC: Pew Internet & American Life Project Teens,
Smartphones & amp; Texting; 2012 URL: http://pewinternet.org/Reports/2012/ Teens-and-smartphones.aspx [accessed
2013-02-28] [WebCite Cache ID 6Em2bL X mP]

16. Lenhart A. Pew Internet & American Life Project. Teens and Mobile Phones Over the Past Five Years: Pew Internet Looks
Back; 2009. URL: http://www.pewinternet.org/Reports/2009/14-- Teens-and-M obil e-Phones-Data-M emo/1-Data-M emo/
5-How-teens-use-text-messaging.aspxr=1 [accessed 2013-02-28] [WebCite Cache ID 6Em2c6its]

17. Nielsenwire. Pew Internet & American Life Project. U.S. Teen Mobile Report: Calling Yesterday, Texting Today, Using
Apps Tomorrow. The Nielsen Company; 2010. URL : http://blog.nielsen.com/nielsenwire/online_mobile/
u-s-teen-mobile-report-calling-yesterday-texting-today-using-apps-tomorrow/ [accessed 2013-02-28] [WebCite Cache ID
6EmM2ceRyy]

18. Goodman LA. Snowball sampling. Ann Math Statist 1961 Mar;32(1):148-170 [FREE Full text] [doi:
10.1214/a0ms/1177705148]

19. McHorney CA, Ware JE, Raczek AE. The MOS 36-Item Short-Form Health Survey (SF-36): 11. Psychometric and clinical
tests of validity in measuring physical and mental health constructs. Med Care 1993 Mar;31(3):247-263. [Medline: 8450681]

http://www.jmir.org/2013/3/e54/ JMed Internet Res 2013 | vol. 15 | iss. 3 [e54 | p.107
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/j.jadohealth.2006.04.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16919791&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2687339&dopt=Abstract
http://endingthedocumentgame.gov/PDFs/entireReport.pdf
http://www.webcitation.org/6Eneqfloh
http://www.mhealthalliance.org/about/faq
http://www.webcitation.org/6EnOepnvn
http://dx.doi.org/10.1016/j.vaccine.2011.01.065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21300094&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2011.300331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22390457&dopt=Abstract
http://dx.doi.org/10.1001/jama.2012.502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22535855&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2010.10.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21047526&dopt=Abstract
http://www.jmir.org/2012/3/e83/
http://dx.doi.org/10.2196/jmir.1976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22683920&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2012.06.058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22750044&dopt=Abstract
http://www.pewinternet.org/Reports/2009/14--Teens-and-Mobile-Phones-Data-Memo/1-Data-Memo/5-How-teens-use-text-messaging.aspx?r=1
http://www.pewinternet.org/Reports/2009/14--Teens-and-Mobile-Phones-Data-Memo/1-Data-Memo/5-How-teens-use-text-messaging.aspx?r=1
http://www.webcitation.org/6Em2acuDJ
http://pewinternet.org/Reports/2012/Teens-and-smartphones.aspx
http://www.webcitation.org/6Em2bLXmP
http://www.pewinternet.org/Reports/2009/14--Teens-and-Mobile-Phones-Data-Memo/1-Data-Memo/5-How-teens-use-text-messaging.aspx?r=1
http://www.pewinternet.org/Reports/2009/14--Teens-and-Mobile-Phones-Data-Memo/1-Data-Memo/5-How-teens-use-text-messaging.aspx?r=1
http://www.webcitation.org/6Em2c6its
http://blog.nielsen.com/nielsenwire/online_mobile/u-s-teen-mobile-report-calling-yesterday-texting-today-using-apps-tomorrow/
http://blog.nielsen.com/nielsenwire/online_mobile/u-s-teen-mobile-report-calling-yesterday-texting-today-using-apps-tomorrow/
http://www.webcitation.org/6Em2ceRyy
http://www.webcitation.org/6Em2ceRyy
http://projecteuclid.org/euclid.aoms/1177705148
http://dx.doi.org/10.1214/aoms/1177705148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8450681&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schnall et &

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Windisch W, Freidel K, Schucher B, Baumann H, Wiebel M, Matthys H, et al. Evaluation of health-related quality of life
using the MOS 36-Item Short-Form Health Status Survey in patients receiving noninvasive positive pressure ventilation.
Intensive Care Med 2003 Apr;29(4):615-621. [doi: 10.1007/s00134-003-1675-5] [Medline: 12618917]

Ware J, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). |. Conceptual framework and item selection.
Med Care 1992 Jun;30(6):473-483. [Medline: 1593914]

Russo J, Trujillo CA, Wingerson D, Decker K, Ries R, Wetzler H, et al. The MOS 36-Item Short Form Health Survey:
reliability, validity, and preliminary findings in schizophrenic outpatients. Med Care 1998 May;36(5):752-756. [Medline:
9596066]

Perneger TV, Leplége A, Etter JF, Rougemont A. Validation of a French-language version of the MOS 36-Item Short Form
Health Survey (SF-36) in young healthy adults. J Clin Epidemiol 1995 Aug;48(8):1051-1060. [Medline: 7775992]
McHorney CA, Ware JE, Lu JF, Sherbourne CD. The MOS 36-item Short-Form Health Survey (SF-36): 111. Tests of data
quality, scaling assumptions, and reliability across diverse patient groups. Med Care 1994 Jan;32(1):40-66. [Medline:
8277801]

Stone AA, Shiffman S. Ecological momentary assessment (EMA) in behavorial medicine. Annals of Behavioral Medicine
1994;16(3):199-202.

Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008;4:1-32. [Medline:
18509902]

Lenhart A. Pew Internet & American Life Project. Teens and Mobile Phones Over the Past Five Years: Pew Internet [ooks
back; 2009. URL: http://www.pewinternet.org/htm [accessed 2013-02-28] [WebCite Cache ID 6Em2WbDFU]

Paek HJ, Hove T. Social cognitive factors and perceived social influences that improve adolescent eHealth literacy. Health
Commun 2012 Nov;27(8):727-737. [doi: 10.1080/10410236.2011.616627] [Medline: 22452551]

Stinson J, McGrath P, Hodnett E, Feldman B, Duffy C, Huber A, et al. Usability testing of an online self-management
program for adolescents with juvenile idiopathic arthritis. JMed Internet Res 2010;12(3):€30 [FREE Full text] [doi:
10.2196/jmir.1349] [Medline: 20675293]

Stinson N, Petroz GC, Tait G, Feldman BM, Streiner D, McGrath PJ, et a. e-Ouch: usability testing of an electronic
chronic pain diary for adolescentswith arthritis. Clin JPain 2006;22(3):295-305. [doi: 10.1097/01.a8p.0000173371.54579.31]
[Medline: 16514331]

Barron AE, Kemker K, Harmes C, Kaaydjian K. Large-scale research study on technology in K-12 school: technology
integration asit relates to the national technology standards. Journal of Research on Technology in Education 2003;35(4):489.
Ozen C, Basoglu N. Exploring the contribution of information systems user interface design characteristics to adoption
process. 2007 Presented at: Management of Engineering and Technology; August 5-9, 2007; Portland p. 2208-2219. [doi:
10.1109/PICMET.2007.4349415]

Blumenthal D. Launching HITECH. N Engl JMed 2010 Feb 4;362(5):382-385. [doi: 10.1056/NEJM p0912825] [Medline:
20042745]

Patrick K, Raab F, Adams MA, Dillon L, Zabinski M, Rock CL, et al. A text message-based intervention for weight | oss:
randomized controlled trial. JMed Internet Res 2009;11(1):e1 [FREE Full text] [doi: 10.2196/jmir.1100] [Medline:
19141433]

Haynos AF, O'Donohue WT. Universal childhood and adol escent obesity prevention programs: review and critical analysis.
Clin Psychol Rev 2012 Jul;32(5):383-399. [doi: 10.1016/j.cpr.2011.09.006] [Medline: 22681912]

Abbreviations

EMA: ecologica momentary assessment

HIT: health information technology

HITECH: Health Information Technology for Economic and Clinical Health
HI1V: human immunodeficiency virus

IRB: Columbia University Ingtitutional Review Board

mHealth: mobile health

MOS: Medical Outcome Study

SF-36: 36-1tem Short Form Health Survey

hittp:/Awww.j mir.org/2013/3/e54/ JMed Internet Res 2013 | vol. 15 | iss. 3 [e54 | p.108

(page number not for citation purposes)


http://dx.doi.org/10.1007/s00134-003-1675-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12618917&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1593914&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9596066&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7775992&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8277801&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
http://www.pewinternet.org/htm
http://www.webcitation.org/6Em2WbDFU
http://dx.doi.org/10.1080/10410236.2011.616627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22452551&dopt=Abstract
http://www.jmir.org/2010/3/e30/
http://dx.doi.org/10.2196/jmir.1349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20675293&dopt=Abstract
http://dx.doi.org/10.1097/01.ajp.0000173371.54579.31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16514331&dopt=Abstract
http://dx.doi.org/10.1109/PICMET.2007.4349415
http://dx.doi.org/10.1056/NEJMp0912825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20042745&dopt=Abstract
http://www.jmir.org/2009/1/e1/
http://dx.doi.org/10.2196/jmir.1100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19141433&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2011.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22681912&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Schnall et &

Edited by G Eysenbach; submitted 12.10.12; peer-reviewed by A Barman-Adhikari, A Chesser, P Lam; comments to author 21.01.13;
revised version received 07.02.13; accepted 21.02.13; published 06.03.13.

Please cite as.

Schnall R, Okoniewski A, Tiase V, Low A, Rodriguez M, Kaplan S

Using Text Messaging to Assess Adolescents' Health Information Needs: An Ecological Momentary Assessment
J Med Internet Res 2013;15(3): €54

URL: http://mwww.jmir.org/2013/3/e54/

doi:10.2196/jmir.2395
PMID: 23467200

©Rebecca Schnall, Anastasia Okoniewski, Victoria Tiase, Alexander Low, Martha Rodriguez, Steven Kaplan. Originally published
in the Journal of Medical Internet Research (http://www.jmir.org), 06.03.2013. This is an open-access article distributed under
theterms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
aswell asthis copyright and license information must be included.

http://www.jmir.org/2013/3/e54/ JMed Internet Res 2013 | vol. 15 | iss. 3 |54 | p.109
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/3/e54/
http://dx.doi.org/10.2196/jmir.2395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23467200&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Solvoll et al

Original Paper

Physicians Interrupted by Mobile Devices in Hospitals:
Understanding the Interaction Between Devices, Roles, and Duties

Terje Solvoll*?; Jeremiah Scholl®, PhD; Gunnar Hartvigsen®?, PhD

1Univer:sity Hospital of North Norway, Norwegian Centre for Integrated Care and Telemedicine, Tromsg, Norway
2University of Tromsg, Department of Computer Science, Tromsg, Norway
3Karolinska Institutet, Health Informatics Centre, Jimtlands Lan, Sweden

Corresponding Author:

Terje Solvoll

University Hospital of North Norway

Norwegian Centre for Integrated Care and Telemedicine
Po. Box 35

Tromsg, 9038

Norway

Phone: 47 90932183

Fax: 47 77754099

Email: terje.solvall @telemed.no

Abstract

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

Objective: To characterize how interruptionsfrom maobile devices disturb physiciansin 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 atotal of 135 hours during May and June 20009.

Results: The study demonstrates to what degree physicians are interrupted by mobile devicesin their daily work and in which
situations they are interrupted, such as surgery, examinations, and during patients/rel atives 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 physiciansin hospitas, are aproblem 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 aso 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):€56) 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

: other co-workers[1-4]. One suggested solution for this problem
Introduction is to implement wireless phone systems [5-7]. Such systems
The work setting in hospitals is communication intensive and  Offér @ number of advantages over traditional paging systems,
can lead to significant difficulties related to interruptions from  SUch @snot requiring the staff to find a phone after being paged.
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Moving from wired phonesto wirel ess 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 solutionsin [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 systemswhen 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 acall. Other systemsfocus 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’sdecision and the receiver’sdesires
[22]. To our knowledge, none of these systems has been tested
in hospital settings.

Hospitals are dependent on awide 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 aso
been tested in a contextual message exchange system without
major success [25]. Other systems, like the AwareMedia and
AwarePhone systems of Bardram et a [26,27], support
context-sensitive communication and form a complete
communication system for clinicians in a surgical ward. The
AwarePhone system isan application running on amobile 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 alarge hospital in Norway,
which started implementing a pervasive wirel ess 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’ sworkday, focusing on wirelesscommunication. The
aim was to understand the health care workers' communication
pattern and how unnecessary interruptions from maobile devices
can be reduced: in which situations, what context, and which
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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 successrate upon implementation.
Thisknowledge contributesto medical informatics by improving
understanding of the effects of the use of wirel ess phone systems
and is used as input to the overall sociotechnical devel opment
of awireless 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
intotal. St. Olavs Hospital isunder renovation, and the hospital
project consists of the construction of new buildings and anew
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 isatechnologically 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 thisresearch. The model in use at the
studied hospital isthe Cisco 7921G wireless phones. They also
use an old paging system, both for on-call duty pagers and
personal pagers, and aGSM-based on-call duty phonein parallel
as back-up, since the older parts of the hospital do not have
coveragefor wireless | P-phones. The pagerswerefrom different
vendors but were al 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 oneclinic. This
also provided us the opportunity to compare and contrast the
data collected between the separate clinics.

Research M ethod

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 hasthe potential to explain
the human thought and action in a social and organizational
context [31]. Principles for trusted pervasive health have aso
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 a St. Olavs Hospital. The participatory observer
(hereafter referred to Simply as* observer”) was from adifferent
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 aresearcher. The observer signed anondisclosure
agreement regarding sensitive information prior to the
observations.

Participant Observations

Thefact that peoples’ descriptions of their activities often differ
fromwhat really occursin practiceis 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 thereal one), and al so 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 atotal of 135 hoursduring 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 redlistic picture of the communication
situation at the clinic. This technique is often referred to as
“shadowing” [36]. Hefollowed 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
freetext 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
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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 adigital device such asaPDA,
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 asmuch as possiblein the health care workers
settings and avoided unintended attention paid by the workers
to the observations.

I nterviews/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 theinterview and therefore got answersto 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 aso 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 dataanalysis
began with thefirst 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 wasthen madeto analyze the datafrom 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 wirelessmobile phones, and (5)
answered or not vsreturned call after apage, and theimportance
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 aso 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 clinicswasthat each physician
at both clinicscarried at |east one wireless | P-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, abackup GSM phonewas also required.
To use the wireless |P-phone, the physician had to personally
log on to the phone, and if they also wereresponsiblefor arole,
they had tolog onto that roletoo. When referring to aphysician,
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 hasaregional function
for the Mid-Norway hedlth region. The clinic treats problems
that the general practitioners or private specialistsin 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, sinustreatment, 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’sroleason-call duty at theinpatient ward, outpatient
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clinic, in surgery, and in cancer meetings. A cancer meeting
wasateam of physicians meeting/examining and treating cancer
patients.

Frequency of Interruptions

One of the assistant physicians, Phys-A, said on thefirst day of
observations: “It variesalot how much we areinterrupted from
various mobile devices. The busiest time is definitely between
8 in the morning and 7-8 in the evening”. However, only afew
hours that we observed at this clinic were considered as
“normal” regarding interruptions. Table 1 showsall interruptions
from mobile devices received by the participating physicians
at thisclinic.

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: “Unusualy quiet on the phone today or
actually it has been thisquiet all week. It seemslike many have
started their vacation”, and atheatre 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| have these meetings’,
which was continued by the head nurse, Nurse-B: “The phone
should not ring when we arein these kind of meetings. Therule
isthat asecretary answersthe 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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Tablel. Overview of total amount of interruptionsfrom mobile devicesat ENT during observation time (only interruptions from thefollowed physicians

devices, except for g, which was anurses phone brought to the physician).?

Assigtant physician  Chief physician

Preparatory/complementary work

Outpatient ward

No patient

With patient

Inpatient ward

No patient

With patient

Surgical theatre

Meeting

Cancer meetings

Other situations

Answered 3a 8a
Ignored

Answered 1b 3a
Ignored

Answered 2a,8b,1c, 3e,1g

Ignored

Answered la
Ignored

Answered

Ignored la
Answered la 5a
Ignored la
Answered 3a 2a
Ignored

Answered 33, 1b
Ignored la 2b
Answered 13, 1b 1lla
Ignored

3g=wireless | P-phone; b=on-call-duty pager; c=backup on-call-duty GSM-phone; e=Wired | P-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 aso observed that the less
experienced physicians often used the nurses to contact the
experienced physicians, instead of calling them themselves. In
thisway, 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.

http://www.jmir.org/2013/3/e56/

Another situation that was observed wasthat 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 regardiess, everyone
immediately answers incoming calls/pages... Thisis
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 aso responded to
phone calls during surgery. In this case, rather than answering
the phone themselves, somebody elsein the room answered the
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call for them, normally anurse or another physician. The person
who answered the phone either took amessage or held the phone
up to the physician’s ear. After such anincident during asurgery
wherethetheatre 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
asurgery, thereare 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 | eft in the physician’'s coat
outside the surgical theatre, and they brought with them only
their private mobile phone and the wireless | P-phone.

Wireless Phones vs Pagers

The physiciansat the clinic appeared to be pleased with carrying
a wireless |P-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
sometimeyou learn to screen the calls, theimportant
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, hesaid: “ The
phoneislessinterruptive compared to the pager. | do not know
if it is me who has been better at telling people when I'm
available and managing the communication, or if itisthe others
who have been better.” Thisalso seemed to be the general view
at thisclinic. Another important point regarding why there may
be fewer interruptions from the phone compared to when they
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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 physicianin
cancer and blood diseases, two assistant physicians, intwo roles:
primary watch duty and intermediate watch duty, which arethe
primary and secondary on-call-duties at this clinic.

Freguency of Interruptions

The frequency of interruptions from mobile devices during
observation timeat thisclinic 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 aweek: “It will probably be quiet on
the phone today, I’'m seldom here, so it depends if anybody
knows|’m here”. The other dayswere morenormal, like another
chief physician, Phys-l, 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
al 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, aso
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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Table2. Overview of total amount of interruptionsfrom 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).?

Assistant Chief physician
physician
Preparatory/complementary work
Answered 2a,2b 7a
Ignored
Outpatient ward
No patient
Answered 5a
Ignored
With patient
Answered 1a,1d
Ignored la
M ater nity/intensive/labor ward
No patient
Answered 2a,2b,1f 33, 1d
Ignored
With patient
Answered 63, 1b, 1g
Ignored 1b 13, 19
Surgical theatre
Answered la
Ignored
Meeting
Answered 6a, 1d
Ignored
Conversation room
Answered la
Ignored 13, 1d
Other situations
Answered 6a,2b,1f 17a,3d
Ignored 1b, 1d

85—wireless | P-phone; b=on-call-duty pager; d=private GSM; f=personal pager; g=other

As shown in Table 2, the physicians a 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 wasignored until they finished
or had a natural break in the examination.

Clinic Settings

The setting in the CY was dlightly 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:

http://www.jmir.org/2013/3/e56/

Itisonly an old habit if somebody still usesthe pager
to contact you while you are on on-call duty. A
wireless phone should be enough to carry; actually
| hate the sound from the pager, | have turned it off
and I’monly 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
a 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 mgjority 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
awireless phone these daysis brilliant compared to previously
when weonly had pagers. We are hereto 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 phonein our pocket, you do not need to search
for a phone whenever you need to call or answer a
call. Another point is that | think there are fewer
interruptions compared with when we only had
pagers. Actually | think that pagerswere dightly more
inter ruptive 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 awireless 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.
Thiswas 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 systemtime; they do not want
changes and only want to keep the old pager system.

The observer discovered that this surgeon was paged severa
timeswhen 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 participantsin this study address, is that they may have
experienced fewer interruptions from wirel ess phones compared
to pagers, once people has been used to carrying a phone. This
issue has not been mentioned in previous studies and contrasts
afinding in Sweden where widespread use of phones seemed
to cause peopleto contact each other more often [43]. It suggests
that, although interruptions might be a problem when using
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wireless phones, cultural shifts that develop over time in order
to handl e these interruptions might be ableto 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 dlightly more interruptive since they had to locate a
phone, even interrupt somebody else to borrow a phone, every
time they wanted to return apage. Thisisrelated 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 especidly in
situationswhere they should not be disturbed. Examplesof 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 ininterrupting by calling or paging the physicians.
We & so 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 thiswas 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 sinceit 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 careworkers' behaving
differently. However, the fact that the observer dressed like a
physician and was presented as aresearcher 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
interruptionsif they carried awireless phoneinstead of a pager
and that a phone call interrupts more than a page. When we
asked the physicianswemet at St. Olavs Hospital if they thought
the phone was more interruptive than the pager after the
introduction of wireless |P-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 thereforefelt 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 phoneswere not located “on every
corner” at this hospital, since everybody was supposed to carry
awireless 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 awireless phone for outgoing calls
like some of the physiciansin [13] used. However, this solution
would not solve the problem of knowing who is calling or the
importance of the call. Another important considerationto 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 3years, 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 adisplay 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.

Solvoll et al

Summary and Future Work

We conclude from this study, but also from earlier studies
[13,42], that physiciansin hospitals are interrupted unnecessarily
by mobile devicesin situationswhere such interruptions should
be avoided. The introduction of IP-based phones at St Olavs
Hospital has shown that thistransition 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
possibleto 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 devel oping mobile
medical applications has also been asuccesswithin 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 devicesfor 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
CalMeSmart. CallMeSmart is being developed using input
from this study in combination with outcomes from [42,44,45],
and weareinvolving real usersin the design and testing process.
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Abstract

Background: Thereisincreasing 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
daysfollowing discharge. M essages 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 samplet tests (composite) and Wilcoxon rank sum tests (individual). Clinical datawere 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
aproxy (n=2), hard of hearing (n=1), and refusal (n=3). Another 3 participants |eft 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 g ection 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.
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Over haf of ADHF patientsin an urban, largely African American community were eligible and interested in

participating in atext 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):€53) doi:10.2196/jmir.2317
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heart failure; self-care; patient education; cellular phone; text messaging; African Americans

Introduction

Despite major scientific advances, heart failure continuesto 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
failurereadmissions[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. Theresults
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

http://www.jmir.org/2013/3/e53/

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 theintent of the study wasto 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 accessto a persona 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), awell-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, amobile phone
usage survey was administered on enrollment [19], and
demographic and clinical data were obtained through chart
review. At the completion of theintervention, atelephone-based
patient experience survey, including Likert-scale and open-ended
guestions, 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 a30-day period, each participant
received automated messages in the following domains:

1. Medication adherence: adaily 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. Itemshigh in salt include canned soups, deli meats,
and fried foods.”)

3. Appointment adherence: areminder 48 hours before and the
day of their cardiology or primary carefoll ow-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 troubl e fitting into
your shoes? If yes, call your physician.”)

6. Health care navigation: knowing how to get in touch with
cardiologist, obtai ning medi cations after discharge (“1f 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 higher medication regimen and follow-up
appointments. Participantswere provided atutorial on receiving,
reading, and sending text messages on enrollment. At the time
of enrollment, each patient was sent atest 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 scoresfrom the
SCHFI were tabulated into standardized 100-point scales:
maintenance, management, and confidence. Preintervention and
postintervention scores for each scale were compared using

http://www.jmir.org/2013/3/e53/
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paired t tests. Individual items were compared using Wilcoxon
rank sum tests. Stata version 11 was used for the analysis
(StataCorp LB, College Station, TX, USA).

Results

Study Recruitment and Sample Char acteristics

Of 61 patients initialy 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 apersonal cell phone. An additional 6 patients did not
meet inclusion criteria because they failed their Mini-Mental
exam (n=3), heeded a hedlth care proxy (n=2), or were hard of
hearing (n=1). Only 3 patients approached for the study who
met all inclusion criteriarefused 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 g ection 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, athough actual usage varied widely from O to 60
text messages per day. All but 1 participant had an unlimited
text messaging plan, and only one-third (33%, 5/15) of
participantsin our sample had asmartphone capable of accessing
the Internet and running applications (apps).
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Table 1. Participant characteristics at enrollment (N=15).
Baseline characteristic Stetistic
Age, mean (range) 50 (23-69)

Race, n (%)

African American 14 (93)

White 1(7)
Gender, n (%)

Women 6 (40)

Men 9(60)
Mini-Mental status, mean (range) 21 (18-22)

Insurance status, n (%)

Medicare only 3(20)
Medicaid only 3(20)
Dual eligible 4(27)
Private insurance 3(20)
Uninsured 2(13)
Medical history
Preserved gjection fraction (EF) heart failure, n (%) 8(53)
Average EF for those with systolic heart failure (%), mean (range) 22.4 (9-47)
Hypertension, n (%) 11 (73)
Diabetes, n (%) 8(53)
Smoker, n (%) 5(33)
ACE inhibitor on admission, n (%) 8(53)
Beta-blocker on admission, n (%) 13 (86)
Admissions
1 admission in the prior year, n (%) 6 (40)
2 or more admissions in the prior year, n (%) 4(27)
Number of admissionsin the prior year, median (range) 1(0-7)
http://www.jmir.org/2013/3/e53/ JMed Internet Res 2013 | vol. 15 | iss. 3]e53 | p.125

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Nundy et a

Table 2. Prior participant experience with cellular phone calling and text messaging (N=15).

Baseline characteristic n (%)
Owns a smartphone 5(33)
Unlimited text messaging 14 (93)
Landlinein addition to cell phone 5(33)
Freguency with which carry cell phone
Always 12 (80)
Almost aways 2(13)
Sometimes 1(6)
Comfort level making or receiving calls
Very comfortable 14 (93)
Somewhat comfortable 1(6)
Total calls made/received per day
0 0(0)
1-5 3(20)
6-10 3(20)
11-20 4(27)
>20 5(33)
Have used text messaging feature before 15 (100)
Comfort level using text messages
Very comfortable 10 (66)
Somewhat comfortable 5(33)
Total text messages sent/received per day
0 1(6)
1-5 4(27)
6-10 5(33)
11-20 1(6)
>20 4(27)

Participant Engagement

Although not required, participants were encouraged to text
back comments or responsesto questions sent viatext message.
Although responses were not read by research staff during the
course of the study, response rate was considered to be amarker
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
participantswere near the median intermsof prior usage of text

http://www.jmir.org/2013/3/e53/

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.
Despitethis, all participants agreed that they would recommend
the program to afriend or family member.
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Table 3. Participant evaluation postintervention (n=6).
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Survey question Likert scale response, n (%)

Strongly agree Moderately or dightly ~ Slightly or moderately ~ Strongly

agree disagree disagree

Overal, | was satisfied with this study 6 (100)
It was easy to receive and read the text messagesfromthe 5 (83) 1(17)
research team
It was easy to send text messages to the research team 4 (66) 2(33)
| found the text message remindersto be helpful at decreasing 4 (66) 1(7) 1(17)
the number of pills| missed
| found the text message remindersto be helpful at decreasing 4 (66) 1(17) 1(17)
the amount of salt in my diet
| found the text message remindersto be helpful at decreasing 3 (50) 1(7) 2(33)
the number of doctor visits that | missed
| would recommend this cell phone reminder systemtomy 5 (83) 1(7)

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 theimportance of self-management. They liked
that the system served as a reminder and provided feedback.
One participant stated, “I knew | 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% Cl 15-42, P=.003). Self-care
management increased from 57 to 86, or 30 points (95% ClI
17-42, P=.002). There was no statistically significant change
in self-care confidence (57 to 75, 95% Cl —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). Thetext 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
theintervention, 5 improved and 2 had no statistically significant
change.

Table 4. Self-Care of Heart Failure Index (SCHFI) scales preintervention and postintervention (n=6).

SCHFI scale Preintervention score, Postintervention score, Difference, P value
mean (95% Cl) mean (95% CI) mean (95% CI)

Maintenance 49 (38-61) 78 (68-88) 28 (15-42) .003

Management 57 (42-71) 86 (72-100) 30 (17-42) .002

Confidence 57 (32-81) 75 (70-80) 19 (-6t043) A1
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Table 5. Self-care Heart Failure Index (SCHFI) individual items preintervention and postintervention (n=6).

SCHFI Item Preintervention Postintervention P value®
Mean SE Mean SE
Maintenance
Weighing sdif® 1.6 0.27 33 0.21 .03
Eating low salt diet” 24 0.27 37 0.21 .03
Forgetting to take medicines (lower is better)b 19 0.22 13 0.21 .02
Keeping to low salt diet when eating out 15 0.22 3 0.52 .05
Checking ankles for swellingb 33 0.25 38 0.17 16
Keeping appointments” 33 0.23 37 0.33 45
Avoiding getting sick 29 0.27 38 0.17 .046
Physical activity 24 0.24 32 0.4 16
Exercising for thirty minutes 13 0.15 25 0.56 A1
Using apill system 31 0.34 2.7 0.61 51
Management
Likelihood of contacting physici an® 2 03 3 037 02
Realization of symptoms 24 0.31 4 0 .09
Likelihood of reduction in salt intake 3 0.3 4 0 16
Likelihood of reduction in fluid intake 2.8 0.28 4 0 .08
Likelihood of taking extra diuretics 28 0.28 3 0.63 .28
Thought that remedy helped symptoms 19 0.31 33 0.33 A1
Confidence
Confidence in evaluating g/mptomsID 2.8 0.22 33 021 046
Confidence in remaining free of heart failure 24 0.13 3 0.37 .16
Confidence in following treatment advice 27 0.23 35 0.22 .10
Confidence in recognizing changes 31 0.27 37 0.21 23
Confidence in action to relieve symptoms 26 0.24 3.2 0.4 52
Confidence in evaluation of remedy 26 0.24 28 0.31 73

A tatistically significant valuesin 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 atext message—based self-management
intervention in patients discharged from the hospital with acute
decompensated heart failure (ADHF). To the best of our
knowledge, thisisthefirst study of atext messaging intervention
for ADHF piloted in an urban, largely African American
popul ation.

Principal Results

The text messaging intervention was associated with
improvements in self-care maintenance and management.

http://www.jmir.org/2013/3/e53/

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 clinicaly
significant. Moreover, none of participants scored below 70
preintervention for maintenance, whereasall but 1 improved to
above 70 at follow-up; for management, only 1 participant
scored above 70 preintervention, but following theintervention
all participants scored above the 70 threshold.

Without acontrol, these results must be interpreted with caution.
In addition to a Hawthorne effect, participants were discharged
from the hospital and likely seenin clinic at least once or twice
between the preintervention and postintervention periods.
Self-management teaching at any of thesetime 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
itemsthat improved were generally those targeted by thetexting
intervention, implicating a causal link. Future studies should
validate these preliminary findingsin a controlled trial.

A magjor aim of this study was to access the feasibility of text
messaging interventions in our patient population. Among
patientswho met theinclusion criteria, 90% agreed to participate
in the study, which ishigh 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 level s 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
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received the entire intervention and completed preintervention
and postintervention surveys. Although this largely reflectsthe
challenges with research in our study population, it may bias
theresultstoward those who responded favorably to the system.
The study aso had no control group, so the effects on
self-management should be interpreted with caution. Finally,
thiswas a singleinstitution 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 resultswhen 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 interventionsin heart failure may go beyond
telemonitoring and increase patient empowerment [22], and a
recent clinical trial suggesting that self-management education
isparticularly effectivein low-income patientswith 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 auseful tool for improving heart failure
self-management in urban African Americans after hospital
discharge. Moreresearch 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 patientswill 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 ssmple generic referra card (control), (2) a
patient-oriented brochure that provided examples of online postings and experience (internal motivation), or (3) aphysician letter
of recommendation (external motivation) would generate the greatest participation in aprimary care Internet depression treatment
support portal focused around an Internet support group (1SG).

Methods: We used 3 offline methods to identify potential participants who had not used an I SG 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 | SG (Psycho-Babble).
The|SG allowed participantsto view messages and then decide if they actually wished to register there. Participation in the portal
and the 1SG 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 timelogged 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 symptomsto an ISG isfeasible even if they have
never previously used one. This may best be accomplished by enhancing their internal motivation.

Trial Registration:
http://www.webcitation.org/6F4981fDN)

(J Med Internet Res 2013;15(3):e42) doi:10.2196/jmir.2197

KEYWORDS
depressive disorder; Internet; primary care; support groups

Introduction

Mood disordershave alifetime 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 afull
course of treatment [4]. Chronic care and collaborative care
model s 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 modelsthat provide self-directed
psychotherapy [9], education [10], or socia 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 adol escent
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 severa
advantages, including transcending geographic barriers,
facilitating disclosure (people will often tell a computer more
than to another person), and increasing accessto diverse sources
of information. There is some evidence that use of 1SGs for
depression may be associated with both reductionsin 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 socia
engagement will be an essentiadl 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 persona relevance to the user
predict greater behavior change in Internet-based programs
[25,26]. Peer support and frequent updates may support
participation in 1SGs [27,28]. A prerequisite for further

http://www.jmir.org/2013/3/e42/

Clinicaltrials.gov: NCT00886730; http://clinicaltrials.gov/show/NCT00886730 (Archived by WebCite at

evaluations of the potentia benefits of 1SGs for primary care
patients with depressive illness is developing an effective
method of referrad and ascertaining key predictors of
participation. Self-determination theory provides a framework
for evaluating possible referral methods. In thismodel, internal
source motivations based upon preferences for autonomy,
competence, and connection are superior to external source
motivations based upon financia incentives or recommendation
of an authority figure[2].

The aim of this study was to determine the most feasible and
effective methodsto refer primary care patientswith depressive
disorders and symptoms to an 1SG. We examined whether
baseline attitudes based on the theories of motivationa
interviewing, planned behavior, and self-determination predicted
Internet site participation [2,29], and we assessed whether a
structured approach to goal setting would increase 1SG
participation [30]. We conducted a randomized controlled trial
to compare 3 different methods of referring primary care patients
with depressive disorders and symptomsto an | SG: 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 hypotheseswerethat (1) primary carereferral
(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 | SG
participation would be important predictors of subsequent use,
and (4) email reminders would increase participation.

Methods

Study Design

Thisstudy included 9 key stepsfrom initia 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 formin
their physician’s office after discussion with their physician, or
(3) completing a statement of interest at a public information
tableinthe 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 €ligibility 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 initia 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 enroliment. At this
time, the participants also completed a baseline written
guestionnaire. In step 6 after consent and enrollment,
participants were randomly assigned (using a sealed envelope

Figure 1. CONSORT diagram.

N=128 referred to the
study
N=82 contacted

Randomized to
Interventions
n=50

\J

Van Voorhees et al

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. Thetria
was prospectively registered (Clinical Trials.gov NCT00886730).

Excluded n=32

Did not meet inclusion
criteria n=18

Refused to participate
n=10; other reasons
n=4 (not interested)

l

l

l

Group A NEUTRAL (Card)

Allocated to intervention
n=18

Received intervention n=18
Did not receive intervention
n=0

Give reasons=N/A

Group B INTERNAL
(brochure)

Allocated to intervention
n =19
Received intervention n=19
Received partial intervention
n=1
Give reasons=died

Group C EXTERNAL
(recommendation)

Allocated to intervention
n=13
Received intervention n=13
Did not receive intervention
n=0
Give reason=N/A

!

!

!

Lost to follow-up n=0
Give reasons n=N/A

Lost to follow-up n=0
Give reasons n=N/A

Lost to follow-up n=0
Give reasons n=N/A

Analyzed n=18

Analyzed n=19, only partial
data available for n=1

Analyzed n=13,
demographics not available
for n=1
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Inclusion and Exclusion Criteria

All éigible participants met the following criteria: (1) aPHQ-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 I SG, (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/shewould
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. Theseincluded afederally qualified
health center (n=1), aprivate 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
sitesclosed and severa physicians|eft the practices. After initial
attempts using nurses to approach patients were unsuccessful,
physicianswere asked to approach appropriate patients directly
to determineif they might beinterested in the study. Theoriginal
intention was to have the recommendation letter be from the
participant’s personal physician. Instead, the letter was signed
by the principal investigator (aprimary care physician) because
of time feasibility limitations.

Randomization, Blinding, and Conceal ment

We randomly assigned participants (using sealed envel opes) to
1 of the 3 groups described subsequently. A data manager who
was not involved in the study execution prepared the sealed
envel opes. Participants were aware of group assignments. The
main outcome measureswere collected in an automated fashion
online. The database manager and the safety caller (described
subsequently) were blinded to group assignments.

Randomized I ntervention Groups

Neutral Motivation Orientation (Referral Card)

Participants received asimple 3" x5" 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).
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Internal Motivation Orientation (Patient-Centered
Brochure)

Participants received an 8" x11” 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 barriersto
participation: participantswould not beidentified, 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 Mativation Orientation (Physician
Recommendation)

Participants received amedical 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

Anemail reminder was sent to al participantswho did not visit
the portal within 7 days of enrollment. Email reminders have
been associated with higher levels of participation [27].

Internet Portal | ntervention

We constructed aportal to connect primary care patientsto both
fact-based information and an established 1SG. Two focus
groups identified several key ideas with regard to the
development of aprimary care portal: (1) offer opportunitiesto
learn from others, (2) offer opportunitiesto 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 | SG that focus group participants
suggested would be of greatest interest, and (3) offer accessto
the ISG. Participants could use the portal to visit the ISG and
also the other websites. The 1SG 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
groupsthat meet face-to-face[38]. Theoriginal forum continues
to focus on biological treatments, and additional forums have
been added for psychological treatments, complementary and
aternative 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 perceptions by participants [39]. We believed Psycho-Babble
participants to have been aware of the other Psycho-Babble would be avaluable ISG to use because of its well-developed
forums. Higher user control has been associated with favorable  participant base with history, loyalty, and repeat visits [40].

Figure 2. Screenshot of Psycho-Babble home page.
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Physician and Nurse Training

Aspart of thisintervention, 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,
sdlf-management approaches currently used by individualswith
depression, and the state of research on 1SGs. A group of
resident physicians received additional training on how to
conduct randomi zed trial s as an added inducement to participate
in the study.

Safety Monitoring

A structured approach to managing participant saf ety 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 alicensed clinical social worker 6 to 8 weeks
after enrollment [37,38].

Outcome M easures

We evaluated use of the portal and the ISG by using data
automatically logged by the portal and 1SG servers (Table 1).
We originally planned to assess outcomes across severa
categories: visits, timelogged 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 databy participants. Participants submitted data
not only for postings, but also to preview posts, to take the quiz
required to register at the | SG, to enter asynchronous (real-time)
chat room, to actually chat, and to contact the 1SG
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 1SG, the
time they spent at the |SG was included in the time they were
logged into the portal. However, if they visited the | SG directly,
it was not. It was possible to access the | SG directly because it
was open to the public and not restricted to study participants.

Internet Support Group Measures

At thelSG, viewing postswas unrestricted, but submitting data,
including postings, was restricted to registered group members.
The 1SG server automatically tracked viewing of posts by
participants by using cookies (information stored by a server
on auser’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 1SG
server automatically tracked communications, including
postings, by username.

http://www.jmir.org/2013/3/e42/
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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 apha =.87) [41] and the
PHQ-9 [31] score (Cronbach alpha=.77).

Self-efficacy

Perceived control was assessed with the Mastery Scale [42].
The7 items on the scale measure the extent to which participants
seethemselvesasbeing in control of the forcesthat significantly
affect their lives. Higher scores indicate greater self-efficacy
(Cronbach alpha=.81).

Loneliness

Thelonelinessitem 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 (O=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 externa 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 theitems 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 I SG. 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
abehavior (eg, attitudes toward intervention), subjective norms
(eg, concernswith 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 disagreeto 5=strongly agree) for each domain
(see Multimedia Appendix 1). The rdliability (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 providersin away 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 dataand therewere values
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of zero, precluding a direct logarithmic transformation.
Therefore, we added avalue 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 itemsthat 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’'sd) [48].

Sample Size Calculationsand 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).
Thissample 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. Onthebasis
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.
Items Description Source?
Sessions and time
Number of sessions Number of individual visits Portal
Racmt thosein sessionswith at least 1 ses-  Percent with at least 1 visit Portal
sion
Total time Number of minutes spent logged in (participants were timed out after 6 minutesof ~ Portal
inactivity)
Minutes elapsed per session Number of minutes/session Portal
Viewing
Posts viewed Number posts viewed by participant 1SG
Percent who viewed at least once Percent who viewed at least 1 post 1SG
Posts viewed by each participant who regiss  Number of posts viewed by those who registered on the |SG 1SG
tered
Boards viewed Number of boards viewed per participant 1SG
Boardsviewed by each participant whoregiss  Number of boards viewed per participant who registered with the ISG 1SG
tered
Posting
Communications Posts and data combined 1SG
Data submitted Information submitted to the portal 1SG
Posts submitted Number of posts submitted 1SG
Posts attempted Number of posts attempted 1SG
Percent of those who attempted at least once Percent who attempted to post at least 1 time 1SG
Posts attempted by each participant whoreg- Number of posts submitted who registered on the ISG 1SG
istered
Posts posted Number of posts attempted who registered on the I1SG 1SG
Percent of those who posted at |east once Percent who attempted to post at least 1 time who registered on the | SG (created 1SG
post, but failed to confirm)
Posts posted by each participant who regiss  Mean number of posts submitted who registered on the ISG 1SG
tered
Visitation
Visited portal or ISG Percent who visited either the portal or directly went to the ISG 1SG and portal
Participants who visited portal Percent who visited the portal 1SG and portal
Participants who registered | SG Percent who registered on the |SG 1SG and portal

8|SG: 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
participantswas 37.49 years (SD 17.15). Thiswasamoderately
depressed cohort with PHQ-9 scores ranging between 7.22 to
10.24 for the 3 randomi zation groups with amean for the entire
sample of 9.18 (SD 4.64). With regard to education and
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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 individuas 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
igibility criteria(8 with past psychiatric hospitalization, 8 with
asalf-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 refusalsfor initial contact by study staff. Of thosereferred
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 1SG directly, whereas 27 of 50 (54%)
registered on the | SG itself. Participants who visited the portal
logged in for amean of approximately 2 hours (118.5 minutes)
each. Participants who visited the 1SG 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 replieswere not replied
to (new posts: 3 replied to, 6 not replied to).

Participation by Randomization Group

The interna motivation group had significantly greater
participation for several participation measuresthan the neutral
motivation group with moreindividual data submissions (mean
7.53 vs mean 0.39, P=.01, effect size [ES] 0.67, Cl —0.02 to
1.32), were more likely to attempt to submit at |east 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, Cl —0.07 to 1.27 and mean 0.19 vs mean 0.01,
P=.02, ES 0.55, Cl -0.19 to 1.26, respectively). The neutra
motivation group spent significantly more timelogged onto the
I SG 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, Cl -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 I SG directly (79% vs46%, 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 t0 1.27 and mean 0.19 vs mean 0.01, P=.05, ES 0.55, Cl
—0.19 to 1.26, respectively). No other significant differences
were observed.
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Email Reminders

During the course of the study, 22 participantsreceived 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

Inthe 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). Threeitems, “participating isimportant,” “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 | 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 |
should go” P=.03, and “physicians think | should go” P=.01)
and 1 was not statically significant (“want to do what friends
think” P=.08). The motivation items and participation in
decison 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). Basdline CES-D, was not statically significant
(P=.06). Self-efficacy was statistically significant (P=.04). Two
intention items, “ my family supportsmegoing” and “physicians
think | should go,” were statisticaly significant (P=.04 and
P=.046, respectively), and another 2, “friends think | should
go” and “want to do what physiciansthink,” 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.

Van Voorhees et al

Items Participants (N=50) P value
Neutral motivation Internal motivation External motivation
(card) (brochure) (recommendation)
n=18 n=19 n=13
Age (years), mean (SD) 34.83(12.72) 39.39 (16.83) 34.42 (19.49) .62
PHQ-9 score, mean (SD) 9.13 (5.84) 10.24 (3.72) 7.22(3.83) 29
Gender, n (%)
Male 4(22) 6 (33) 5(42) 54
Female 14 (78) 12 (67) 7 (58)
Ethnicity, n (%)
White 10 (56) 8 (44) 5(42) 71
Non-white 8 (44) 10 (56) 7 (58)
Education, n (%)
Some high school 3(17) 1(6) 2(17) 72
High school graduate 1(6) 2(1y 2(17)
Some college 5(28) 7(39) 5(42)
College graduate 9 (50) 8 (44) 3(25)
Marital status, n (%) a
Married 1(6) 1(24) 1(8) .62
Divorced/separated/widowed 2(1) 2(12) 1(8)
Never married 3(15) 11 (65) 10(83)
Talk to health care provider, n (%)
Yes 11 (61) 10 (59) 3(27) .19
Treatment, n (%)
Yes 8(57) 9(69) 4(50) 75
Family treatment, n (%)
Yes 5(28) 8 (47) 2(17) 22
Counsdling, n (%)
Yes 10 (56) 12 (71) 6 (50) 56

Income (US$), mean (SD) 35,025.00 (30,344.51)  57,553.67 (84,277.86) 43,056.67 (52,325.73) .90

aMarital 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.

Items Participants, n (%)@

Timeon portal (minutes) b

0 20 (40)
1 6(12)
2 2(4)
3 2(4)
4 3(8)
5 2(4)
6 1(2)
9 12
13 12
15 12
16 1(2)
19 12
30 1(2)
31 12
45 1(2)
51 12
53 1(2)
89 12
543 1(2)
774 12
1301 12

Number of posts viewed
0 25 (50)
1 12
2 4(8)
3 2(4)
4 2(4)
5 12
6 1(2)
9 2(4)
12 12
15 2(4)
16 1(2)
17 2(4)
20 1(2)
46 12
54 1(2)
55 12
7] 12
152 12
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Items Participants, n (%)2

Number of communications

0 40 (80)
3 1(2)
4 1(2)
7 3(6)
8 1(2)
12 1(2)
16 1(2)
34 1(2)
59 12

@ 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<.10.2

Items Neutral motivation Internal motivation External motivation
(card) (brochure) (recommendation)
n=18 n=19 n=13

Time, mean (SD)

Total time 74.68 (228.13) 45 (8.63)

Minutes logged (portal) 56.21 (175.66) 4.08 (8.3)

Minutes logged (1SG) 9.27 (26.59) 18.47 (53.24) 0.23 (0.6)
Posting

Data submitted, mean (SD) 0.39 (1.65) 7.53 (15.09) 0.54 (1.94)

Post attempted, mean (SD) 0.17 (0.71) 5.21 (11.54) 0.23(0.83)

Percent of those who attempted to post at 1 (6) 2(42) 1(8)

least once, n (%)

Post attempted by each participant who ~ 0.01 (0.03) 0.19 (0.43) 0.01 (0.03)

registered, mean (SD)
Portal and 1 SG, mean (%)
Visited portal or ISG 15 (78.95) 6 (46.15)

8 For full data, see Multimedia Appendix 1.
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Table 5. Group comparisons of participation measures reporting only with P<.10.2

Items 2-group P value
Neutral (card) vsinterna Neutral (card) vs external Interna (brochure) vs external
(brochure) (recommendation) (recommendation)
Time
Total time .08
Minutes logged (portal) .09
Minutes logged (1SG) .04 .08
Posting
Data submitted .01 .03
Post attempted .02 .05
Percent of those who attempted at least .02 .05
once
Post attempted by each participant who .02 .05
registered
Portal and I SG
Visited portal or registered 1SG .05

@ For full data, see Multimedia Appendix 1.

Table 6. Predictors of time on-site reporting only with P<.10.2

Predictors n Mean Model 1 Model 2
(SD)

Beta SE P Beta SE P

Attitudestoward Internet including self-deter mination theory
Concern for adver se experiences

| might read troubling comments about depres- 48 3.67 -0.58 0.25 .03 -0.62 0.28 .03
sion on the Internet (1.12)

Preventive health model questions

Beliefs about intervention

Participating in a depression Internet social 46 3.59 0.58 0.29 .049 0.27 0.32 40
support website is an important thing to do (1.02)

Attitudestoward intervention

The benefits of adepression Internet social sup- 46 3.48 0.66 0.34 .06
port site outweigh any difficulty (0.86)
Social norms
| want to do what themembersof my immediate 43 2.98 0.54 0.30 .08
family think I should do (1.03)
Physicians and other health care professionals 45 3.02(12) 047 0.25 .07
want me to go to an Internet intervention site
| want to do what the physiciansand other hedlth 45 34(091) 0.8 0.32 .02 0.45 0.36 23
care professionals want me to do
Self-efficacy
Visiting this depression Internet social support 46 3.89 0.62 0.30 .047 0.43 0.29 16
siteisan easy thing to do (0.97)

@For full data, see Multimedia Appendix 1.
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Table 7. Predictors of posts viewed reporting only with P<.10.2
Predictors n Mean (SD) Model 1 Model 2
Beta SE P Beta SE P
Social factors
Self-efficacy scale %5 0.44(0.87) 0.63 0.37 .09
Preventive Health Model
Social norms
My close friendssupport megoingto 4 2.78 (1.13) 0.85 0.4 .03 0.13 0.55 81
depression socia support Internet site
| want to do what my closefriendsthink 45 2.82 (0.98) 0.93 053 .08
I should do
Physicians and other health care profess 46 3.02 (1.20) 0.88 0.33 .01 0.79 0.49 A1
sion{:\lsw_ant meto go to an Internet inter-
vention site
@ For full data, see Multimedia Appendix 1.
Table 8. Predictors of posts attempted reporting only those with P<.10.2
Predictors n Mean (SD) Model 1 Model 2
Beta SE P Beta SE P
Mood
Baseline CES-D 43 919 (4.64) 0.28 0.15 .06
Social factors
Self-efficacy scale 45 0.44(0.87) 1.56 0.76 .04 15 0.77 .05
Attitudestoward Internet including self-deter mination theory
Connection seeking
Ableto help others by sharing my expe- 47  3.53 (1.08) 205 107 .06
riences on the Internet
Preventive health model
Social norms
My close friends support megoingto 45  2.78 (1.13) 204 107 .06
depression social support Internet site
My immediatefamily supportsmegoing 45 2.71(1.25) 158 075 .04 1.07 0.57 .06
to a depression Internet social support
site
Physicians and other health careprofes- 45 3.02 (1.2) 0.81 041 .046 0.23 0.43 .60

sionalswant meto go to an Internet inter-
vention site

| want to do what the physicians and 45 3.4(0.91)
other health care professionals want me
to do

Transtheoretical model of change/M |
Readiness 48 7.81(2.73)

128 067 .06

065 036 .07

8 For full data, see Multimedia Appendix 1.

Discussion

This study suggests that low-cost and relatively low-intensity
primary carereferral methods are useful for engaging | SG-naive
patientswith depressed mood with adepression 1 SG. Our results
support hypothesis 1 that referral of primary care patientsto an

http://www.jmir.org/2013/3/e42/

RenderX

I nternet-based social support group portal was effective (>30%
visited the sitein all groups). Hypothesis 2 was not supported,
whereby a patient-oriented brochure primarily focused on
diciting internal motivations demonstrated greater participation
on multiple measures with moderate effect sizesthan ageneric
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%)
intheinternal 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
interventionsfor 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 referra methods was on measures of posting,
rather than simply viewing, which perhaps supportsthe premise
that higher quality motivationiscritical 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 chooseto participatein our mental health 1 SG.
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 servicesfactors (referral by amental health professional),
and attitudes (importance, self-efficacy, and perceived benefits)
[50,53,54]. Although the attitudinal predictors of participation
in an 1SG are similar to those for Internet-based self-directed
psychotherapy, social normsappear to be moreimportant factors
in predicting participation in an ISG [44,50,55-57]. Perhaps
participants considered using an Internet-discussion group to
be more of a socia choice than a treatment decision or event,
and when considering something unfamiliar they defer to the

http://www.jmir.org/2013/3/e42/
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judgment of others. It is uncertain how much participation on
an 1SG could be as sensitive to comparisons of activity with
other individual s such asthat occurswith 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 aresult 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) aletter 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 casesdelivery
of theintervention elements, (4) delivery of emailsto 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
interfaceslike those of the portal and | SG. 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 biasis 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
aswell. Although it is possible that some participants were not
| SG-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 | SGs than the general population.
Becausewedid not collect dataon prior use of other depression
I SGs, we cannot determine the extent to which prior use may
haveinfluenced participation inthe | SG 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
referralsto 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 amenableto 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

Van Voorhees et al

are substantialy 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
servicesresearchers should consider streamlined approachesto
engaging patients with reliable and reputable Internet-based
supportive social media. The next logical step would be a
randomized clinical trial in aprimary care setting to determine
if referral to Internet-based social support for those with
depressive illness improves quality of care, symptoms, and
function.

illnessin which treatment adherence and perhaps even outcomes
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Abstract

Background: Cognitive behavioral therapy is recommended in the National Institute for Clinical Excellence guidelines for the
treatment of bulimianervosa. In order to make thistreatment option more accessibleto 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 wor