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Abstract

Cloud computing is a new way of delivering computing resources and services. Many managers and experts believe that it can
improve health care services, benefit health care research, and change the face of health information technology. However, as
with any innovation, cloud computing should be rigorously evaluated before its widespread adoption. This paper discusses the
concept and its current place in health care, and uses 4 aspects (management, technology, security, and legal) to evaluate the
opportunities and challenges of this computing model. Strategic planning that could be used by a health organization to determine
its direction, strategy, and resource alocation when it has decided to migrate from traditional to cloud-based health servicesis

also discussed.

(J Med Internet Res 2011;13(3):€67) doi:10.2196/jmir.1867
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Introduction

Cloud computing refers to an on-demand, self-service Internet
infrastructure that enables the user to access computing
resources anytime from anywhere [1]. It is a new model of
delivering computing resources, not anew technology. Examples
of commonly used non-health care applications include
Microsoft Hotmail and Google Daocs, while some better known
applications in health care include Microsoft HealthVault and
Google Health platform (recently discontinued [2]). However,
compared with conventional computing, this model provides
three new advantages: massive computing resources available
on demand, elimination of an up-front commitment by users,
and payment for use on ashort-term basisasneeded [3]. Severa
articles, forums, and blogs have reported its applications in
industry, business, transportation, education, and national
security [4-7].

Health care, as with any other service operation, requires
continuous and systematic innovation in order to remain cost
effective, efficient, and timely, and to provide high-quality

http://www.jmir.org/2011/3/e67/

services. Many managers and experts predict that cloud
computing canimprove health care services, benefit health care
research, and change the face of information technology (IT)
[8-13]. For example, Schweitzer [10], Haughton [11], and
Kabachinski [12] believe that cloud computing can reduce
electronic health record (EHR) startup expenses, such as
hardware, software, networking, personnel, and licensing fees,
and therefore will encourageits adoption. Research by Rosenthal
et a shows that the biomedical informatics community,
especialy consortiums that share data and applications, can
take advantage of the new computing paradigm [13]. As
indicated in the paper by Anderson et a, data-handling
problems, complexity, and expensive or unavailable
computational solutionsto research problems are major issues
in biomedical research data management and analysis [14].
Several informatics innovations have demonstrated that cloud
computing has the potential to overcome these difficulties
[15-21].

Despite the many benefits associated with cloud computing
applicationsfor health care, there are also several management,
technology, security, and legal issues to be addressed. Theaim
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of this paper is to discuss the concept of cloud computing, its
current applications in headth care, the challenges and
opportunities, and how to implement strategic planning when
the organization has decided to move to the new model of
service.

Cloud Computing: A New Economic
Computing Model

Cloud computing is still a developing paradigm, and its
definition, attributes, and characteristics will evolve over time.
Vaquero et a studied more than 20 definitions and tried to
extract a consensus definition as well as a minimum definition
containing the essential characteristics. Based on the study, they
defined cloud computing as follows [22]:

Clouds are a large pool of easily usable and
accessible virtualized resources (such as hardware,
development platforms and/or services). These
resources can be dynamically re-configured to adjust
to a variable load (scale), allowing also for an
optimum resource utilization. This pool of resources
istypically exploited by a pay-per-use model in which
guarantees are offered by the I nfrastructure Provider
by means of customizedService-Level Agreements.

From a service point of view, cloud computing includes 3
archetypal models: software, platform, and infrastructure
[1,23-25].

(1) Software as a service (SaaS): The applications (eg, EHRS)
are hosted by a cloud service provider and made available to
customers over anetwork, typically the Internet.

(2) Platform as a service (PaaS): The development tools (eg,
operation systems) are hosted in the cloud and accessed through
a browser. With PaaS, developers can build Web applications
without installing any tools on their computer, and then deploy
those applications without any specialized administrative skills.

(3) Infrastructure asa service (laaS): The cloud user outsources
the equipment used to support operations, including storage,

http://www.jmir.org/2011/3/e67/
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hardware, servers, and networking components. The provider
owns the equipment and is responsible for housing, running,
and maintaining it. The user typically pays on a per-use basis.

To deploy cloud computing, the US National Institute of
Standards and Technology (NIST) listed 4 models (see Figure
1) [1,26]:

(1) Public cloud: A cloud service provider makes resources
(applications and storage) available to the general public over
the Internet on a pay-as-you-go basis. For example, the Amazon
Elastic Compute Cloud (EC2) allows users to rent virtua
computers on which to run their own applications. EC2 runs
within Amazon’s network infrastructure and data centers and
allows customers to pay only for what they use with no
minimum fee.

(2) Private cloud: A cloud infrastructure is operated solely for
a single organization. In other words, the proprietary network
or the data center supplies hosted servicesto a certain group of
people. For example, Microsoft Azure enables customers to
build the foundation for a private cloud infrastructure using
Windows Server and System Center family of products with
the Dynamic Data Center Toolkit.

(3) Community cloud: The cloud infrastructure is shared by
several organizations with common concerns (eg, mission,
security requirements, policy, and compliance considerations).
For example, the Google GovCloud provides the Los Angeles
City Council with a segregated data environment to store its
applications and data that are accessible only to the city’s
agencies.

(4) Hybrid cloud: The cloud infrastructure comprises 2 or more
clouds (private, public, or community). In this infrastructure,
an organization provides and manages some resources within
its own data center and has others provided externaly. For
example, IBM collaborates with Juniper Networks to provide
ahybrid cloud infrastructure to enterprisesto seamlessly extend
their private clouds to remote servers in a secure public cloud

[27].
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Figure 1. The cloud computing deployment models.
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Status and Adoption of Cloud Computing
in Health Care

Many previous studies reported the potential benefits of cloud
computing and proposed different models or frameworksin an
attempt to improve health care service [28-35]. Among them,
Rolim et a proposed a cloud-based system to automate the
process of collecting patients' vital dataviaanetwork of sensors
connected to legacy medical devices, and to deliver the datato
a medical center's “cloud” for storage, processing, and
distribution. The main benefits of the system arethat it provides
userswith 7-days-a-week, real-time data collecting, eliminates
manual collectionwork and the possibility of typing errors, and
easesthe deployment process[36]. Nkosi and M ekuriadescribed
acloud computing protocol management system that provides
multimedia sensor signal processing and security as a service
to mobile devices. The system hasrelieved mobile devicesfrom
executing heavier multimedia and security algorithms in
delivering mobile health services. This will improve the
utilization of the ubiquitous mobile device for societal services
and promote heath service delivery to marginaized rura
communities[37]. Rao et a reported apervasive cloud initiative
called Dhatri, which leveraged the power of cloud computing
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and wirel esstechnol ogiesto enabl e physiciansto access patient
health information at anytime from anywhere [38]. Koufi et al
described a cloud-based prototype emergency medical system
for the Greek Nationa Health Serviceintegrating the emergency
system with personal hedth record systems to provide
physicianswith easy and immediate accessto patient datafrom
anywhere and viaalmost any computing device while containing
costs [39].

Numerous of articlesand resources al so reported the successful
application of cloud computing in bicinformatics research
[15-21,40,41]. For example, Avila-Garcia et al proposed a
framework based on the cloud computing concept for colorectal
cancer imaging analysis and research for clinical use [18].
Bateman and Wood used Amazon’'s EC2 service with 100 nodes
to assemble a full human genome with 140 million individual
reads requiring alignment using a sequence search and aignment
by hashing (SSAHA) algorithm [19]. Kudtarkar et a also used
Amazon's EC2 to compute orthologous relationships for
245,323 genome-to-genome comparisons. The computation
took just over 200 hours and cost US $8,000, approximately
40% less than expected [20]. Memom et a applied cloud
computing to evaluate the impact of G-quadruplexes on
Affymetrix arrays [21]. The Laboratory for Personalized
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Medicine of the Center for Biomedical Informatics at Harvard
Medical School took the benefits of cloud computing to develop
genetic testing models that managed to manipulate enormous
amounts of datain record time [41].

Besides academic researchers, many world-class software
companies have heavily invested in the cloud, extending their
new offerings for medical records services, such asMicrosoft’'s
HealthVault, Oracle’'s Exalogic Elastic Cloud, and Amazon
Web Services (AWS), promising an explosion in the storage of
persona health information online. Also, the use of health cloud
computing is reported worldwide. For example, the AWS plays
host to acollection of health care I T offerings, such as Salt Lake
City-based Spearstone’s hedlth care data storage application,
and DiskAgent uses Amazon Simple Storage Service (Amazon
S3) asits scalable storage infrastructure [42].

The American Occupational Network isimproving patient care
by digitizing health records and updating its clinical processes
using cloud-based software from IBM Business Partners
MedTrak Systems. The company now can provide faster and
more accurate billing to individuals and insurance companies,
shortening the average time to create a bill from 7 daysto less
than 24 hours, and reducing medical transcription costs by 80%
[43].

The US Department of Health & Human Services' Office of
the National Coordinator for Health Information Technology
recently chose Acumen Solutions cloud-based customer
relationship management and project management system for
the selection and implementation of EHR systems across the
United States. The software enables regional extension centers
to manage interactions with medical providers related to the
selection and implementation of an EHR system [44].

Telstra and the Royal Australian College of Generd
Practitioners announced the signing of an agreement to work
together to build an eHealth cloud. Telstrais one of the leading
telecommunications providers in Australia; the College is the
largest general practice representative body in Australia with
more than 20,000 members and over 7000 in its National Rural
Faculty. The eHealth cloud will host health care applications

http://www.jmir.org/2011/3/e67/
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including clinical software, decision-support toolsfor diagnosis
and management, care plans, referral tools, prescriptions,
training, and other administrative and clinical services[45].

In Europe, a consortium including IBM, Sirrix AG security
technol ogies, Portuguese energy and solution providers Energias
de Portugal and EFACEC, San Raffaele Hospital (Italy), and
several European academic and corporate research organizations
contracted Trustworthy Clouds—a patient-centered home health
care service—to remotely monitor, diagnose, and assist patients
outside of a hospital setting. The complete lifecycle, from
prescription to delivery to intake to reimbursement, will be
stored in the cloud and will be accessible to patients, doctors,
and pharmacy staff [46].

Health Cloud Computing Opportunities
and Challenges

Recent research indicatesthat 75% of chief information officers
reported that they will need and use cloud computing in the near
future [47,48]. The forecast, conducted by Mark Beccue,
suggested that the number of people subscribing to mobile cloud
applicationswill risefrom 71 million to nearly abillion by 2014
[49]. In health sectors, many organizations, managers, and
experts believe that the cloud computing approach can also
improve services and benefit research [8-13]. In addition, a
report by the European Network and Information Security
Agency (ENISA) stated that this new computing model is set
to see massive global investment in many sectors, including
health care [50]. The report also estimated that, by 2013, US
$44 hillion will be spent worldwide on cloud computing,
potentially providing huge benefits to health care.

Aswith any innovation, cloud computing should be rigorously
evaluated before its widespread adoption. Few research papers
have systematically studied the impact of cloud computing on
health care I T interms of its opportunities and challenges. This
study reviewsthe literature and eval uates the opportunities and
challenges from the viewpoint of management, technology,
security, and legality (see Table 1).
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Table 1. Cloud computing opportunity and challenge summary
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Aspects Opportunities

Challenges

Management Lower cost of new I T®infrastructure

Computing resources available on demand

Payment of use on a short-term basis as needed

Technology Reduction of 1T maintenance burdens

Scalability and flexibility of infrastructure

Advantage for green computing

Security

Replication of datain multiple locations increasing data

security

Dynamically scaled defensive resources strengthening re-

silience

Lega
privacy

Development of guidelines and technologies to enable the

More resources available for data protection

Provider’'s commitments to protect customer’s data and

Lack of trust by health care professionals
Organizational inertia

Loss of governance

Uncertain provider’s compliance

Resource exhaustion issues

Unpredictable performance

Datalock-in

Data transfer bottlenecks

Bugsin large-scale distributed cloud systems
Separation failure

Public management interface issues

Poor encryption key management

Privilege abuse

Data jurisdiction issues

Privacy issues

construction of trusted platforms by not-for-profit organi-

zations

Fostering of regulations by government for dataand privacy

protection

& | nformation technol ogy.

M anagement Aspect

Opportunity

The principle advantage of cloud computing isitslow cost. For
example, Amazon charges only US $0.1 per hour for 1.0-GHz
x 86 instruction set architecture “slices’” of EC2. Amazon S3
charges US $0.12 to $0.15 per gigabyte-month, with additional
bandwidth charges of US $0.10 to $0.15 per gigabyte to move
datainto and out of AWS over the Internet [51]. An organization
can easily get a cost-effective and on-premise IT solution
through cloud computing without the need to purchase or
evauate hardware or software, or to hire internal IT staff to
maintain and service in-house infrastructure [20,41,51]. The
result isthat the organization can focuson critical tasks without
having to incur additional costs with regard to IT staffing and
training.

Also, the cloud computing approach speeds deployment while
maintaining vital flexibility (ie, rapid elasticity and ubiquitous
access to health resources). This capability means that, as
demand changes, hospitals and other health care providers do
not need to adjust their infrastructures to accommodate the
changes.

Challenges

The main challenges include lack of trust in data security and
privacy by users, organizational inertia, loss of governance, and
uncertain provider's compliance.

http://www.jmir.org/2011/3/e67/

Trust is at the heart of the resistance that many customers have
to the cloud [52]. Concerns arise when their sensitive data and
mission-critical applications move to a cloud computing
paradigm where providers cannot guarantee the effectiveness
of their security and privacy controls [53].

Cultural resistance (ie, organizational inertia) to share dataand
change traditional ways of working is a common management
challenge to adopting cloud computing.

In some cases, a service level agreement may not offer a
commitment to allow the client to audit its data. The loss of
data governance could have a severe impact on a cloud user’'s
strategy and therefore on the capacity to meet its mission and
goals.

Finally, if a provider cannot meet the requisite compliance
norms (eg, applicable laws, regulations, standards, contracts,
or policy changes), then acustomer’sinvestment may be at risk.
In some cases, certain customer services (eg, credit card
transactions) cannot be used [54].

Technology Aspect

Opportunity

Smaller hospitals, medical practices, and laboratories typically
do not have internal IT staff to maintain and service in-house
infrastructure for mission-critical applications such as EHRSs.
Therefore, eliminating the new infrastructure cost and the IT
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maintenance burdens can remove many obstacles to EHR
adoption [10,55]. For bigger health organizations, placing data
storage or I T application needsin the hands of a cloud provider
essentially shifts the IT management burden to a third-party
provider. From an IT management’s point of view, cloud
computing can increase the scalability, flexibility, and cost
effectiveness of infrastructure.

Also, cloud computing has advantages for so-called green
computing—the more efficient use of computer resources to
help the environment and promote energy saving. Usage of
ready-made computing resources tailored to an organization’s
needs certainly helpsit to reduce electricity expenses. While it
saves on electricity, it also saves on resources required to cool
off computers and other components. Thisreducesthe emission
of dangerous materials into the environment [56].

Challenges

Several technical challenges related to the use of cloud
computing include resource exhaustion, unpredictability of
performance, data lock-in, data transfer bottlenecks, and bugs
in large-scale distributed cloud systems.

Low cost and computing resources available on demand are
two key features of cloud computing. However, the market is
becoming crowded with large providers. Because of high
competition, many cloud providers overcommit computing
resources (eg, central processing unit [CPU] allocation, storage
space, applications) to attract customers. In order to maintain
the profit, they cut corners in the value-delivery system. For
example, they may limit access to the cloud resources, or use
out-of-date hardware or software or deploy older CPU
technology. Unfortunately, most cloud customers are unable to
governthevirtual architecture, and the providersusually do not
permit an audit by the customers. Theresult isvariable leading
to unpredictable performancein the service[57]. Thisdifference
between the customer’s expectation and what the provider can
really deliver presents amajor technical challenge for the cloud
customer to provide high-quality service to its own users.

Datalock-inisalso animportant challenge. In some cases, cloud
users may have to move data or servicesto another provider or
back to anin-house I T environment because the provider ceases
business or service operations. For example, Google decided
to discontinue its Google Health service on January 1, 2012.
Users have a year to download their heath data [2].
Unfortunately, most cloud infrastructures provide very little
capability on data, application, and serviceinteroperability [51].
This makes it difficult for a customer to migrate from one
provider to another, or move data and services back to an
in-house IT environment.

Some cloud users (eg, biomedical research laboratories) may
need to frequently upload to or download very large amounts
of datafrom the cloud. Application users may find that thereis
a data transfer bottleneck because of physical networking
bandwidth limitation. Another specific technical risk is that of
bugsin large-scale distributed cloud systems. When compared
with in-house IT systems, the errors in these very large
distributed infrastructures are more difficult to debug [51].

http://www.jmir.org/2011/3/e67/
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Security Aspect

Opportunity

Perhaps the strongest resistance to the adoption of cloud
computing in health IT centers relates to data security [58].
Nevertheless, compared with locally housed data, thismodel is
not necessarily less secure. In some cases, it typically improves
security because cloud providers (eg, Microsoft, Google,
Amazon) are able to devote huge resources to solving security
issues that many customers cannot afford, in contrast to the
destruction of many medical records and legal documents in
the Japan 9.0 magnitude earthquake or the New Orleans
Hurricane Katrina disaster.

All kinds of security measures, such as in hardware, software,
human resources, and management costs, are cheaper when
implemented on a large scale. Most cloud providers replicate
users' datain multiplelocations. Thisincreases dataredundancy
and independence from system failure and provides a level of
disaster recovery. In addition, a cloud provider aways has the
ability to dynamically reall ocate security resourcesfor filtering,
traffic shaping, or encryption in order to increase support for
defensive measures (eg, against distributed denial-of-service
attacks). The ability to dynamically scale defensive resources
on demand has obvious advantages for resilience [54].

Challenges

There are many data security risks in the use of IT, such as
hacker attacks, network breaks, natural disasters, separation
failure, public management interface, poor encryption key
management, and privilege abuse. Specific risks to cloud
computing are separation failure, public management interface,
poor encryption key management, and privilege abuse.

Cloud computing is usualy accessible to many different
customers. If the provider failsto separate the resources, it could
cause very serious security risks. For example, a customer
requests to delete data stored in the virtua infrastructure; as
with most operating systems, thismay not result in true erasing
of the dataimmediately. The dataare till stored on the disk but
arejust not available[54]. In the multiple tenancies environment,
hardware resources are reused by other customers. In this case,
athird party could have access to another customer’s “ del eted”
data. This presents a higher risk to the cloud customers than
with dedicated hardware.

The public management interface is cloud computing's other
Achilles heel. Asindicated in the ENISA’s cloud computing
risk summary [54]:

The customer management interfaces of public cloud
providers are Internet accessible and mediate access
to larger sets of resources (than traditional hosting
providers) and therefore pose an increased risk
especially when combined with remote access and
Web browser vulnerabilities

Strong encryption with key management is one of the core
mechanismsthat cloud computing systems use to guard against
dataloss and theft. However, apoor key management procedure
may cause loss of encryption keys, disclosure of secret keys or
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passwords to malicious parties, or unauthorized use for
authentication.

Lastly, as cloud use increases, employees may increasingly
become targets for criminal organizations. If the malicious
insider is a system administrator, then he or she could use his
or her privilegesto steal critical data.

L egal Aspect

Opportunity

Data and privacy protection are essential to building the
customer trust needed for cloud computing to reach its full
potential. If the providers adopt better and clearer policies and
practices, users would be better able to assess the related risks
they face. Fortunately, many main providers have commitments
to devel op best policies and practicesto protect customers’ data
and privacy [59-61]. Besides providers' commitments to this
protection, some organizations, such as the Cloud Security
Alliance, have developed a comprehensive guide to deal with
security and privacy issues[62]. The Trusted Computing Group
(http://lwww.trustedcomputinggroup.org/), a not-for-profit
organization, suggests a set of hardware and software
technologies to enable the construction of trusted platforms.
Governments also play acritical role by fostering widespread
agreement regulations for both users and providers [63-66].

Challenges

The use of cloud computing presents many legal issues such as
contract law, intellectual property rights, data jurisdiction, and
privacy [67-71]. Among them, data jurisdiction and privacy
iSsues are major concerns.

Inthecloud, physical storages could bewidely distributed across
multiple jurisdictions, each of which may have different laws
regarding data security, privacy, usage, and intellectual property
[70,71]. For example, the US Health Insurance Portability and
Accountability Act (HIPAA) [63] restricts companies from
disclosing persona health data to nonaffiliated third parties,
and the Uniting and Strengthening America by Providing
Appropriate Tools Required to Intercept and Obstruct Terrorism
(PATRIOT) Act [72] gives the US government the right to
demand dataif it declares conditions as being an emergency or
necessary to homeland security. Similarly, the Canadian
Personal Information Protection and Electronic Documents Act
(PIPEDA) [64] limits the powers of organizations to collect,
use, or disclose personal information in the course of
commercia activities. However, aprovider may, without notice
to a user, move the user's information from jurisdiction to
jurisdiction. Data in the cloud may have more than one legal
location at the same time, with differing legal conseguences.

Cloud computing is a shared resource and multitenancy
environment for capacity, storage, and network. The privacy
risk of this type of environment includes the failure of
mechanisms for separating storage, memory, routing, and even
reputation between different tenants of the shared infrastructure.
The centralized storage and shared tenancy of physical storage
space means the cloud users are at higher risk of disclosure of
their sensitive data (eg, health records) to unwanted parties[54].
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Poor breach notification isalso animportant privacy issue[73].
For example, the PIPEDA proposed a new requirement for
organizations to report material data breaches to the Privacy
Commissioner of Canada and to notify individualswhere there
is arisk of harm [64]. Unfortunately, the breach notification
does not really protect a customer’s privacy. A recent survey
shows that consumers who have received data breach
notifications within the past year are at a much greater risk for
fraud than the typical consumer [74].

Cloud Computing Strategic Planning

When a health organization considers moving its service into
the cloud, it needs strategic planning to examine the new
model’s benefits and risks, assess its capabilitiesto achieve the
goal, and identify strategies designed for its implementation.
Several referencesare availablefor establishing acloud strategic
plan. For example, Marks and Lozano [75] describe the cloud
computing adoption life cycle method involving 9 stagesto help
users begin a cloud project. These are proof of concept/pilot
project, strategy and roadmap, modeling and architecture,
implementation  planning, implementation, expansion,
integration, collaboration, and maturity.

The Project Management Institute, anot-for-profit membership
association for the project management profession, published
awhite paper on cloud computing that can be used asareference
for any cloud project manager. The paper provides 8 key steps
for implementing cloud computing, as well as 2 case studies
that support the method [76].

Stanoevska-Slabevaet a [77] also provide practical guidelines
for moving traditional IT infrastructure toward clouds: initial
analysisof demand and readinessfor cloud computing, strategic
decision to introduce cloud computing, pilot implementation,
internal interconnection, inclusion of external resources, and
continuous monitoring and eval uation.

The US Federal Health IT Strategic Plan [78], released in June
2008, can also be used for large government bodiesto implement
health cloud projects. The Plan charged the Office of the
National Coordinator for Health Information Technology with
a leadership role for the development and nationwide
implementation of an interoperable health IT infrastructure to
improve the quality and efficiency of health care. The strategic
plan has 2 goals: patient-focused health care and population
health, with 4 objectives under each goal. The objectives for
both goals are privacy and security, interoperability, adoption,
and collaborative governance. The Plan for achieving each goal
is detailed through 43 strategies that describe the work needed
to achieve each objective. Each strategy is associated with a
milestone against which progress can be assessed and a set of
illustrative actions to implement each strategy.

Besides the above-discussed strategic planning methods, this
paper, based on a study [79], proposes a health care cloud

computing strategic planning (HC?SP) model that can be used
by ahealth organization to determineitsdirection, strategy, and
resource allocation to migrate from traditional health services
to cloud-based services. The model includes 4 stages:
identification, evaluation, action, and follow-up (see Figure 2).
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Figure 2. Hedlth care cloud computing strategic planning (HCZSP) model (SWOT = strengths, weaknesses, opportunities, and threats, VOC = voice

of customer).
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Stage 1: Identification

In this HC?SP model, the first stage is to analyze the current
status of the health organization’s service process and identify
the fundamental objective of service improvement by hearing
the voice of the customer or the patients. The root causes
analysis method can be applied to analyze the problems of the
current service process. A typical hierarchy of causeswould be
expressed as follows [80]:

Problem #1: The process of patient admission to, or discharge
from, hospital istoo long. Why? Thereistoo much unnecessary
(duplicate) charting. Why? The paper-based charting systemis
inefficient. Why? There is lack of automated information
systems such as EHR/EMR. Why? It involves alot of up-front
IT investments and maintenance.

The objective identification and its scope must be clarified so
as to serve the end users (patients) more efficiently and
effectively. In addition, the strategic planning team hasto define
health care service quality indicators and explain their purpose
as well as the use of each indicator. This stage of the model
provides the strategic planning team with a well-defined scope
for the service problem being faced.
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Stage 2: Evaluation

The second stage of the model is to evaluate the opportunities
and challenges of adopting cloud computing. ENISA [54], the
Cloud Security Alliance [62], and NIST [53] have developed
comprehensive guides to evaluate the benefits and risks of
adopting cloud computing. A potential user can also apply a
strengths, weaknesses, opportunities, and threats (SWOT)
analysisto evaluate the feasibility of the cloud-based approach
[81].

Furthermore, the user needs to assess methods to handle the
identified issues. Many references are available for this purpose
(see Table 2[51,53,62,71,82,83]). For example, Armbrust et al
[51] report 10 maor obstacles for cloud computing. Each
obstacle is paired with opportunities (solutions), ranging from
straightforward product devel opment to major research projects.
Buyya and Ranjan [82] discuss severa cloud-federated
management issues, such as data transfer bottlenecks, shared
logging, and federation of distributed clusters. They aso provide
further references to handle the discussed issues. In addition,
Kuo et al [83] propose an XM L -based mediator to conquer data
lock-in problems.
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Challenges Resources

Solution Summary

Management and technical issues  Armbrust et a [51]
Buyyaand Ranjan [82]
Kuo et d [83]

Security and legal issues Cloud Security Alliance [62]
NIST? guidelines [53]

Ward and Sipior [71]

Ten solutions to handle technical, policy, and business issues

Further references to handle cloud-federated management issues

XML -based mediator to handle data lock-in (interoperability) problems
Solutions to handle cloud governance and operation issues (12 domains)

Precaution recommendations to deal with security and privacy issues

Five strategies for handling data jurisdiction issues

aNational Institute of Standards and Technology.

The Cloud Security Alliance [62] describes 12 domains of
concerns for cloud computing. The domains are divided into 2
broad categories. governance and operations. Solution
recommendations are also provided for each domain. The NIST
Guidelines on Security and Privacy in Public Cloud Computing
[53] names many key cloud security and privacy issues and the
corresponding precaution recommendations for organizations
to follow when planning or initiating a public cloud service
outsourcing arrangement. Ward and Sipior [71] focus on
jurisdiction issues. They recommend 5 strategies for cloud
customers to deal with jurisdiction problems.

Stage 3: Action

After evaluating the new computing model, the organization
will be able to determine whether to adopt the service or not.
If the answer isyes, it needsto draw up an implementation plan.
This paper proposes a 5-step plan as follows.

Step 1: Determine the Cloud Service and Deployment
Model

As discussed above, cloud computing can refer to severa
different service types (SaaS, PaaS, and laaS) and different
deployment models (private, public, community, and hybrid
cloud). Each service type or deployment model has its own
benefits and risks [55]. Therefore, the key considerations in
contracting for different types of services or deployment models
should be different.

Step 2: Compare Different Cloud Providers

Choosing a proper cloud provider isthe most important part of
theimplementation plan. Different providers may offer different
service models, pricing schemes, audit procedures, and privacy
and security policies. The organization hasto compare different
offerings. Also, it needs to evaluate the provider’s reputation
and performance before it signs a contract.

Step 3: Obtain Assurance From Selected Cloud Provider

The organization needs assurances that the selected provider
will provide quality of service and follow sound privacy,
security, and legal practices and regulations. The
quality-of-service assurances include on-demand access,
pay-per-use, rapid-elasticity, on-time troubleshooting support,
and operational transparency [54]. The privacy and security
assurances cover data confidentiality, integrity, availability,
authenticity, authorization, and nonrepudiation. Also, the
provider must assure that the data, including all of its backups,
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are stored only in geographic locations permitted by contract,
service level agreement, and regulation.

Step 4. Consider Future Data Migration

The organization may have to move data and servicesto another
provider or back to an in-house IT environment because the
provider ceases business or service operations (eg, the recent
discontinuation of Google Health [2]), has an unacceptable
decrease in service quality, or has a contract dispute. Data
portability must be considered up front as part of the plan [84].

Step 5: Start a Pilot | mplementation

Many previous strategic planning methods suggest that an
organization with no previous cloud experience start with apilot
implementation [75,77]. The pilot should be suitable for
providing proof of the advantages of cloud computing for the
organization.

Stage 4: Follow-up

The last stage is to deploy the cloud computing infrastructure
and develop a follow-up plan. The plan indicates when to
measure and how to measure the service improvements.
Reasonable targets are established beforehand, and the results
of the new services are measured against the specified targets
or performance indicators to assess the magnitude of the
improvement [80]. If the new service condition is not satisfied,
the health organization needsto review what factsinfluence the
objective achievement. If the main cause of unsatisfied service
condition is from the cloud provider, the organization will
consult and discusswith the provider to improve service or may
consider moving data and services to another provider or back
toitsin-house IT environment.

Discussion and Conclusion

Cloud computing is a new model of computing that promises
to provide more flexibility, less expense, and more efficiency
in IT servicesto end users. It offers potential opportunities for
improving EHR adoption, health care services, and research.
However, as discussed above, there are still many challenges
to fostering the new model in health care. Perhaps the strongest
resistance to the adoption of cloud computing in health IT
centers concerns data security and legal issues. Fortunately,
many main providers (eg, Microsoft, Google, Amazon) have
commitments to develop best policies and practices to secure
customer's data and privacy [59-61]. Some not-for-profit
organizations, such as the Cloud Security Alliance and the
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Trusted Computing Group, have developed comprehensive
guidelines, and hardware and software technologies to enable
the construction of trustworthy cloud applications. Governments
also foster regulations (eg, HIPAA [63] and PIPEDA [64]) to
protect cloud users’ data security and privacy. In addition, most
legal issuesinvolved in cloud computing usually can beresolved
through contract evaluation or negotiations [10,54].

When a health organization considers moving its service into
the cloud, it needs strategic planning to examine environmental
factors such as staffing, budget, technologies, organizational
culture, and government regulations that may affect it, assess
its capabilities to achieve the goal, and identify strategies
designed to move forward. This paper provides useful strategic
planning references for potential users to start cloud projects.

Also a new model called HC?SP is proposed that could be
applied by a health organization to determine its direction,
strategy, and resource allocation to move to the cloud paradigm.
The model includes 4 stages: identification, evaluation, action,
and follow-up. At thefirst stage, the organization analyzes the
current status of the service process and identifies the
fundamental service objective. Stage 2 is to evaluate the
opportunities and challenges of adopting cloud computing. By
using the SWOT analysis, the organization can determine the
internal strength and weakness factors as well as the external
opportunity and threat factors of adopting the new model. Some
potential solutions to handle cloud issues have been aso
provided. Then, in stage 3, the organization draws up a cloud
computing implementation plan. The author suggests that this
should include at least the following: determinethe cloud service
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and deployment model, compare different cloud providers,
obtain assurance from the selected cloud provider, consider
future datamigration, and start apilot implementation. Thelast
stage is to deploy the cloud computing infrastructure and
develop a follow-up plan to measure the health care service
improvements.

As the Chief Executive Officer of a cloud IT company
commented [85]:

If you woke up this morning and read in The Wall
Street Journal that, say, Overstock.com has stopped
using UPS and FedEx and the U.S. mail, and had
bought fleets of trucks and started leasing airport
hubs and delivering products themsel ves, you would
say they were out of their minds. Why is that much
more insane than a health care company spending
$2 billion a year on (traditional) information
technology?

Cloud computing presents a compelling opportunity for
consumersof I'T and producers of information services[86,87].
Gartner Research also found that cloud computing ranked as
the top technical priority of chief information officersin 2011
[88]. However, adopting cloud computing is acomplex process
involving many factors. It needs rigorous evaluation before
introducing the new computing model to an organization. This
paper focuses on 4 aspects of evaluation and strategic planning,
which will assist health organizations in determining whether
(or how) to migrate from traditional to cloud-based health
services.
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Abstract

During the last decades a variety of telemedicine applications have been trialed worldwide. However, telemedicine is still an
example of major potential benefitsthat have not been fully attained. Health care regulators are still debating why institutionalizing
telemedicine applications on a large scale has been so difficult and why health care professional s are often averse or indifferent
to telemedicine applications, thus preventing them from becoming part of everyday clinical routines. We believe that the lack of
consolidated procedures for supporting decision making by health care regulators is a major weakness. We aim to further the
current debate on how to legitimize decision making about the institutionalization of telemedicine applications on alarge scale.
We discuss (1) three main requirements— rationality, fairness, and efficiency—that should underpin decision making so that the
relevant stakeholders perceive them as being legitimate, and (2) the domains and criteriafor comparing and assessing telemedicine
appli cations—benefits and sustainability. According to these requirements and criteria, weillustrate a possible reference process
for legitimate decision making about which telemedicine applications to implement on a large scale. This process adopts the
health careregulators' perspective and is made up of 2 subsequent stages, in which apreliminary proposal and then afull proposal
are reviewed.

(J Med I nternet Res 2011;13(3):672) doi:10.2196/jmir.1669
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are dtill debating why institutionalizing telemedi cine applications
on alarge scale has been so difficult [5,7] and why health care
professionals are often averse or indifferent to telemedicine
applications, thus preventing them from becoming part of
everyday clinical routines[8,9].

Introduction

Telemedicine is the use of communications networks for
delivering health care services and medical education from one
geographical location to another [1]. Inthisregard, telemedicine

is generally acknowledged as a subset of eHealth applications, \we believe that the reasons are many, but among others the

which are health care services and information delivered or
enhanced through the Internet and related technologies [2].

Telemedicine is not new. Although a variety of telemedicine
applications have been trialed worldwide over the last decades
[3,4], telemedicineisstill an example of major potential benefits
that have not been fully attained [5]. Many applications that
were adopted with great expectations quickly became failures
and were subsequently abandoned [6]. Health care regulators
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lack of consolidated proceduresfor supporting decision making
isamajor weakness [10-13]. Recently the discipline of health
technology assessment (HTA) has been acknowledged as the
gold standard for the assessment of health caretechnology [14].
However, the major emphasis is on drugs, equipment, and
medical devices; thus, telemedicine applications are far from
having a reference assessment procedure [6]. Scholars of
technology assessment are still debating whether telemedicine
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applications can beincluded within the scope of HTA [7]. Other
studies investigated the problems [10] and conditions for
successful implementation of telemedicine applications,
identifying the most critical organizational [6,15] and contextual
factors[16]. Within this debate, the normalization processtheory
developed by May et al [17] offers a theoretical lens through
which to understand the implementation, embedding, and
integration of complex health care interventions into everyday
practice. Normalization process theory is today a
well-established theory applied to severa applications, including
telemedicine [7]. However, thistheory is more descriptive than
prescriptive, and thus more pragmatic procedures for supporting
decision making with respect to large-scale institutionalization
of telemedicine applications are still missing [18].
Ingtitutionalization isthelast phase within the reference pathway
that telemedicine applications follow to enter into clinical
routine (Figure 1). Decisions about the institutionalization of
telemedicine applications are usually taken by health care
regulators, governments, and authorities in countries with a
national health care service, such as the United Kingdom,
France, Italy, and Norway.

InthisViewpoint, we consider this perspective, sincewe believe
that in these cases the institutional actors (ie, health care
regulators, governments, and authorities) are required by

Figure 1. Implementation process of telemedicine applications.
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relevant stakeholders (eg, health care providers, patient groups,
scientific societies, insurance companies, and technology
suppliers) to legitimate their decision making about whether to
ingtitutionalize new health care technologies, such as
telemedicine.

In particular, decision making about which telemedicine
applications should be prioritized for large-scal eimplementation
is tremendously complex [19]. In this context, we believe that
amajor issue for both academicians and practitioners should
beto discuss how this peculiar decision-making exercise should
be organized and which criteria should be adopted to support
the selection of the most promising telemedicine applications.

We aim to further the debate on how to legitimize decision
making about telemedicine applications by adding new elements
to this debate. In particular, we discuss (1) the main
requirements that should underpin this exercise for being
perceived as legitimate by relevant stakeholders, and (2) the
domains and criteria that should be taken into account for
comparing and assessing different applications. Finally, we
illustrate a possible reference decision-making process for
telemedicine applications that might be taken as basis for both
practical applications and academic discussions, and possibly
extended to other eHealth applications.
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Legitimizing Decision Making

Health care is a complex ecosystem of stakeholders [20].
Decision making about which telemedi cine applications should
be implemented into a large scae affects a variety of
stakeholders and whether their goals are met. In thisview, it is
critical that they perceive this exercise as legitimate [7].
Legitimacy refers to “a generalized perception or assumption
that the actions of an entity are desirable, proper, or appropriate
within some socially constructed system of norms, values,
beliefs, and definitions” [21]. As a consequence, any
organizational process should takeinto account the embracement

Figure 2. Requirements for legitimate decision making.

of socially accepted techniques and procedures for being
legitimate [22]. With respect to the peculiar case of the
assessment of telemedicine applications, any recommendation
should take into account a multiple-stakeholder perspective.
L egitimization by the key stakeholders (ie, health care providers,
patient groups, and technology suppliers) is gained when the
decision-making exercise is respectful of their views and
conforms to their perceptions of what is appropriate. Evidence
from previous research suggests that 3 requirements are salient
to gain stakeholders' approval (Figure 2). First, decision making
should berational [23]. Second, decision making should befair
[24]. Third, decision making should be efficient [20]. In the
following, we briefly discuss these requirements.

LEGITIMACY

RATIONALITY

FAIRNESS

EFFICIENCY
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Rationality

Rationality of decision making is generally addressed through
the adoption of multicriteriaapproaches. Decision making that
covers a variety of criteria takes explicit account of the
multifaceted nature of decisions under discussion and thus
supports decision makers in exploring what really matters to
key stakeholders[25]. All relevant goal s and assessment criteria
should be adequately captured and made accountable for
decision makers [26], since shortcomings might arise if these
goals and criteria have not been clarified [27]. Preferences
between options should refer to an explicit set of objectives
[28]. In this view, the selection of those telemedicine
applications that appear to be the most promising should
explicitly take into account the relevant and often contrasting
goals. The peculiar nature of telemedicine applicationsand their
expected performance should be assessed against multicriteria
frameworks that facilitate a synthesis—and thus a
conciliation—of different domains and perspectives. Previous
contributions suggested a variety of criteria[11,13,29,30]; we
believe that these criteria should be grouped into 2 main
domains. (1) benefitsrelated criteria; and  (2)
sustainability-related criteria[31]. Thelast groupisparticularly
critical for us. With “sustainability” we refer to the capability
of use of a health care service to become routine and deliver
high-quality and efficient care over time. A list of criteria that
may be adopted for both the domains is discussed below.

Fairness

The second requirement for legitimacy is fairness. Decision
making should be fair, accountable, and transparent [32]. This
is particularly relevant when decision makers have contrasting
views and goals [33]. The accountability for reasonableness
(A4R) framework [32] offers apragmatic solution to thisissue,
since it facilitates basing decisions on only those reasons that
everybody will agree on and support [34]. The framework
identifies 4 conditions that should be met by “fair-minded”
decision makers: (1) relevance, (2) publicity, (3) revisability,
and (4) enforcement [26]. Despite interest in the A4R
framework, we must acknowledgethat theliterature offerslittle
guidance on what afair and legitimate process might look like
in practice, and the processitself isstill a“black box” [34]. The
4 conditions posited by the A4R framework are significant for
the assessment of telemedicine applications.
Relevance—required also for rationality—is necessary to
address competing rational es and promote relevant stakehol ders
agreement. Publicity is critical for continuous learning.
Proponents of telemedicine innovations must access, not just
by demand, previous assessment exercisesto learn about which
criteriahad been selected to compare benefits and sustainability
in order to improve their further proposas. In particular,
shortcomings of ongoing or concluded studies should be
acknowledged and diffused to improve the reliability of further
proposals[35]. Inthisview, adopting an appraisal-based process
isalso relevant for creating atrustworthy setting and facilitating
learning and continuous improvement over time. Finaly,
decision makers must ensure that the above 3 conditions are
met in order to win stakeholders' legitimization.
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Efficiency

We believe that efficiency is another key requirement for
legitimate decision making [20], which should be timely and
cost contained. The literature does not completely clarify how
an efficient decision-making exercise should be organized with
respect to technology assessment. Despite this limitation,
observation of current practices by highly regarded agencies
seems to acknowledge that a 2-stage decision-making exercise
should be used to pursue timely and cost-contained decisions.
A first example is the call for proposals within the Seventh
Framework Program (2007—2013) of the European Commission.
Applicantsarerequired first to submit alimited outline proposal .
All successful proposals are then invited to submit a full
proposal [36]. Narrowing the view to health care, the National
Institute for Health and Clinical Excellence (NICE) in the United
Kingdom adopted a similar process [37]. The process [38] is
based on selection of new interventions first, followed by a
structured appraisal of clinical effectiveness, cost effectiveness,
and wider implications for the National Health Service as a
whole. Emerging technologies that might require a NICE
evaluation are identified by the National Horizon Scanning
Centre at the University of Birmingham, England. First, apanel
of experts prioritizes technologies for assessment. Second, the
selected technologies are assessed and briefings are delivered
to decision makers. Narrowing the view to telemedicine
applications, the Scottish Telemedicine Initiative [39] invites
organizations associated with the NHS in Scotland to submit
assessment proposals to promote the implementation of
telemedicine applications in Scotland. The procedure is also
based on a 2-stage review process.

Based on these examples, we argue that decision-making
exercise should possibly be organized through 2 sequential
gates, with thefirst round aimed at selecting the most promising
telemedicine applications and the second round aimed at
selecting applications for large-scale implementation.

Criteriafor Decision Making

Asmentioned, rational decision making requiresamulticriteria
assessment. A variety of prescriptive multicriteria frameworks
[11,13,29,30] converge on the identification of a list of
assessment dimensionsfor telemedicine applicationsthat should
be reviewed by decision makers. Key dimensions include
technical feasibility, legal and ethical issues, clinica
effectiveness, economics, equity of access, acceptance by
providers and patients, and organizational impacts. As
previously mentioned, we think that decision makers would
receive better support if the list of criteria covering these
dimensions were grouped into 2 main domains. benefits and
sustainability [31].

In this regard, we anayzed the literature to collect past
contributions about benefits and sustainability measures. Our
analysis was not intended to provide a systematic review of
assessment criteria. Rather, it aimed at offering afirst draft of
how these 2 domains might be assessed through specific criteria.
In the peculiar case of telemedicine applications, 3 main
benefits-related criteria (Table 1) may berecognized: (1) clinical
outcomes, (2) cost containment, and (3) access.
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Table 1. Benefits-related criteria
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Dimension Measures References

Clinical outcomes Diagnostic accuracy 13,4042
Appropriateness of clinical decisions 4245
Therapeutic efficacy/effectiveness 13,41,46
Timeliness of care 13,30,47,48
Mortality 13,42,49-51
Morbidity 13,50,52
Disease-related measures 11,13,29,30,42
Qudlity of life 11,1342
Hospitalizations 42,49,53,54
Length of hospital stay 42,51,53
In-clinic visits 42,45,49
Emergency department accesses 45,53,55

Cost containment Cost of the service 29,30,42,56-58
Relative efficiency 11,29,30,58-60

Access Geographic accessibility 29,30,42,45,61
Availability 13,45,61,62
Waiting lists 13,63
Affordability 45,64

Clinical outcomes [30] consist of a wide set of measures that
determine the effects of the implementation of telemedicine
applications on patients' health status. They are diagnostic
accuracy [13,40-42], appropriateness of clinical decisions
[42-45], therapeutic efficacy/effectiveness [13,41,46], timeliness
of care [13,30,47,48], mortality [13,42,49-51], morbidity
[13,50,52], other efficacy/effectiveness or disease-related
measures [11,13,29,30,42], quality of life [11,13,42],
hospitalizations[42,49,53,54], length of hospital stay [42,51,53],
in-clinic visits[42,45,49], and emergency department accesses
[45,53,55].

Cost containment is intended to measure the value of resource
use associated with an intervention [29], thus alowing an
understanding of whether a telemedicine application is cost
saving or cost effective. First, the cost of a telemedicine
application has to be measured and compared with the
alternative clinical practice [29,30,42,56-58]. Second, relative
efficiency with other alternative health care strategiesiscritical
for decison making when resources are limited
[11,29,30,58-60].

http://www.jmir.org/2011/3/e72/
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Telemedicine applications are claimed to improve access to
health care services, especially for people living in rural or
remote areas where medical professionals and facilities are
scarce or absent [29]. Access includes a set of specific
dimensions describing thefit between the patient and the system,
including geographical accessibility of patients[29,30,42,45,61],
availability of health care resources and professionals
[13,45,61,62], waiting lists for secondary care [13,63], and
affordability of health care services [45,64].

A growing body of evidence suggests that decision makers
should also take into account sustainability-related criteriawhen
assessing health care technologies [26,31]. As mentioned, we
refer to sustainability as the capability of a telemedicine
application to deliver high-quality and efficient care over time.
In this respect, sustainability is not a single concept, but is an
umbrellaof different dimensions. Five main dimensions (Table
2) may berecognized. They are (1) technological sustainability,
(2) clinical sustainability, (3) organizational sustainability, (4)
economic sustainability, and (5) contextual sustainability.
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Table 2. Sustainability-related criteria
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Dimension Measures References
Technological sustainability Integration and interoperability 11,65,66
Use over an extended period of time (proof of time) 30,58
Clinical sustainability Malpractice, adverse events, and uncertainty in clinical 29,67,68
practice
Organizational sustainability Acceptance and satisfaction 13,29,30,42,69
Staff, skills, learning, and training 30,70-73
L eadership, communication, roles, and responsibilities 71-73
Changesin organizational structure and work processes ~ 42,70,72,73
Collaboration, cooperation, partnership, and networks 71-73
Economic sustainability Cost structure 11,13,42,56-58,60
Total investment 13,57,58
Level of use 13,56-58
Costs for patients and caregivers 13,42,57-59
Contextual sustainability Respect of ethical requirements 67,68
Respect of legal requirements 30,67,68,74

The technological sustainability of a telemedicine application
specifically addresses its integration and interoperability
[11,65,66] with the existing technologies in a health care
organization. Additionally, the telemedicine application hasto
be used over an extended period of time [30,58], thus attesting
to the so-called proof of time.

Clinical sustainability addresses whether the clinical benefits
will be maintained over time. Malpractice, including adverse
events and uncertainty in clinical practice, should therefore be
carefully considered [29,67,68].

Organizational sustainability refers to the readiness of
organi zationswherethe telemedicine application isimplemented
and potential resistance to change. The successful adoption of
telemedicine applications depends on the acceptance and
satisfaction of health care professionals, patients, caregivers,
and other users[13,29,30,42,69]. Internal resistance to change
can be also driven by issues related to staff, skills, and learning
and training needs [30,70-73]. Leadership, roles, and
responsibilities [71-73] have to be carefully defined and
communicated among the health care professionals while
introducing a new technology. Additionaly, telemedicine
applications imply the introduction of changes within the
organizational structure and work processes [42,70,72,73].
Collaboration, cooperation, partnership, and networks [71-73]
are also required beyond the borders of the organization, in
relation to other health care providers and stakehol ders.

Economic sustainability refersto the economic value generation
derived from the use of telemedicine applications and the
capability to maintain it over time. Economic sustainability is
related to the cost structure[11,13,42,56-58,60] and to the total
amount of capital investments [13,57,58]. Moreover, the
economic impact dependson thelevel of use of thetelemedicine
application [13,56-58] and on the costs sustained by patients
and caregivers [13,42,57-59].

http://www.jmir.org/2011/3/e72/

Finally, contextual sustainability isnecessary for the long-term
use of a service. Contextual sustainability of telemedicine
applications refers to the respect of ethical [67,68] and legal
requirements [30,67,68,74].

We believe that clustering criteria in terms of benefits and
sustainability offers better support to decision makers, since
this approach makes clear to all key stakeholders both the
potential value of atelemedicine application and the difficulties
in pursuing high performance over time. Rationality and
accountability of decision making will benefit from the
transparent disclosure of decision makers' expectationsin terms
of benefits and sustainability, and this will facilitates
stakeholders’ acceptance of the final decision.

A Possible Reference Process for
Decision Making

In this section, we illustrate a possible reference process for
legitimate decision making about which telemedicine
applications to implement on alarge scale. As mentioned, we
adopt the health careregulators’ perspective and we addressthe
need for key stakeholders, such as health care providers, patient
groups, and technology suppliers, to legitimize this process.
Our proposal of a reference process is based on the previous
discussion. In this regard, we argue for a process that is made
up of 2 subsequent stages, in which a preliminary proposal and
then a full proposal are reviewed: this structure improves
efficiency and leverages on the real examples that we have
previously illustrated.

Stage 1: Assessment of Preliminary Proposals

The process would start with arequest by an accredited subject
(eg, hospitals, research centers) to decision makersto implement
alarge-scal e telemedicine application. We assume a bottom-up
process (and not top-down), since this perspective coheres to
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what happensin those countriesthat have anational health care
system. Therequest derives from previous studiesthat enrolled
alimited number of patientsand providers, whose resultsjustify
therequest to moveto alarger scale. Subjectsthat wereinvolved
in these studies would submit a preliminary proposal.

The preliminary proposal isadocument that provides decision
makers with summary information about the telemedicine
application under discussion. At this stage, all the preliminary
proposals should be prioritized. Only those proposals with a
satisfactory relevance score would be asked to submit the full
proposal. This prioritization exercise would be conducted by
an institutional committee (eg, members of governments or
authorities) on the basis of the documentation provided. The
possibility to establish an advisory panel as suggested in
previous research [26] should be discussed. Preliminary
proposals structure information in 2 main sections: (1) a
description of the context into which the telemedicine
application should be introduced, and (2) a description of the
proposed telemedicine application and its benefits.

Table 3. Preliminary proposal: description of the context

Zanaboni & Lettieri

The description of the context (Table 3) provides information
necessary to understand the nature of the problem that the
telemedicine application aims to solve. For instance, a
telemedicine application might address a clinical problem (eg,
patients health conditions affected by a chronic disease), an
economic problem (eg, the containment of present expenditure
for aspecific health need), or aproblem of accessibility to health
care services (eg, the provision of secondary careto rural areas).
Published data about the problem under consideration should
support decision makers in understanding its relevance at both
the national and the local level in order to contextualize the
assessment exercise. Moreover, a telemedicine application is
often introduced as an alternative to current clinical practice,
commonly face to face [75]. In these cases, decision makers
expect that the telemedicine application will produce at least
the same clinical outcomes as the conventional practice before
being adopted into routine [11]. Telemedicine applications could
be either supplementary [45], offering additional activities, or
alternative, changing the way of providing aservice[76]. More
rarely, they address needs still uncovered by traditional practice,
thus allowing access to services not otherwise available [77].

Dimension Information
Nature of the Description of the problem (clinical, economic, access) the telemedicine application aims to solve
problem

Description of data that support the relevance of the problem at the national or regional level

Current clinical

practice (integrative or substitutive)

Description of current clinical practice (if existing) to which the telemedicine application is presented as an alternative practice

The description of the proposed telemedicine application (Table
4) aims to provide that information necessary to prioritize the
implementation on alarge scale. First, the proposal must clarify
the type of service (eg, doctor-to-doctor consultation via
telemedicine systems[78]), the description of thetarget patients
(eg, patients affected by a specific chronic disease), the

technology used for providing the service (eg, Internet), and the
subjects who will be involved or interested in the service
provision. Second, the proposal must clarify the benefits
expected from theimplementation of alarge-scaletelemedicine
application. These can be measured through clinical outcomes,
costs, and access.

Table4. Preliminary proposal: description of the proposed tel emedicine application

Dimension

Information

Description of the service

Expected benefits

Characterization of the type of telemedicine application
Characterization of patients

Description of technologies used to provide the service
Description of subjects involved in the service and their roles
Impact on clinical outcomes

Impact on costs

Impact on access

The ingtitutional committee, after having examined all the
information provided, would make a decision based on the
content of the proposal and its relevance to the health care
system. Three different replies might arise: (1) the preliminary
proposal is accepted due to positive feedback, (2) the
preliminary proposal is accepted with reservation due to
satisfactory feedback with some weaknesses to be addressed,
(3) the preliminary proposal is rejected due to unsatisfactory

http://www.jmir.org/2011/3/e72/

feedback. Proposals in the first or second scenarios would be
asked to be completed as afull proposal.

Stage 2: Assessment of Full Proposals

The full proposal provides detailed information about the
telemedicine application. Full proposals would be assessed
mainly by a board of experts, selected from a list of experts
from different scientific fields (eg, medicine, sociology, health
economics) who would be required to disclose their possible
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The information collected into the full proposalsis structured
in 4 parts: (1) a description of the context in which the
telemedicine application should beintroduced, (2) adescription
of the proposed telemedicine application and its benefits, (3)
documentation supporting the assessment, and (4) an assessment
of the scientific basis and available evidence.

The context and the proposed telemedicine application in the
full proposal contain the sameinformation asin the preliminary
proposal, but in more detail. Additional fields should require
the specification of inclusion and exclusion criteria of
enrollment, clinical protocol, technical requirements, expected
and proper level of utilization, dataand information exchanged,
and methods for data collection and assessment.

The third part collects evidence that supports previous claims
and figures. Studies, papers, and reports about the specific
telemedicine application under consideration should be provided.
Theboard of experts should verify thereliability of thisevidence
in terms of levels of evidence and strength of the
recommendations [79].

The process would end with an assessment of the scientific
basis. Both benefits-related criteria and sustainability-related
criteria should be addressed as previously described in Table 1
and Table 2. Where information is available, the proponent
should clarify the metrics used to measure the specific criteria,
results, and references. The benefits-related criteria should be
measured preferably with respect to a comparator (eg, control
group of patients). Referring to the sustainability-related criteria,
results and references should be classified with respect to the
main stakeholders: patients and caregivers, headth care
professionals, hospitals, vendors and service centers, or the
health care system.

At the end of the process, the board of expert should examine
the context and the proposed telemedi cine application and assess
its benefits and sustainability with respect to a large-scale
implementation. The ingtitutional committee would then make
the final decision. The implementation of a large-scale
telemedicine application should finally require periodic
monitoring to verify the correct implementation and level of
use by health care providers, and the achievement of the
expected benefitsand its sustainability over time, and eventually
to modify the clinical protocol or to interrupt the service.

Conclusions

Final Remarks

This Viewpoint provides new insights into the ongoing debate
about the ingtitutionalization of telemedicine applications. In
particular, our discussion originates from the acknowledgement
that amajor weaknessinhibiting the large-scal e implementation
of telemedicine applicationsisthelack of alegitimatereference
process for decision making by health care regulators. Moving
from this, we shed some light on (1) 3 main requirements that
should characterize this process—that is, rationality, fairness,

http://www.jmir.org/2011/3/e72/
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and efficiency, (2) some criteriafor measuring the benefits and
sustainability of a telemedicine application, and (3) what a
legitimate process might look like in practice. We believe that
these contributions will promote further discussion among
practitioners and academicians about supporting the
institutionalization of telemedicine applications.

Practical Implications

Two examples from real-world practice may illustrate some
implications of this discussion. First, health care regulators
complain that HTA reports often do not provide them with all
the information they require for decision making, since salient
information such as organizational impacts and resistance to
changearenot fully disclosed [80]. Thislimitationis particularly
true for telemedicine applications [81], since contributions in
theliterature are moreinterested in discussing clinical outcomes
(in particular they aim to verify whether telemedicine services
deliver at least the same effectiveness as current face-to-face
ones) or technical feasibility (to persuade professionals that
telemedicine services are safe and robust to possible technical
failures). Our view is that decision making should be rational
and accountable, and thus our examples of a preliminary
proposal and a full proposal help to frame this requirement in
2 groups of criteria. By knowing which information is salient
for supporting decision making, both the agencies that deliver
HTA reports and scholars who publish the main results of their
studies about new telemedicine applications will be able to
increase theimpact of their contributions. In fact, they will know
in advance which information will be searched through their
contributions.

Second, professionals (physicians in particular) are largely
involvedin clinical studiesaimed at understanding the feasibility
and the performance of telemedicine applications. This
Viewpoint paper offersthem someinsightsinto how health care
regulators should assess the possibility of implementing their
innovations on a large scale. These studies often collect only a
small part of theinformation that decision makerswould require
to make a decision. This would be a lost opportunity for both
patients and professionals, and missing information will be
collected through further studies. Consider a hospital involved
by a technology supplier in a randomized controlled trial on
telemonitoring of patients with chronic disease (eg, chronic
heart failure, chronic obstructive pulmonary disease). By
knowing in advance which information is salient for decision
makers to implement this application on a larger scale, both
physicians and technicians will be able to define the most
appropriate study design and to collect all relevant data, such
as professionals perception of utility and ease of use as
predictor of potential resistance to changing current practice.

Limitations

There are 2 main limitations to our proposed reference process
for decision making. These limitations suggest avenues for
future research and debates. First, we did not systematically
review theliteratureto identify which criteriashould beincluded
inthe proposed framework. Asmentioned, our literature analysis
was intended to provide afirst example without attempting to
be definitive.
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Second, we adopted the health care regulators’ perspective for
the proposed 2-stage process. As a consequence, it has been
designed to support primarily governments and authorities in
prioritizing which telemedicine applications should be
institutionalized, and therefore funded, at alarge scale. Although
we believe that this perspectiveisthe most relevant in countries

Zanaboni & Lettieri

that have a national hedlth care system, such as the United
Kingdom, France, Italy, and Norway, we acknowledge that
other relevant insights could be gathered by adopting other
perspectives, such as that of technology suppliers or insurance
companies.
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Abstract

Background: Most smokers attempt to quit on their own even though cessation aids can substantially increase their chances of
success. Millions of smokers seek cessation advice on the Internet, so using it to promote cessation products and servicesis one
strategy for increasing demand for treatments. Little is known, however, about what cessation aids these smokers would find
most appealing or what predicts their preferences (eg, age, level of dependence, or timing of quit date).

Objective: The objective of our study was to gain insight into how Internet seekers of cessation information make judgments
about their preferences for treatments, and to identify sociodemographic and other predictors of preferences.

Methods: An online survey assessing interest in 9 evidence-based cessation products and services was voluntarily completed
by 1196 smokers who visited the American Cancer Society’s Great American Smokeout (GA SO) webpage. Cluster analysiswas
conducted on ratings of interest.

Results: Intotal, 48% (572/1196) of respondents were “quite abit” or “very much” interested in nicotine replacement therapy
(NRT), 45% (534/1196) in awebsite that provides customized quitting advice, and 37% (447/1196) in prescription medications.
Only 11.5% (138/1196) indicated similar interest in quitlines, and 17% (208/1196) in receiving customized text messages.
Hierarchical agglomerative cluster analysis revealed that interest in treatments formed 3 clusters: interpersonal—supportive
methods (eg, telephone counseling, Web-based peer support, and in-person group programs), nonsocial—informational methods
(eg, Internet programs, tailored emails, and informational booklets), and pharmacotherapy (NRT, bupropion, and varenicline).
Only 5% (60/1196) of smokerswere “quite abit” or “very much” interested in interpersonal—supportive methods compared with
25% (298/1196) for nonsocia—informational methods and 33% (399/1196) for pharmacotherapy. Multivariate analyses and
follow-up comparisons indicated that level of interest in pharmacotherapy (“quite a bit or “very much” vs. “not at all”) varied as

afunction of education (n = 575, x% =16.6, P = .001), age (n = 528, X% = 8.2, P = .04), smoking level (n =514, X% = 9.5, P =
.02), and when smokers were planning to quit (n = 607, X%, = 34.0, P < .001). Surprisingly, greater age was associated with

stronger interest in nonsocia—informational methods (n = 367, x23 =10.8, P =.01). Interest in interpersonal—supportive methods
was greater if smokers had used a quitline before (n = 259, %, = 18.3, P < .001), or were planning to quit earlier rather than later
(n=148, %% =4.9,P=.03).
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Conclusions:

Westmaeas et al

Smokers accessing the Internet for information on quitting appear to differentiate cessation treatments by how

much interpersonal interaction or support the treatment entails. Quitting date, smoking level, and sociodemographic variables
can identify smokerswith varying levels of interest in the 3 classes of cessation methods identified. These results can potentially
be used to more effectively target and increase demand for these treatments among smokers searching the Internet for cessation

information.

(J Med Internet Res 2011;13(3):€58) doi:10.2196/jmir.1666

KEYWORDS

Consumer demand; pharmacotherapy; quitline counseling; smoking cessation; social support

Introduction

Several effective tobacco-cessation products and services are
available to help smokers who want to quit. These can double
or triple the rate of cessation compared with quitting without
help [1]. In spite of their availability, however, the use of these
products and services is low, as most smokers opt to quit on
their own [2]. For example, the North American Quitline
Consortium estimated that the reach of quitlines, calculated as
the proportion of all smokers in a US state who complete a
program of phone counseling, was between only 1% and 2%

[3].

There has been little research on why smokers are not using
evidenced-based treatments to quit. One study found that,
although smokers planning to quit expressed several barriers
around quitline use, none of the self-reported barriers predicted
actual callsmadeto aquitline[4]. Another study of 636 German
smokers who had never used cessation aids when trying to quit
found that the most endorsed barrier to not using cessation aids
was belief in one’sown ability to quit [5]. A quarter of smokers
also believed that cessation aidswould not be helpful, and cited
their cost as areason for not using them. Lack of awareness of
cessation aids also appearsto be abarrier. In astudy of smokers
inthe United Kingdom, only 30% of current and former smokers
were aware of various cessation services provided by the
National Health Service [6]. This is consistent with findings
from astudy of Canadian smokers, who demonstrated low recall
of cessation methods [7].

To increase utilization of cessation products and services, the
National Tobacco Cessation Collaborative, an American and
Canadian consortium of leading nonprofit and government
agencies dedicated to reducing the burden of tobacco use,
delineated several core strategies to increase demand for
avalable treatments. One of these strategies includes the
recommendation to understand what smokers need and want,
instead of viewing them as “passive treatment beneficiaries
rather than treatment consumers’ (p. S308) [8]. The millions
of smokers who seek cessation information on the Internet [9]
are a population that can be targeted to increase demand for
treatments. The Internet can also be used to understand their
cessation needs and wants, and to easily provide access to the
treatments they prefer. However, little is known about
preferences for cessation methods in this population. To that
end we asked smokers who were seeking cessation information
on the Internet to rate their interest in various evidenced-based
cessation products and services. We subjected these ratings to
a cluster analysis, an analytic technique used extensively by

http://www.jmir.org/2011/3/e58/

market researchers to evaluate brand or product preferences
[10]. We used this approach to determine whether particular
groups of products and services were preferred over others so
that we could infer underlying motivations for preferences. We
al so examined whether sociodemographic and smoking behavior
variables were associated with preferences for particular
treatments. Knowledge of who is interested in what kinds of
treatments can be used to promote cessation treatments on the
Internet in a more targeted manner, and could potentialy
increase demand for them.

Usingthelnternet tolnform SmokersAbout Cessation
Treatments

Many smokers thinking of quitting access the Internet for
general information on smoking cessation. The Internet may
therefore be an effective medium for promoting evidenced-based
cessation aids [11]. According to a random-digit-dial survey
conducted in the United States in 2006, an estimated 9% of
Internet users (approximately 12.7 million individuals) searched
the Internet for information on “how to quit smoking” [9].
Moreover, compared with traditional media such as radio or
television advertising, online advertising has been shown to be
a more cost-efficient mode of recruiting smokers to Internet-
and telephone-based cessation treatments [12]. It is now also
possible for marketers to construct a sociodemographic profile
for a computer user by gathering information on different
websites visited. This information is then used to market
products to groups of people who would be receptive to
messages about the products. This strategy, termed “ behavioral
targeting,” could be employed to promote specific cessation
products or services to smokers most likely to use them [13].
In addition, some products and services (eg, Internet programs
for cessation) can be made immediately available—that is, at
thetime smokers are searching the Internet for help on quitting.
Overall, these developments speak to the tremendous potential
of the Internet asan ideal medium through which large numbers
of smokers can be reached and provided with information on,
or access to, various evidence-based cessation treatments.

Identifying and targeting potential quitters by providing them
information on or immediate access to treatments would be
maximally effective if smokers' preferencesfor treatments and
predictors of those preferences were known. Only 1 study to
our knowledge, however, asked smokers seeking cessation
information on the Internet to rate their perceptions of various
treatments [11]. Results indicated that smokers perceived that
telephone counseling or receiving support through Internet chat,
forums, or email would be least helpful. In contrast, smokers
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perceived that information about withdrawal or individually
tailored information would be most helpful [11].

Research on what methods are used most frequently by smokers
when attempting to quit could provide some indication of what
cessation products and services would be favored. Low use or
nonuse of aparticular product or service, however, may be due
to a smoker simply not knowing it exists. Some products may
also be used only because they were recommended or were
available at the time. Nevertheless, data on actual use of
evidence-based cessation treatments can be used to form
hypotheses about what types of treatments might be preferred,
or how preferences might vary as a function of
sociodemographic characteristics. For example, in the 2005
National Health Interview Survey (NHIS) [14], pharmacotherapy
was used more frequently than behavioral methods, which was
used infrequently (<5%). Results also indicated that older
smokers (aged =25 years) were more likely than younger
smokers to use pharmacotherapy. In addition, for younger
smokers, but not for older smokers, greater educational
attainment was associated with having used pharmacotherapy.
Based on these results we hypothesized that pharmacotherapy
and behavioral methods would form separate clusters of
preferences, and that interest in pharmacotherapy would be
greater than interest in behaviora methods. We aso
hypothesized that, after controlling for age, greater educational
attainment would be associated with greater interest in
pharmacotherapy (as more educated smokers are likely to be
more knowledgeabl e about nicotine replacement therapy [NRT]
and less susceptible to myths about it).

We also expected preferences to vary by gender. In the 2-year
longitudinal National Youth Smoking Cessation Survey of
smokers aged 16-24 years [15], among those who had tried to
quit smoking at least once, seeking help from a professional
was more common among females than among males. The
proportion of female smokers who contact quitlines is aso
greater [16]. This may be a result of the mae stereotype

http://www.jmir.org/2011/3/e58/
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emphasizing independence and avoidance of emotional
disclosure, or the greater acceptability for femalesto seek others
assistance [17]. Based on these results we hypothesized that
female smokers would be more interested than male smokers
in methodsinvolving counseling or seeking advice from others.
In sum, our hypotheses, based on the findings described earlier,
were that (1) pharmacotherapy and behavioral methods would
form separate clusters, and interest in pharmacotherapy would
be greater than interest in behavioral methods, (2) more educated
smokers would be more interested than less educated smokers
in using pharmacotherapy, and (3) compared with male smokers,
female smokerswould be moreinterested in methodsinvolving
counseling such as quitlines or group cessation programs.
Because of younger smokers' greater use of the Internet [18]
we also wanted to explore the following hypothesis: younger
smokers seeking cessation information on the Internet would
be moreinterested than older smokersin using I nternet programs
for cessation, or other technologically involved treatments (eg,

text messages).
Methods

Participants

Participants mean age was 38.4 years (SD 9.1) and they smoked
an average of 15.9 cigarettes per day (SD 9.1). The majority of
the samplewasfemale (840, 74.3%). A college degree or higher
was reported by 34.2% (388), with 39.6% (449) reporting some
college, 21.1% (239) completing high school or its equivalent,
and 5.1% (58) completing grade 11 or lower. A minority (43,
3.8%) were Latino/Hispanic, whereas the majority were not
(1068, 94.8%), or indicated “Don't know” (15, 1.4%). The
majority of participantswere white (984, 87%). Black or African
American smokers constituted 5% (57) and Asian smokers,
1.6% (18) of the sample. The remaining racial groups were
collapsed into 1 category that comprised 6.4% (75) of the sample
(ie, Pacific Islander, American Indian, Alaska Native, Other,
and Don’t know) (see Table 1).
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Table 1. Descriptive statistics of the study population

Characteristic n %

Smoking rate (cigarettes per day)

<10 230 22.1
10-19 379 36.4
20-29 329 31.6
230 103 9.9

Agegroup (years)

<25 164 15.7

2640 438 419

41-55 358 34.2

=56 86 8.2
Gender

Female 840 74.3

Mae 291 25.7

Education level

Grade<11 58 51
High school graduate or GED? 239 211
Some college 449 39.6
College graduate or higher 388 34.2
Race
White 984 87.0
Black/African American 57 50
Asian 18 16
Pacific Islander/American Indian/Alaskan Na- 72 6.4
tive/Other/Don’t know
Quit in past year
Yes 730 63.2
No 425 36.8
Quit date
In the next 24 hours 266 22.2
In next week or two 362 30.3
In next month 209 175
In next 6 months 114 9.5
In future/undecided 245 20.5

Free quitline help available?

Yes 256 214
No 35 3.0
Don't know 861 74.7

Ever used a quitline

Yes 112 97
No 884 76.6
N/AP—never tried to quit before 158 13.7
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8 General equivalency diploma.
b Not applicable.

Procedure

A 12-item online questionnaire was posted for 11 months on
the American Cancer Society’s (ACS) Great American
Smokeout (GASO) webpage. The survey was posted 1 week
prior to the 2008 GASO event (November 20). The GASO
webpage is the ACS's online portal for information about
quitting and received 92,946 unique views during the study
period. An introductory paragraph on the GASO webpage
explained that the ACS was interested in learning about how
smokers quit, and that if they were interested to click on the
link appearing below. The link led respondents to a page in
which aconsent section appeared above the survey. The survey
was completed by 1594 current smokers over the entire study
period. Approximately half of responses (845, 53%) were
collected by 6 days after GASO, and the other half during the
remaining months of the study period. We excluded 90
participants due to missing data on sociodemographic variabl es.
Analyses reported below were restricted to participants who
provided responses on sociodemographic variables and who
did not choose the “don’t know” option on the items assessing
interest in cessation products and services (N = 1196). The
voluntary and anonymous survey, which was approved by the
Emory University institutional review board, did not provide
incentives, financia or otherwise, for completion.

The current study also subjected ratings of interest in cessation
products and services to a cluster analysis. Cluster analysisis
an assumption-free classification technique that is commonly
used in market research to understand consumer behavior [10].
It simultaneously minimizes within-group variance and
maximizes between-groups variance, so that members or
variables of the same group are more similar to each other than
to those of other groups [19]. It can thus be used to infer the
underlying dimensions that form the basis of smokers
preferences among treatments. For the present report we used
SPSS 18 (IBM Corporation, Somers, NY, USA) to perform
hierarchical agglomerative clustering, with between-groups
linkage and squared euclidean distance as the similarity metric.
To determine the reliability of clusters obtained we first
conducted a cluster analysis on a random sample of 50% of
cases (598) and a second one on the remaining cases. For both
samples membership in clusters at each level of agglomeration
was identical. The composition of clusters was also the same
when analyses were conducted on the first 50% and the latter
50% of cases. Thefinal cluster analysis presented thus used the
full sample.

Predictors of Cessation M ethods

To examine the relationship between interest in cessation
products and services, and sociodemographic and smoking
behavior variables, a multivariate analysis of variance
(MANOVA) was conducted. Cessation methods that formed
clusters were averaged to obtain summary variables that were
the set of dependent variables in the MANOVA. Independent
variables (categorical) were gender, age, race, education, when
smokers were planning to quit, prior use of aquitline, smoking
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rate, knowledge of quitlines’ free availability, and whether an
attempt to quit was madein the past year. A second MANOVA
was conducted that excluded independent variables with
nonsignificant multivariate main effects (gender, quitline
knowledge, and past-year attempt). Multivariate results from
thisfinal MANOVA are presented. Analysesthat controlled for
the number of days between when the survey was completed
and the start date of the survey were also conducted.

Follow-up Tukey pairwise comparisons that controlled for the
familywise error rate were conducted. These examined
differences on dependent variables among levels of the
significant independent variables (ie, significant according to
the univariate results). For comparisons that the Tukey tests
indicated were statistically significant (ie, P < .05) we aso
conducted chi-square tests to demonstrate the association
between the independent and dependent variables. For these
chi-square analyses we first created 2 contrasting groups for
each dependent variable: smokers who were “not at al”
interested versus smokerswho were“ quiteabit” or “very much”
interested. Smokerswho indicate they are“quite abit” or “very
much” interested in a cessation method are likely to be most
receptive to trying a cessation method if it is available to them,
at least much more so than smokers who report that they are
“not at all” interested. These latter smokersarelikely to be more
difficult to reach with marketing efforts aimed at encouraging
use of a particular cessation method. The chi-square follow-up
analyses thus aided interpretation by illustrating which groups
might be fairly easy or more challenging to encourage to use
particular cessation methods. We followed a conservative
approach of reporting only the chi-sguare associations that were
also significant (in addition to the Tukey tests described above).
We also provide an effect size measure, Cramer’sV, that ranges
from O to 1 [20,21].

M easures

Sociodemographic and Smoking Behavior Variables

Participants were asked to indicate when they planned to quit
(in the next 24 hours, in the next week or two, in the next month,
inthe next 6 months, sometimein the future but haven't decided
when, not applicable (N/A)—already quit, other), whether they
knew if “free help from acounselor at aquitline” was available
to all smokersintheir state (yes, no, don’'t know), whether they
had ever called a quitline to help them quit smoking (yes, no,
N/A—never tried to quit before), the number of cigarettes
smoked per day, whether they tried to serioudly quit in the past
year (yes, no), their gender, and their age.

Interest in Cessation Products and Services

Smokers were asked to indicate how interested they would be
inusing the following cessation products and serviceson ascale
from 1 (not at all) to 5 (very much). Specific items, as written,
were (1) “Using a telephone quitline (a quitline has trained
counselors help you over the phone with your quit attempt,” (2)
“Using a website that gives professional advice about quitting
smoking that is customized for you,” (3) “Using the Internet to
chat with other smokerswho are trying to quit,” (4) “Receiving
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emails timed around your quit date that contain professional
advice about quitting that is customized for you,” (5) “Attending
aprogram led by aprofessional and that involvesafew meetings
with other smokers trying to quit,” (6) “Using nicotine
replacement therapy (eg, the patch) which is available without
aprescription,” (7) “Using booklets or other printed materials
that give professional advice on how to quit,” (8) “Receiving
text messages on your cell phone timed around your quit date
that contain professional advice about quitting that is customized
for you,” and (9) “Using prescription medications for quitting
such as Zyban (bupropion) or Chantix (varenicline).”

Results

Descriptive Statistics

The mgjority of respondents had tried to quit in the past year
(730, 63.2%) (see Table 1). In addition, 22.2% (266) of smokers
planned to quit immediately (ie, in the next 24 hours), 30.3%
(362) in the next week or two, 17.5% (209) in the next month,
9.5% (114) in 6 months, and 20.5% (245) at some undecided
timein the future.
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A large majority of smokers (861, 74.7%) did not know whether
free help from aquitline counselor was available to all smokers
in their state; 3.0% (35) indicated that such help was not
available and 21.4% (256) indicated that it was. Not surprisingly,
asimilar majority, 76.6% (884), reported not ever having used
aquitline, 9.7% (112) reported previously using aquitline, and
13.7% (158) indicated this question was not applicable because
they had never before tried to quit.

The cessation method that received the greatest proportion of
respondents who indicated being “quite a bit” or “very much”
interested was NRT (572/1196, 47.8%), followed by awebsite
that provides customized quitting advice (534/1196, 44.6%)
and prescription medications (447/1196, 37.4%). Only 11.5%
(138/1196) of respondentsindicated being “quiteabit” or “very
much” interested in using quitlines, and only 17.4% (208/1196)
reported similar interest in receiving customized text messages.
The proportion of respondents in each sociodemographic
category who were “quite abit” or “very much” interested in a
particular cessation method are presented in Table 2. For
example, among respondents 25 years or younger (n = 164),
only 8.5% (14) were “quite abit” or “very much” interested in
quitlines whereas 39.6% (65) had asimilarly strong interest in
NRT.
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Table 2. Number and percentage of respondentsin each sociodemographic category who were “ quite abit” or “very much” interested in each cessation

method
Quitline  Website  Webpeer Emails Group NRT2 Prescription Cessation  Text n
support programs medications  booklets messages
Agegroup (years)
<25 14 64 33 47 30 65 51 34 45 164
(85%)  (39.0%) (20.1%) (28.7%) (18.3%) (39.6%) (31.1%) (20.7%)  (27.4%)
26-40 44 94 94 162 85 217 187 146 79 438
(10.0%) (43.2%) (21.5%) (37.0%) (19.4%) (49.5%) (42.7%) (33.3%)  (18.0%)
41-55 54 87 87 143 94 185 138 121 52 358
(15.1%) (50.8%) (24.3%) (39.9%) (26.3%) (51.7%) (38.5%) (33.8%)  (14.5%)
=56 9 21 21 35 24 47 30 28 10 86
(10.5%) (50.0%) (24.4%) (40.7%) (27.9%) (54.7%) (34.9%) (32.6%)  (11.6%)
Gender
Mae 24 120 50 90 56 142 93 71 44 291
(82%)  (41.2%) (17.2%) (30.9%) (19.2%) (48.8%) (32.0%) (244%)  (15.1%)
Female 106 391 200 324 193 411 338 284 154 840
(12.6%) (465%) (23.8%) (38.6%) (23.0%) (48.9%) (40.2%) (33.8%)  (18.3%)
Education
Grade<11 10 23 15 21 9 17 17 17 9 58
(17.2%) (39.7%) (25.9%) (36.2%) (155%) (29.3%) (29.3%) (29.3%)  (15.5%)
High school 24 103 53 82 47 122 87 65 30 239
graduate/GED®  (10.0%)  (43.1)  (222%) (34.3%) (19.7%) (51.0%) (36.4%) (27.2%)  (12.6%)
Some college 46 196 99 157 99 226 184 154 79 449
(10.2%) (43.7%) (22.0%) (35.0%) (22.0%) (50.3%) (41.0%) (34.3%)  (17.6%)
College graduate 51 190 84 155 95 189 144 120 81 388
or higher (131%) (49.0%) (21.6%) (39.9%) (24.5%) (48.7%) (37.1%) (30.9%)  (20.9%)
Race
White 105 452 210 359 206 490 376 303 164 984
(10.7%) (45.9%) (21.3%) (365%) (20.9%) (49.8%)  (38.2%) (30.8%)  (16.7%)
Black/African 15 28 18 28 22 26 20 24 18 57
American (26.3%) (49.1%) (31.6%) (49.1%) (38.6%) (45.6%) (35.1%) (42.1%) (31.6%)
Asian 2 8 5 5 4 8 8 8 4 18
(11.1%) (444%) (27.8%) (27.8%) (222%) (44.4%) (44.4%) (44.4%)  (22.2%)
Other 9 23 16 23 17 28 27 21 13 72
(125%) (31.9%) (22.2%) (3L.9%) (23.6%) (38.9%) (37.5%) (29.2%)  (18.1%)

@ Nicotine replacement therapy.
b General equivalency diploma.

Cluster Analysis

Inspection of the dendrogram from the cluster analysis and
membership at each cluster stage suggested that a 3-cluster
solution was appropriate (Figure 1). Of the 3 clusters, one
consisted of methodsthat all involved interpersonal interaction
or support, specifically using a telephone quitline, attending a
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group-based cessation program, using the Internet to chat with
other smokers who are trying to quit, and receiving text
messages by cell phone. This group of cessation products and
services were labeled inter personal—supportive methods. The
appearance of text messagesin this cluster islikely attributable
to thefact that text messages aretypically used for interpersonal
reasons—for example, to communicate among friends.

JMed Internet Res 2011 | vol. 13| iss. 3 |e58 | p.36
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Westmaeas et al

Figure 1. Dendrogram indicating clusters from cluster analysis of interest in cessation products and services (Msgs = messages, NRT = nicotine
replacement therapy, Prgrm = program, PrscrpMed = prescription medication)
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A second cluster consisted of using a customized website,
receiving timed emails, and using printed materials that give
professional advice on how to quit. We labeled this group of
treatments nonsocial—informational methods. The third and
final cluster consisted of using NRT and prescription
medications. We labeled this cluster phar macotherapy.

Composite variables to represent interest in each of the 3 types
of cessation methods were computed as the average of the
variables in each cluster. The means and standard deviations
for each cluster were as follows: nonsocia—informational
methods (mean 2.9, SD 1.2); interpersonal—supportive methods
(mean 2.1, SD 1.0); and pharmacotherapy (mean 3.0, SD 1.3).
Paired samples t tests indicated that interest in
i nterpersonal—supportive methods was significantly lower than
interest in pharmacotherapy (t;105 =—21.64, P <.001) or interest
in nonsocial—informational methods (t;4105 = 30.03, P < .001).
Interest in nonsocia—informational methods and in
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pharmacotherapy were only marginally different (t;,95 =—1.72,
P =.09). Only 5% (60) of smokers were “quite a bit” or “very
much” interested in i nterpersonal—supportive methods compared
to 25% (298) for nonsocial—informational methods and 33%
(399) for pharmacotherapy.

Results from multivariate analyses are reported in Table 3.
Analysesthat controlled for the number of days between when
the survey was completed and the start date of the survey
revealed the same pattern of significance for multivariate and
univariate associations. Univariate analyses indicated that all
independent variabl es except race and education were associated
with interest in pharmacotherapy. Also, all independent variables
except age were associated  with  interest  in
interpersonal—supportive methods. Only quit date was
significantly associated with interest in nonsocia—informational
methods (F 4 935 = 8.10, P <.001). Age group showed amarginal
association (F3 g3 = 2.50, P = .06).
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Table 3. Results of multivariate analysis of variance indicating main effects of independent variables on smokers’ interest in cessation treatments

Multivariate Univariate
Independent variable  Pillai trace pa Dependent variable F df pb
Quit date 421 <.001 Pharmacotherapy 411 4,938 .003
Interpersonal—supportive  4.04 4,938 .003
Nonsocial-informational  8.10 4,938 <.001
Used aquitlinebe-  3.79 <.001 Pharmacotherapy 4.18 2,938 .016
fore
Interpersonal—supportive  8.69 2,938 <.001
Nonsocial-informational  1.26 2,938 .28
Smoking rate 1.95 .04 Pharmacotherapy 3.02 3,938 .03
Interpersonal—supportive  2.74 3,938 .04
Nonsocial-informational  1.48 3,938 .22
Age group 248 .008 Pharmacotherapy 3.30 3,938 .02
Interpersonal—supportive  0.31 3,938 .82
Nonsocial-informational  2.50 3,938 .06
Race 2.59 .006 Pharmacotherapy 0.31 3,938 .82
Interpersonal—supportive  6.71 3,938 <.001
Nonsocial-informational  1.64 3,938 .18
Education level 2.16 .02 Pharmacotherapy 215 3,938 .09
Interpersonal—supportive  3.37 3,938 .02
Nonsocial-informational  0.84 3,938 47

8| ndicates significance of multivariate relationship between the independent variable and the set of 3 dependent variables.
b Indicates significance of univariate relationship between the independent variable and each dependent variable.

Quit date

The later smokers planned to quit, the greater their interest in
pharmacotherapy. While 48% (69/143) of smokers planning to
quit within a day were “quite a bit” or “very much” interested
in pharmacotherapy, a significantly greater proportion (=75%);
planning to quit later were similarly interested, either “in the
next week or two” (132/175, 75%; n= 318, x*, = 25.0, P < .001,

V = .28), or “in the next month” (76/97, 78%; n = 240, le =
219, P < .001, V = .30). In contrast, interest in
interpersonal—supportive methods was greater the earlier
smokers planned to quit; over twice as many smokers planning
to quit “in the next week or two” (22/82, 27%) were “quite a
bit” or “very much” interested in interpersonal—supportive
methods as smokers who planned to quit at some undecided
time in the future (8/66, 12%; n = 148, x*, = 4.9, P < .02,V =
.18).

Interest in nonsocial—informational methods was greater among
smokers planning to quit in the next week or two (121/144,
84%) compared with those quitting in the next 24 hours (72/107,
67%; n =251, x>, = 9.7, P <.002, V = .20). On the other hand,
the proportion of smokers planning to quit at some undecided
time in the future who were “quite a bit” or “very much”
interested was significantly lower (28/71, 39%) than the 67%
(72/107) of smokers planning to quit in the next 24 hours (n =
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178, X%, = 13.4, P < .001, V = .28), the 84% (121/144) of
smokers planning to quit in the next week or two (n = 215, le
=44.4, P <.0001, V = .46), the 77% (53/69) planning to quit
in the next month (n = 140, x, = 20.0, P < .0001, V = .38), or
the 75% (24/32) planning to quit in the next 6 months (n = 103,
X%, =11.2, P<.001, V = .33).

Previous Use of a Quitline

A greater proportion of smokerswho had used aquitline before
were“quiteabit” or “very much” interested in pharmacotherapy
(49/63, 78%), than the proportion who had never before used
aquitline (284/439, 65%; n =502, x%, = 4.2, P= .03,V = .09).
In addition, smokerswho had used a quitline before were much
more likely to be “quite a bit” or “very much” interested in
interpersonal—supportive methods (13/25, 52%) than smokers
who had never before used a quitline (38/234, 16%; n = 2509,
le =18.3,P<.001, V= .27) or smokersfor whom the question
was not applicable (because they had never beforetried to quit)
(933, 27%; n =58, X%, = 3.7, P = .05, V = .25).

Cigarettes Per Day

Interest in pharmacotherapy was significantly associated with
smoking level. Among lighter smokers (<10 cigarettes per day),
57% (63/111) were “quite a bit” or “very much” interested in
pharmacotherapy, whereas agreater proportion (132/188, 70%)
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of smokers of between 10 and 19 cigarettes per day (n = 299,
X%, =5.6, P =.01, V = .14) or between 20 and 29 cigarettes per
day (118/164, 72%) were similarly highly interested (n = 275,
X%, = 6.7, P = .007, V = .16). The very heaviest smokers,
however, were somewhat less interested in pharmacotherapy
than moderate smokers, although the differences were
marginally significant. Specifically, 59% (30/51) of participants
who smoked 30 or more cigarettes per day were “quite a bit”
or “very much” interested in pharmacotherapy, compared with
the 70% (132/188) of those smoking between 10 and 19

cigarettes per day (n = 239, X%, = 2.4, P =.09, V = .10), or the
72% (118/164) of those smoking between 20 and 29 cigarettes
per day (n= 215, x% =3.1,P=.06, V= .12).

Although the MANOVA and univariate tests indicated a
significant relationship between cigarettes per day and interest
ininterpersonal—supportive methods, none of the pairwise Tukey
test comparisons were significant (all P > .05). These results
are thus not reported.

Age Group

A significantly smaller proportion of younger smokers (<25
years) were “quite a bit” or “very much” interested in
pharmacotherapy (51/88, 58%) than the proportion (163/220,
74%) of smokersin the 26 to 40 age group (n = 308, le =72,
P =.005, V = .16) who were similarly interested.

The univariate F test for the relationship between age group
and interest in nonsocia—informationa methodswas marginally
significant (P < .06) but Tukey pairwise comparisonsindicated
significant differences between age groups (all P < .05) that
were corroborated by chi-square analyses. Fewer younger
smokers (<25 years) were“quiteabit” or “very much” interested
in nonsocial—informational methods (32/56, 57%) than all other
age groups. 74% (111/151) of smokers 2640 years (n = 207,

X%, =5.1, P=.02, V = .16), 79% (102/130) of smokers 41-55
years (n = 186, x%, = 8.8, P =.003, V = .22), and 83% (25/30)
of smokers aged =56 years (n = 86, x>, = 6.0, P=.01, V= .26).

Race

White and black/African American smokers differed in their
interest in interpersonal—supportive methods. While only 18%
(44/242) of white smokers were “quite a bit” or “very much”
interested in interpersonal—supportive methods, amuch greater
percentage (7/15, 47%) of black/African American smokers

weresimilarly interested (n = 257, x4, = 7.2, P= .01, V = .17).
These results should be interpreted cautiously, however, due to

the small sample of African American smokers contributing to
these analyses.

Education

Although the univariate F test for the relationship between
education level and interest in pharmacotherapy was marginally
significant (P < .10), Tukey pairwise comparisons indicated
significant differences between education levels that were
corroborated by chi-square analyses. These indicated that a
smaller proportion of smokers who had completed grade 11 or
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less were “quite a bit” or “very much” interested in
pharmacotherapy (12/34, 35%) than the proportion of smokers
who had achieved higher levels of education; specifically high

school or its equivalent (87/122, 71%; n = 156, le =149, P<
.001, V = .31), some college (161/237, 68%; n = 271, X, =
13.7, P <.001, V = .23), or graduation from college or higher
(124/182, 68%; n = 216, x%, = 13.2, P < .00, V = .25).

Discussion

Increasing the demand for cessation products and services will
lead to more quit attempts, higher cessation rates, and greater
reductions in smoking prevalence [22]. Smokers who seek
cessation information on the Internet are a large group of
smokers [11] who can be targeted and exposed to online
messages that could potentially increase demand for
evidence-based cessation products. Little is known, however,
about what these smokers need or want to help them quit, or
the reasons for or predictors of their preferences for various
treatments. The current study asked smokers who visited the
website of the ACS's GASO for cessation information to rate
their level of interest in evidence-based cessation products and
services. Our results for predictors of interest in cessation
methods were obtained controlling for all other variables
including gender, knowledge of availability of free quitlines,
and past-year attempts.

Cluster analysis of smokers' ratings suggested that smokers’
interest in behavioral treatments centered on the degree of social
or interpersonal involvement or social support the treatment
would provide. Specifically, one cluster we obtained comprised
products and services that involve high levels of interpersonal
interaction and/or support. These included group-support
cessation programs, telephone counseling, and using the Internet
to chat with other smokerstrying to quit. A contrasting cluster
consisted of cessation methods that would provide tailored or
individualized information on cessation, but that would not
involve interpersonal interaction. The latter comprised tailored
emails timed around a quit date, a website providing tailored
cessation information, or bookletswith information on quitting.
Among the current sample of smokers, these
nonsocial-informational programs were preferred to a
significantly greater degree than methods requiring interpersonal
interaction or support.

A separate cluster was also obtained that, as hypothesized,
consisted of pharmacotherapies for cessation. This result
suggests that motivation to use pharmacotherapy extends to
both nicotinic and non-nicotinic medications. We had also
hypothesized that interest in pharmacotherapy would be greater
than interest in behavioral methods. We found, however, that
smokers' interest in medications as a whole was comparable
with their interest in nonsocia—informational methods. Interest
in interpersonal—supportive methods received lower ratingsthan
pharmacotherapy or nonsocia—informational methods. These
results are consistent with Cobb and Graham’s[11] finding that
Internet seekers of cessation information believed that tailored
information would be more helpful than telephone counseling
or support received through Internet chat or forums. The present
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study builds on their findings by (1) suggesting that the level
of interpersonal interaction and social support involved inthese
treatments makes them less appealing to Internet seekers of
cessation information, and (2) examining sociodemographic
and other factors associated with interest in
interpersonal—supportive,  nonsocial-informational,  and
pharmacol ogical methods for cessation.

Asnoted earlier, compared with traditional media such asradio
or television advertising, online advertising has been shown to
be a more cost-efficient mode of recruiting smokersto Internet
and telephone-based cessation treatments [12]. Moreover,
behavioral targeting can be conducted whereby marketerstarget
online consumers who fit particular sociodemographic criteria
based on histories of websites visited and other publicly
available information. These strategies can be used to promote
cessation products and services to smokers seeking assistance
viathe Internet. Our results suggest, however, that thisis more
likely to be successful if thefocusison nonsocial—informational
methods and/or pharmacotherapy. The low interest in
interpersonal—supportive methods among online seekers of
cessation information, however, suggeststhat methodsinvolving
interpersonal interaction and/or support would need to be
carefully marketed. They should also consider the various
smoker characteristics associated with greater interest in these
methods.

Phar macother apy

Our results indicated that more smokers who were quitting the
next day were not at all interested in pharmacotherapy compared
with smokers quitting later on. Smokers planning to quit the
next day most likely have made up their minds about quitting
right away. They therefore may not want to spend the time to
learn about and choose amedication, go to the drugstore, or ask
adoctor to write a prescription. However, given the efficacy of
pharmacotherapy, efforts might be aimed at these smokers to
set aquit date with enough time to consider pharmacotherapy.

As hypothesized, results indicated that a greater proportion of
ol der smokers (2640 years) than younger smokers (<25 years)
were strongly interested in pharmacotherapy. This suggeststhat
older smokers would be more receptive than younger smokers
to efforts that encourage pharmacotherapy use. It is not
immediately clear why asmaller proportion of younger smokers
were interested, but one possibility is that more of them may
believe they cannot afford medications. Alternatively, younger
smokers may hold myths about medicationsthat older smokers
know are not true. Another possibility isthat older smokersare
more accustomed to taking medications for various health
conditions. These possibilities can be examined in future
research addressing preferences for cessation methods. The
affordability of medications, or myths about them, may also
explain why amuch smaller proportion of less educated smokers
were interested in pharmacotherapy than more educated
smokers. Understanding the main reasons for less educated
smokers' reluctance to use pharmacotherapy through further
research would be important in devising strategies to increase
demand for its use in this population.

Strategiesto increase demand for pharmacotherapy should also
consider smoking level, asthe number of cigarettes smoked per
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day was associated with interest in pharmacotherapy. Fewer of
the lightest smokers (defined as smoking <10 cigarettes per
day) and fewer of the heaviest smokers (=30 cigarettes per day)
were interested in pharmacotherapy than were those who
smoked between 10 and 29 cigarettes per day. A possible
explanation isthat lighter smokers may be morelikely to believe
that they are not so addicted that they need pharmacotherapy
to help them quit. In contrast, the heaviest smokers may be more
likely to believe that they are so addicted that even medications
cannot help them quit. If evidence is obtained supporting these
reasons, they can be addressed in online messages to increase
demand for pharmacotherapy such as NRT.

Based on the results obtained, behaviora marketing could
potentially be used to increase demand for NRT by targeting
smokers 2640 years old who have at least a high school
education (as these individuals appear to be most interested in
pharmacotherapy). Messages for these individuals could
emphasize the ease of purchasing NRT, compareitscost relative
to continued smoking, clarify concerns about using nicotinefor
treatment, and note its effectiveness rel ative to no medications.
Focus-group research would be helpful in determining the
precise content of messages that would resonate most for this
demographic segment.

I nter per sonal-Supportive M ethods

In general, smokers were less interested in
interpersonal—supportive  cessation methods than in
pharmacotherapy or nonsocial-informational methods.
Moreover, interest in interpersonal—supportive methods could
not be explained by whether smokers knew that free quitlines
were available (as results were no different when this variable
was controlled). In spite of the generally lower interest in
interpersonal—supportive methods, however, results indicated
that there were differencesin interest as afunction of quit date
and whether smokers had previously used a quitline.
Specifically, more smokers planning to quit “in the next week
or two” were interested in interpersonal—supportive methods
than were smokerswho planned to quit at some undecided time
in the future. This could be interpreted as a function of the
greater seriousness about quitting among smokers planning to
quit in the next week or two than among smokers who simply
report planning to quit at some undecided time in the future.

Smokers who had previously used a quitline were also much
morelikely to beinterested in interpersonal—supportive methods
than smokers who had never before called a quitline. Smokers
who had previously used a quitline may have had a positive
enough experienceto consider using an interpersonal—supportive
method again. Alternatively, these methods may appeal to these
smokers because of preexisting persona characteristics. For
example, smokers higher on the personality trait of extraversion
may find social interactional methods more appealing.

We had hypothesized that male smokerswould belessinterested
than female smokers in interpersonal—supportive methods.
Gender, however, was unrelated to interest in these treatments
or, for that matter, in the two other types of treatments. Previous
research has found gender differences among young adult
smokersin the seeking of help fromaprofessional [15]. Female
smokers are also more frequent users of quitline services [14].
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The lack of gender differences in interest in interpersonal—
supportive methods in this study suggests that there may be
other reasons why men have not actually used these methods
as freguently as women. One possibility is that men may not
be as knowledgeable about their existence. In this study,
however, men and women did not differ in their knowledge
about the availability of free quitlines. Alternatively, perhaps
men are intrinsically interested in interpersonal—supportive
methods but choose to not use them because of concerns about
conforming to gender stereotypes of masculinity and
hel p-seeking. Future research testing this hypothesis would be
useful. Support for this hypothesis would suggest that online
marketing messages directed to male smokersthat also address
theissue of masculinity might be ableto encouragetheir greater
use of interpersonal—supportive methods.

Overall, these resultsindicate that it may take a greater amount
of effort to persuade smokers using the Internet for cessation
advice to use interpersona—supportive methods such as
quitlines, group counseling, or Internet forumsfor peer support.
However, given the demonstrated efficacy of quitlines, efforts
should be made to encourage these options, at |east among those
smokers who would be more receptive (ie, smokers planning
to quit earlier and who may have used a quitline before).

Nonsocial—l nformational M ethods

Nonsocia—-informational methods include Internet-based
treatments for tobacco use, which reviews and meta-analyses
have concluded are effective compared with minimal or no
treatments[23,24]. These and other Internet-based methods are
typicaly free. Moreover, they can affect prevalence at the
population level because large numbers of smokers can be
reached for avery low cost.

Only age and when smokers were planning to quit were
significantly related to interest in nonsocia—informational
methods. While among all age groups most were “quite a bit”
or “very much” interested in these methods, a greater majority
of older smokers expressed strong interest. This counters the
perception that older individuals are not receptive to newer
technologies such as Web-delivered treatments or tailored
email-based cessation programs. At the time that smokers are
looking for cessation information on the Internet it seemslogical
to promote and provide access to these methods. Such astrategy
may be most effective if targeted toward older smokers and to
smokers who are a week or two away from their planned quit
date.

Limitations

The sample of individualsin this study may not be representative
of the population of smokerswho use the Internet for cessation
advice. Nevertheless, some of our resultsfor interest in cessation
methods parallel actual use found by studies using different
recruitment methods. For example, adult smokers in the 2005
NHIS reported alow rate of having used behavioral treatments
(which included in-person or telephone counseling or group
cessation programs) compared with pharmacotherapy. This is
consistent with the current study’s finding of greater interest in
pharmacotherapy than in behavioral methods. The NHIS also
found that young adult smokers were less likely than older
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smokers to use pharmacotherapy [14]. Consistent with thiswe
found that a significantly greater proportion of older smokers
than younger smokers were “quite a bit” or “very much”
interested in using pharmacotherapy. In addition, our results
are similar to Cobb and Graham’s finding that a greater
proportion of Internet seekers of cessation information were
women [11]. That study also found that telephone counseling
and support received through Internet chat or forums were
perceived as treatments that would not be helpful. In addition,
although Cobb and Graham did not assess education levels, the
higher levels of education noted in the current sample is
consistent with that of users of the Internet in genera [25], the
population of interest in the current study. Nevertheless,
replication of our findings would add confidence to our results
for smokers' preferences and factors associated with them. In
addition, our finding suggesting that black smokers were more
interested than white smokers in interpersonal—supportive
methods for quitting should be further investigated. Replication
of thisresult would justify devoting extraresourcesto encourage
the use of quitlinesand other interpersonal—supportive methods
among smokers from this community.

It is aso not certain whether interest in a type of cessation
method would translate into actual use of that method if it were
made available. The aim of the study, however, was not to
predict actual use but rather to first understand the basis of
smokers’ preferences. Thisisinformation that can then be used
toincrease adoption of evidenced-based treatments. Self-report
isareasonable approach to understanding these preferences and
istypicaly afirst step in market research. Future research may
then focus on how to increase demand based on knowledge of
these preferences by developing appropriate messaging for
particular segments of consumers. Making preferred treatments
appealing and available at the time smokers are seeking
cessation advice on the Internet would hel p trand ate preferences
to actual behavior, especially given the convenience of the
Internet for purchasing products and services. Thereis also no
reason to believe that ratings of preferences for particular
cessation methods would be subject to social desirability biases.
In the case of tobacco use behavior, self-reports have been
shown to be reliable and valid [26], including from online
surveys [27]. The validity of self-reports of tobacco behavior
in online surveysis attributed to the lack of incentive to present
oneself in a favorable light. In contrast, in a clinical setting
where smokers are face to face with researchers, social
desirability biasesare greater [26]. In the current study, smokers
planning to quit completed an anonymous survey with no
incentives.

Dueto concernsfor brevity, the study was unableto test specific
underlying reasons for associations between predictors and
interest in treatments. For example, why a greater proportion
of older smokers were strongly interested in
nonsocial—informational cessation methods than were younger
smokers could not be answered by the present study.
Understanding smokers' reasons behind their interest (or
noninterest) in cessation methods would be afruitful topic for
further research. Results of that research would help in refining
strategiesto promote use of cessation products and servicesfor
all sociodemographic groups. Evaluating smokers' interest in
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cessation aids with no evidence of effectiveness (eg, hypnosis,
acupuncture) would also be informative.

Conclusions

Smokers who want to quit have available to them several
effective cessation products and services. Demand for these is
relatively low, however. Fortunately, many smokers access the
Internet to hel p them quit, so targeting these smokersto promote
cessation aids is a potentially effective way of increasing
demand. Results of the current study indicated that they have
relatively greater interest in pharmacotherapy and in cessation

Westmaeas et al

methods that provide tailored information or advice, but that
do not involveinterpersonal or socially supportive interactions.
Moreover, the study indicated that smokers' level of cigarette
consumption, when they were planning to quit, and
sociodemographic variables were all associated with level of
interest in using these treatments. Future research investigating
the causes of interest in evidence-based treatments and whether
targeted messages can encourage use among different groups
of smokers will be an important step in understanding how to
increase demand for treatments among smokerswho are Internet
users.
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Abstract

Background: A growing body of research has employed information and communication technologies (ICTs) such as the
Internet and mobile phones for disseminating physical activity (PA) interventions with young populations. Although severa
systematic reviews have documented the effects of 1CT-based interventions on PA behavior, very few have focused on children
and adolescents specifically.

Objectives: The present review aimed to systematically evaluate the efficacy and methodological quality of ICT-based PA
interventions for children and adolescents based on evidence from randomized controlled trials.

Methods: Electronic databases Medline, Psycinfo, CINAHL, and Web of Science were searched to retrieve English language
articles published in international academic peer-reviewed journals from January 1, 1997, through December 31, 2009. Included
were articles that provided descriptions of interventions designed to improve PA-related cognitive, psychosocial, and behavioral
outcomes and that used randomized controlled trial design, included only children (6-12 years old) and adol escents (13-18 years
old) in both intervention and control groups, and employed Internet, email, and/or short message services (SMS, aso known as
text messaging) as one or more major or assistive modes to deliver the intervention.

Results: Intotal, 9 studies were analyzed in the present review. All studies were published after 2000 and conducted in Western
countries. Of the 9 studies, 7 demonstrated positive and significant within-group differences in at least one psychosocial or
behavioral PA outcome. In all, 3 studies reported positive and significant between-group differences favoring the ICT group.
When between-group differences were compared across studies, effect sizes were small in 6 studies and large in 3 studies. With
respect to methodological quality, 7 of the 9 studies had good methodological quality. Failure to report allocation conceal ment,
blinding to outcome assessment, and lack of long-term follow-up werethe criteriamet by the fewest studies. In addition, 5 studies
measured the intervention exposure rate and only 1 study employed objective measures to record data.

Conclusion: The present review provides evidence supporting the positive effects of ICTsin PA interventions for children and
adolescents, especially when used with other delivery approaches (ie, face-to-face). Because ICT delivery approaches are often
mixed with other approaches and these studies sometimes lack a comparable control group, additional research is needed to
establish the true independent effects of ICT as an intervention delivery mode. Although two-thirds of the studies demonstrated
satisfactory methodological quality, several quality criteriashould be considered in future studies: clear descriptions of allocation
concealment and blinding of outcome assessment, extension of intervention duration, and employment of objective measuresin
intervention exposure rate. Due to the small number of studies that met inclusion criteria and the lack of consistent evidence,
researchers should be cautious when interpreting the findings of the present review.
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Introduction

Regular physical activity (PA) is associated with reduced risk
of breast cancer, hypertension, coronary heart disease, type 2
diabetes mellitus, obesity, and osteoporosis in children and
adolescents [1-3]. However, the majority of our young
population is not engaging in sufficient PA to achieve these
health benefits [4-7]. Developing effective interventions to
promote active lifestyles among children and adolescentsis one
way to address the lack of PA in this population.

In the past decade, numerous PA interventions have been
devel oped and implemented [8,9]. Thetypical modesof delivery
for these interventions have been face-to-face and mass media
[10,11]. Studies [12-14] have indicated that interventions
delivered using a face-to-face approach (ie, structured PA
programs and individual counseling) have been effective for
PA behavior changes, but effects have been small. Dueto time
schedules, high running costs, and geographic restrictions, these
interventions could not reach and be accessed by a large
population [15-18]. With the combination of small effects and
limited reach, the impact of face-to-face PA interventions on
public health has been modest [19]. On the other hand, PA
i nterventions disseminated through mass mediaapproaches (ie,
TV, radio, and pamphlets) have the potential to reach large
numbers of individuals. One limitation of mass media—based
PA interventions is that they mainly contain generic content
and feedback that isless relevant to individuals who may need
different strategies to change PA behavior [10]. The
aforementioned limitation probably explains why the majority
of these mass media—based interventions (except the VERB
campaign [20]) were only successful in raising awareness and
increasing knowledge and not in improving PA behavioral
outcomes (ie, increasing PA levels) [21]. In sum, innovative
approaches that can reach large groups of people while at the
same time enhancing accessibility and personal relevance are
needed. Interestingly, studies have shown that this lack of
personalization, mentioned as a limitation of media-based PA
interventions, could be addressed with the use of advanced
information and communication technology (ICT) such as
Internet, personal digital assistants, computer kiosks, and mobile
phones [22,23].

Advantages of | CT-based interventions

The proliferation of the Internet and mobile phones has provided
a powerful channel to widen the reach of PA interventionsin
children and adolescents[23]. In devel oped countries, over 90%
of children and adolescents were found to have had access to
the Internet at school and/or home [14]. Moreimportantly, they
perceived the Internet as their primary resource for seeking
health information [24,25]. Additionaly, 45% to 99% of
children and adolescents have been found to own a personal
mobile phone, and half of them use short message services
(SMS, also known as text messaging) [10]. In addition to this
broadened reach, advanced Web technol ogies can enhance the
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personal relevance of an intervention's contents. Researchers
can now tailor PA interventions based on a variety of factors
that influence PA behavior change in children and adolescents
(eg, gender, ethnicity, weight status, stage of change, PA
self-efficacy, and PA barriers). In addition, ICT interventions
can present materials in various forms (ie, text, sound, video,
and animation) to satisfy children’sand adolescents' preferences
[22]. Moreover, email and SMS have provided a means for
researchers to deliver individualized feedback, automatic
reminders, and socia support. These elements could enhance
children’s and adol escents' attention toward and understanding
of the materials [26-28], which could lead to subsequent
improvementsin PA behavior.

In recent years, the evidence base of |CT-based health behavior
change interventions has been growing [29-31]. Severa
systematic reviews [26,28,32-36] have evaluated the efficacy
of these interventions; however, very few studies have focused
on PA behavior. Even though some studies have concentrated
specifically on PA behavior [32,33,35,36], none has focused
on children and adolescents. To our knowledge, the systematic
review conducted by Norman et a [33] was the only paper
published in the previous 5 years that has documented the
efficacy of ICT-based PA interventions in children and
adolescents. These authors conducted an electronic database
search through the year 2005, and they identified 33 studies
with PA as an outcome. As ICT-based PA interventions were
still in adevelopment stage at that time, studies that focused on
children and adolescents were scant. These authors located 5
studies that focused on children and adol escents, and only 3 of
them were randomized controlled trials (RCT). Although
Norman and colleagues concluded that | CT-based interventions
were effective for changing PA behavior, this conclusion was
mainly drawn using evidence collected with adult subjects.
Whether their conclusions can be generalized to children and
adolescents needs further investigation. Since 2005, several
additional RCTs have been published. It is, therefore, timely to
conduct a new systematic review to evaluate the efficacy and
methodological quality of ICT-based interventions relative to
promoting PA behavior change in children and adolescents.

Although there are various I CTs, the present review focused on
the Internet and SMS only. The reason for limiting the scope
of ICT to Internet, email, and SM Sisthat these modes are most
frequently used among children and adolescents. Other ICTs
such as interactive CD-ROMs and computer kiosks were
excluded because they are less popular, and, in that format, the
advantages of ICT-based interventions (eg, free of time and
geographic restrictions) are not fully utilized. Moreover,
ICT-based PA interventions for children and adolescents are
still in adevel oping stage; a systematic review focused on both
Internet and SM S should demonstrate their usefulnessin various
research designs. This could inform the choice of ICT in future
studies.
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The purpose of the present review wasto systematically evaluate
the efficacy and methodological quality of [CT-based
interventions that applied Internet and/or SMS as a delivery
modefor PA behavior changein children and adol escents based
on evidence from randomized controlled trials.

Definitions

In this review, an ICT-based intervention is defined as an
intervention that employs Internet, email, and/or SMS as one
of the intervention delivery modes. The following types of
intervention are excluded from thisdefinition: (1) interventions
that only involved ICT for data collection (ie, online surveys
and electronic medical records) and (2) interventions that used
a computer to generate individually tailored printed materials
and delivered those materials using a non-ICT mode. The
aforementioned interventions were excluded because there was
little or no information exchanged, and interactions between
the ICTs and participants were minimal.

Methods

An electronic database search was conducted to retrieve English
articles from CINAHL, Medline, Psycinfo, PubMed, and Web
of Science. The search targeted articles published from January
1, 1997, through December 31, 2009, because |ICT-based
interventions began in the late 1990s [11]. For CINAHL,
Medline, Psyclnfo, and Web of Science, we performed a
keyword search using the following search strings: (child* OR
adolescent* OR teenag® OR youth) AND (Internet OR
Web-based OR Web-delivered messages OR email OR e-mail
OR electronic mail OR mobile phone OR text messag* OR
SMS) AND (daily physical activit* OR exercise OR walk* OR
motor activ* OR leisure activit* OR physical fitness OR sport*)
AND (health OR health behavior OR weight loss OR obesity
OR overweight). In addition, we conducted a MeSH search in
PubMed using the following search  strings:
("Adolescent"[Mesh] OR "Child"[Mesh]) AND
("Internet"[Mesh] OR "Telecommunications'[Mesh]) AND
("Exercise'[Mesh] OR "Motor Activity"[Mesh] OR
"Sports'[Mesh]) AND ("Hedth Behavior'[Mesh] OR
"Obesity"[Mesh] OR "Weight Loss'[Mesh]).

Selection Criteria

To beincluded, articles had to (1) be published in international
academic peer-reviewed journals (book chapters, abstracts of
conference proceeding, and dissertations were excluded); (2)
use a randomized controlled trials design; (3) evaluate an
intervention that aimed to promote PA behavior; (4) include at
least one PA behavior variable as the outcome (no restriction
was defined regarding the types of PA behavior outcomes, which
could be cognitive [ie, PA knowledge], psychosocial [eg, PA
intention, PA self-efficacy, social support to PA, stage of
change], or behavioral [ie, energy expenditure, step counts, or
self-reported PA level]; (5) focus only on children (6-12 years
old) and adolescents (13-18 years old) in both the intervention
and control group; and (6) employ Internet, email, and/or SMS
as one or more maor or assistive modes to deliver the
intervention. No further limitswere set on the types and content
of the control group. Control groups were norn—l CT-based, no
treatment, or different types of 1CT-based interventions.
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To attain additional eligible articles, the reference list of the
located studies and relevant reviews were also checked. The
selection of articles was independently performed by two
investigators (authors PWCL and EYL).

Data Extraction

The present review provided a narrative evaluation of the
selected articles because of the heterogeneity in study designs,
measures, and outcomes across studies. Information about the
selected articles was extracted into a structured summary table
by oneinvestigator (EY L) and checked by another investigator
(PWCL). The following data were extracted: source (year of
publication, country in which study was conducted); study
characteristics (study design, setting that the information was
delivered via ICT, and target behavior); participant
characteristics (sample size, age, and group of participants);
intervention  descriptions,  intervention  characteristics
(intervention duration, mode of delivery, contact freguency,
theoretical basis, types and numbers of behavior change
technique[BCT] used, and I CT initiation strategy). Useof BCT
was coded according to the definition of the taxonomy of BCT
developed by Abraham and Michie[37]. ICT initiation strategy
wasdivided into participant-initiated (participants have to decide
when, where, and what information to access or transmit by
ICT) or investigator-initiated (an investigator delivered the
information to participants viaICT at afixed time, venue, and
under specific conditions). For example, with a
participant-initiated process, participants were told to access a
PA website twice a week during their free time, but they were
not told which day of theweek or number of pagesto read each
time. For an investigator-initiated process, participants might
receive a hyperlink via their personal email or individual
feedback to their mobile phone.

The Efficacy of ICT-Based PA Interventions for
Children and Adolescents

In addition, types of outcome measures and main findings were
coded. The pre-post difference on PA behavior outcome in the
intervention group was coded as*“ 1 ” for positive and significant
change, “ - for no significant change and “ 1 for significant
negative change. The pre-post difference in PA behavior
outcome between the intervention group and control group was
coded as “+” (dignificant difference favoring the ICT
intervention group), “O” (no significant difference between
groups), and “—" (significant difference favoring the control
group). To compare the potential effect of ICT interventionson
children and adol escents across studies, an effect size (ES) was
calculated when sufficient information was reported. An ES of
less than 0.5 was interpreted as small, 0.5 to 0.8, as medium,
and greater than 0.8 as large [38]. When a study measured
outcomes across several time points, the longest follow-up was
selected for effect size calculation. For example, if a study
measured exercise behavior at 6, 12, 18, and 24 months the
24-month data were selected for comparison. For studies that
empl oyed more than one comparison group, following previous
systematic reviews of ICT-based intervention [26,34], the
control group with the least contact was selected for ease of
interpretation. To ensure the accuracy of the data extraction,
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origina authors of the included studies were contacted for
further information and clarification when needed.

Assessment of M ethodological Quality

Methodological quality was assessed using a 13-item scale
developed in a previous review [35]. Studies were rated
independently by one investigator (EYL) and checked by
another investigator (PWCL). Disagreements were discussed
until consensus was reached. Each item was rated as yes, no, or
unknown. A total methodological quality score (ranging from
0-13) was calculated by summing up all yesitems. Studieswere
rated as having good methodological quality if they met at least
two-thirds of the criteria(ie, = 9 items).

In addition, theintervention exposure rate of theincluded studies
was also extracted because this was suggested as an important
quality criterion of | CT-based interventions[39,40]. The present
review also assessed whether the included studies measured
exposure frequency (ie, how frequently the participants accessed

http://www.jmir.org/2011/3/e48/
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materials via ICT) of the intervention. For those studies that
involved an Internet program, exposure duration (ie, how much
time did participants spend on reading materials via ICT each
time?) was also extracted [40].

Results

Sdlection of Articles

The search and selection process for articles is illustrated in
Figure 1. A total of 2606 articleswereidentified initially. After
removing duplicates articles (n = 230) and irrelevant studies (n
=2337), 39 articleswereretained for further considerations. Of
these, 30 articles were excluded as they were descriptive or
feasibility studies (n = 13), they were not targeted to the
population of interest (n = 7), they did not use an RCT design
(n = 6), they did not include any PA behavior outcome (n=3),
or they did not use ICT asthe mode of delivery (n=1). Inthe
end, 9 studies [41-49] were included in the present review.
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Figure 1. Search and selection process for the articles

Lauetd

Records identified through
database searching

(n = 2603)

Additional records identified
through other sources

n=3)

l

l

Records after duplicates removed

(n=230)

l

Records screened Records excluded
—»
(n =2376) (n=2337)
Full-text articles assessed Full-text articles
for eligibility » excluded, with reasons
(n=39) (n =30)

l

m=9"

Studies included in the

present review

Data Extraction

Detailsregarding the 9 included studies are summarizedin Table
1. All studies were published after 2000 and conducted in
Western countries. Specifically, 6 studies were conducted in
the United States [41,44,46-49], and 1 each was conducted in
the United Kingdom [42], Austraia [43], and New Zealand
[45].

Study Char acteristics

In al, 8 studies [41,43-49] randomized the participants on an
individual basis, while one study [42] randomized at the school
level. Another 7 studies[41-45,48,49] ddlivered theintervention
through ICTsin a home setting, whereas the remaining studies
disseminated the intervention at schools [47] or clinics[46]. In
regard to the target behavior, 3 studies [42,44,45] focused on
PA behavior alone; 6 studies [41,43,46-49] focused on PA

http://www.jmir.org/2011/3/e48/

together with other health behaviors (eg, sedentary behavior,
dietary intake, and diabetes management) (See Table 1).

Participant Characteristics

The 9 included studies contained 1456 total participants and
the sample sizes ranged from 57 to 473 in each study.
Approximately 48.1% of the total sample participants were
female (701/1456). In all, 6 studies included both genders
[41,43,45-48], while 3 studies focused on a single gender: 2
studies[44,49] focused on females and 1 study focused on [42]
males. In the majority of studies, the intervention was offered
to healthy children and adolescents recruited from schools and
communities (eg, a scout troop). Also, 3 studies focused on
overweight [49] or diabetic patients [41,45] from pediatric
clinics (See Table 1).
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Intervention Characteristics

Intervention duration ranged from 2 weeksto 2 years. Of the 9
studies, 5 [42,44,45,47,48] focused on short-term results (< 3
months), 2 [43,46] focused on medium-term results (4-6
months), and 2 focused on long-term results (> 6 months)
[41,49]. Regarding the mode of delivery, 8 studies [41-48]
employed asingle ICT mode (Internet = 4, email = 1, and SMS
= 3) to ddiver the intervention. The only exception was
Williamson et a [49] who combined the use of Internet and
email. The contacts made viathe ICT mode varied from twice
per day to once in 12 weeks. Also employed by 6 studies
[41-43,45,46,48] were non-ICT modes (face-to-face, mail, and
telephone) to contact the participants; the frequency of contact
by non-ICT modes ranged from once per week to once every 3
months.
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Of the 9 studies, 5[41-43,46,47] had developed theintervention
based on health behavior changetheories: 3 [41-43] were guided
by socia cognitive theory (SCT) [50,51] and 2 [46,47] were
devel oped based on SCT [50,51], transtheoretical model (TTM)
[52], and relapse prevention model (RPM) [53]. Useof BCT in
each study is summarized in Table 2. It was found that 3 types
of BCT were used the most among theincluded studies: prompt
specific goal setting, prompt self-monitoring of behavior, and
provide feedback on performance. Overall, there was great
variability in the number of BCTs used (the range was 3 to 9).
In terms of the ICT initiation strategy, 5 studies [41,43,45-47]
used investigator-initiated strategies and 4 studies [42,44,48,49]
employed participant-initiated strategies.
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Table 1. Overview of characteristics and main findings of included studies
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Author, Participant Study Intervention Intervention Main Findings
Year, and Characteristics ~ characteristics Descriptions Characteristics
Country
Franklinet 92 diabetic pa- Design: RCT ICT group 1: Sweet Talk SMS (au- Duration: 1 year «  Significantly greater increase
al, 2006, tients (8-18years gy ng: home tomatic scheduled SMSreminder of  \ode and contact: in perceived social support to
United of age), 43 were Focus: diabetes thegoal set, daily ti PS, and monthly 1 0r 2 SMS per exercisein bpth ICT groups
States[41] femae text newdletter on diabetes issues. dav® 1 facet compared with control group
Participants could reply to the SMS ¢ Y acgto—4 « Nosignificant difference be-
and get an extraSM Sfor reply) plus aceti/ery 0 tween the 2 ICT groups
intensive insulin treatment and montns
standard treatment (clinic visitonce  Theory: SCT
per 3 to 4 months and access to Number of BCTs
emergency hotline). used: 8
ICT group 2: Sweet Tdk SMSin  Communication
addition to conventional insulin initiation: investiga-
treatment and standard treatment tor
Control: standard treatment only
Jago et @, 473 boy scouts  Design: cluster  ICT group 1: Internet-based PA Duration: 9weeks «  Significantincreaseinlight PA
2006, United  (10-14 years),0 RCT program contained goal setting and  pjode and contact: in1CT group 1
Kingdom were female Setting: home acomic story on overcoming PA 2 per week vialn- * No significant between-group
[42] barriers plus face-to-face troop ternet and 1 per differences
Focus: PA - . i p
training started in the spring. week face-to-face
ICT group 2: Internet-based PA ) a
program contained goal setting and Theory: SCT
acomic story on overcoming PA  Number of BCTs
barriers plus face-to-face troop used: 8
training started in the fall Communication
Control: dietary intervention plus ~ initiation: partici-
face-to-face troop training pant
Lubansetal, 124 school chil- Design: RCT ICT: social support email fromin-  Duration: 6months «  Significantly greater increase
2009, Aus-  dren(meanage g ng: home vestigator and pedometer self-moni-  \14de and contact: in step countsin ICT group
tralia[43] 14.1), 71 werefe- ) toring plus printed PA and nutrition : a compared with control for both
male EQCUS' PA and handbook and printed monthly fl em?ll fper week, boysand girls
let newsletter for parents plus face-to- tacte o-lace cor;—ek o  Significantly greater increase
face school-based sport education fac tgncf? gﬁg’ in low active participants of
program (structured PA session fo- Oéeke Ir ICT group compared with
cusing on lifetime activities) plus weeks control group
information session (weekly diet ~ Theory: SCT «  Nosignificant differencein
and PA messages with teacher- Number of BCTs step countsin active partici-
demonstrated related activitiesto  ysed: 7 pants between ICT group and
Ir::;[n‘orcethe message and summary Communication control group
ures) initiation: investiga:
Control: face-to-face school-based  tor
sport education program plus exer-
cise handbook
Marksetal, 319girls(12-14 Design: RCT ICT: Web-based PA program con-  Duration: 2weeks «  Significant increasein PA self-
2006, United  yearsof age), that - geting: home ~ taining interactive games, quiz, Mode and contacts: efficacy and PA intention in
States [44] is, al 319 femae Focus. PA downloadable chartsto plan daily | hternet 2timesper both ICT and control groups

activity, and audio demonstration of
PA activities

Control: print-based PA program
with the content identical to the In-
ternet-based intervention

week

Theory: nonemen-
tioned

Number of BCTs
used: 3
Communication
initiation: partici-
pant

«  Significantly greater increase
in PA intention in control
group compared with ICT
group but not in PA, self-effica
cy and PA level
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Author, Participant Study Intervention Intervention Main Findings
Year, and Characteristics ~ characteristics Descriptions Characteristics
Country
Newton et 78 diabetic pa- Design: RCT ICT: pedometer self-monitoring Duration: 12weeks «  Both groups decreased in step
al, 2009, tients (11-18 Setting: home ~ Withagoal of at least 10,000 Mode and contact: counts, but thiswas not statisti-
New years), 42 were ) step/day plus motivational SMSre- 1 or 2 SMS con- caly significant.
Zedland[45] female Focus: PA minder (participantscouldreply the ;o per week « Nosignificant between-group
SMS and get an extra SM S for re- differences
) Theory: nonemen-
ply?) plus standard diabetestreat- ¢ oned
ment
i Number of BCTs
Control: standard diabetestreatment | o 5
Communication
initigtion: investiga-
tor
Patrick et al, 117 adolescents  Design: RCT ICT: interactive computer program  Duration: 16 weeks «  Significant improvement in
2001, United (11-18 years, Setting: clinic (assessed and compared participant's  ode and contact: moderate PA in al groups but
States[46]  mean age 14.1), ) self-reported PA and diet behavior  |nternet face-to- no effect in vigorous PA
43 were female F_OCUS' FA plus with recommendations, gavefeed- 400 and' mail.each ¢  Nosignificant between-group
diet back, and instructed the participants - once during the 16 differences
to select two behaviorsthat they are ek plustele-
most ready to change and construct  phone once every
an action plan) plus provider coun- 5 \yeeks
seling (provider review and discus- .
sion gf(i)he action with the partici- Theories: SCT,
pants) plus extended follow-up by TTM, and RPM
mail for group 1 and by infrequent  Number of BCTs
telephone plus mail contact for used: 8
group 2, and frequent telephoneplus - Communication
mail contact for group 3 initiation: investiga-
Control: interactive computer pro-  tor
gram plus provider counseling but
no further extended follow-up
Prochaskaet 138 school chil-  Design: RCT ICT group 1: one-session Internet-  Duration: 12weeks «  Significantly greater increase
a, 2004, dren (12-14 Setting: school based PA assessment with tailored  ode and contact: in PA level in ICT groups
United ears), 90 were feedback compared with control groups
States [47] %/emal)e Focus: PA plus ICT - ; 1 Inrernet contact. for b% s but not for irlg P
diet group 2: one-session Internet-  inthe 12 week peri- Yy g
based PA plus dietary assessment  od
with tailored feedback Theories: SCT,
Control: no treatment TTM, and RPM

Number of BCTs
used: 9
Communication
initiation: investiga-
tor
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Author, Participant Study Intervention Intervention Main Findings
Year, and Characteristics ~ characteristics Descriptions Characteristics
Country
Shapiroetal, 58children(5-13 Design: RCT ICT: parent and child to report their  Duration: 8weeks «  No significant differencein
2008, United  years), 36 weré  getting: home sugar-sweetened beverages, Screen  node and contact: step countsin al groups
States[48]  female ) time, and PA goalsby SMS plus 2 SMS per d
Foous PAS;' U immedicteand atomatic SMS e o rsomeen
Ietplusseden-  ternark plus3face-to-facepsychol- ek
tary activity : . )
ogist-led educational sessions
. Theory: none men-

Control group 1: parent and childto  tjgned

report their sugar-sweetened bever-

ages, screen time, and PA goals by N;gb;ar of BCTs

using a paper diary plus 3 face-to- used:

face psychologist-led educational ~ Communication

sessionsplusverbal feedback during  initiation: partici-

the educational session pants

Control group 2: 3 face-to-face

psychologist-led educational ses-

sionsonly
Williamson 57 overweight Design: RCT ICT: Internet-based PA and dietary Duration: 2years «  Significant improvement in
etd, 2006, girls(11-15 Setting: home program with tailored information  pode and contact: self-reported exercise behavior
;r;iited years), that isall Focus: weight gnd precriptionsand online c_ounsel- Internet once per ina I' groups

es[49] 57 werefemde loss ing plus 4 face-to-face meetingsat  \yeek email once ¢  NO significant between-group

1, 3, 6, and 12 weeks

Control: Internet-based program
with general PA and dietary informa-
tion plus 4 face-to-face sessions at
1, 3, 6, and12 months

per week, and face-
to-face4timesin
12 weeks

Theory: none men-
tioned

Number of BCTs
used: 7
Communication
initiation: partici-
pant

differences

8| nformation obtained from original author
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Table 2. Use of behavior change techniques (indicated by Abraham and Michie [37])

Lubans
etal [43]

Franklin
etal [41]

Items

Jago
etal [42]

Marks
et a [44]

Newton
et al [45]

Patrick Prochaska  Shapiro
etal [46] etd[47] eta[48] eta[49]

Provide information about be- X
havior-health link

Provide information on conse-
guences

Provide information about oth-
er's approval

Prompt intention formation

Prompt barrier identification X X
Provide general encouragement

Set graded tasks

Provide instruction X X X

Model or demonstrate the be-
havior

Prompt specific goal setting X

Prompt review of behavioral
goals

Prompt self-monitoring of be- X X X
havior

Provide feedback on perfor- X
mance

Provide contingent rewards X X

Teach to use prompts and cues

Agree on behavioral contract X X
Prompt practice

Use follow-up prompts

Provide opportunitiesfor social
comparison

Plan social support or social X X
change

Prompt identification asarole
model.

Prompt self-talk

Relapse prevention

Stress management
Motivational interviewing

Time management

X X X

X X X

NG X

| nformation obtained from original author

Intervention Efficacy

Table 3illustrates the effects of |CT-based interventions on PA
behavior outcomes. Changes in behavioral variables were
reported in 7 studies [42-48], and 4 of these [42,43,46,47]
demonstrated significant within-group differences. Changesin
psychosocial variables were presented in 3 studies [41,44,49],
and all demonstrated significant within-group differences.

http://www.jmir.org/2011/3/e48/

RenderX

Inall, 7 studies [41-45,47,48] compared the effects between an
ICT group and anon-ICT control group. Of these, 3[41,43,47]
reported a positive effect favoring the ICT group, and 1 study
showed a positive effect favoring the non-ICT control group
[44]. Inaddition, 2 studies[46,49] contrasted the effect between
two ICT groups. They examined whether different tailoring
levelsand follow-up methods would affect intervention efficacy.
There were no significant between-group differences. On
average, |CT-based interventions had a small effect size (0.03
t0 0.41) on PA behavior change when compared with the control
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group. Notable exceptions were studies by Franklin et al [41],
Lubanset al [43], and Prochaska et al [47], who reported large
effect sizes.

Assessment of M ethodological Quality

In Table 4, theresults of the methodol ogical quality assessment
are described. Of the 9 included studies, 7 [41-44,47-49] were
rated as having good methodological quality. The low

Table 3. Effect of ICT-based intervention on PA outcomes

Lauetd

methodological quality scoreswere attributed to failureto report
the concealment method for randomization, blinding of the
assessors, and failure to follow-up long term. In all, 7 studies
[41-44,46,47,49] measured intervention exposure freguency,
while 5 studies [42,44,46,47,49] utilized an Internet program,
and 3 of those studies [44,46,47] recorded Internet exposure
duration.

Sources Effect®
Outcome Measure Within-Group Between-Group  Effect Size
Franklin et al [41] Perceived social support to exercise 1 + 0.76
Jago et a [42] Light PA t @) 0.03
Moderate PA - O 0.08
Step counts - @) 0.24
Lubans et al [43] Step count, boys 1 + 0.80
Step count, girls 1 + 12
Marks et a [44] PA self-efficacy 1 O Not applicable
PA intention 1 — 0.41
Self-reported PA - O 0.39
Newton et al [45] Step counts - @) Not applicable
Patrick et al [46] Moderate PA 1 O Not applicable
Vigorous PA - @) Not applicable
Prochaska et al [47] PA level, boys 1 + 0.95
PA level, girls - @) 0.03
Shapiro et al. [48] Self-reported PA - @) 0.14
Williamson et a [49] Self-reported exercise behavior 1 @) Not applicable

@ The pre-post differencein PA behavior outcome in the intervention group was indicated by: “1” for positive and significant, “ - ” for no significant
changeand “ 1" for significant negative change. The pre-post difference in PA behavior outcome between the intervention group and control group was
coded as*“+” (significant difference favoring the ICT intervention group), “O” (no significant difference between groups), and “—” (significant difference

favoring the control group).
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Table 4. Assessment of methodological quality and intervention exposures of the studies

Items Franklin  Jago Lubans  Marks Newton  Patrick Prochas- Shapiro  Williamson
etal [41] etal[42] eta[43] etal[44] eta[45] eta [46] ka etal [48] etd [49]
et al [47]

Methodological quality
Were the eligible criteria specified? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Was the method of randomization de- Yes No Yes Yes No No No Yes Yes
scribed?
Was the random allocation concealed? (ie,  Yes Ve Yes Unknown  vegd No? Yes? Yes? No?
wasthe assignment generated by anindepen-
dent person not responsible for determining
eligibility of the participants)
Were the groups similar at baselineregard-  Yes Ve Yes Yes No? Yes Yes Yes Yes
ing important prognostic indicators?
Were both the index and the control inter-  Yes Yes Yes Yes Yes Yes Yes Yes Yes
ventions explicitly described?
Was the compliance or adherence withthe  Yes Yes No Yes Yes Yes Yes Yes Yes
interventions described?
Was the outcome assessor blinded tothe o2 No? No? Unknown No Ye Ye Ng? Ng?
interventions?
Was the dropout rate described, and were  Yes Yes No Yes No Yes Yes Yes Yes
the characteristics of the dropouts compared
with the completers of the study?
Was along-term follow-up measurement  Yes No Yes No No No No No Yes
in both groups comparable?
Was the timing of the outcome measure- Yes Yes Yes Yes Yes Yes Yes Yes Yes
ments in both groups comparable?
Was the sample size for each group de- Yes Ve Yes Yes Yes No? Yes No Yes
scribed by means of a power calculation?
Didtheanalysisincludeanintention-to-treat  Yes No No? Yes Yes No Yes No Yes
analysis?
Were point estimates and measures of vari-  Yes Yes Yes Yes Yes Yes Yes Yes Yes
ability presented for the primary outcome
measures?

I ntervention exposure
Was the exposure frequency measured? Ye? Ve Yes Yes No Yes Yes No Yes
Woas the exposure duration measured? Na No Na Yes Na Ve Yes Na No

| nformation obtained from original author
Na, Not applicable

Discussion

Effectsof | CT-based PA interventionsfor children
and adolescents

The present review systematically evaluated the efficacy and
methodological quality of |CT-based interventionsthat applied
Internet and/or SM S asadelivery modefor PA behavior change
in children and adol escents based on the evidence of randomized
controlled trials during the past 12 years (1997-2009). As
mentioned earlier, thereview by Norman et al [33] only included
3 RCTs focused on children and adolescents. Although the
present review located 6 more studies, the small number of
included studies in both reviews indicates the needs for
additional studies. The 3 RCTsreviewed by Norman et al were

http://www.jmir.org/2011/3/e48/

RenderX

Internet-based interventions. In contrast, the present review
illustrated that the proportion of Internet- and SMS-based
interventions was amost equal. This finding suggests the
emerging role of SMS in changing PA behaviors in a young
population. However, there are no existing criteria to inform
the choiceof ICT for different research purposes. Future studies
investigating this issue are suggested.

The present review demonstrates consi stent evidence supporting
the efficacy of improving psychosocia variables through
ICT-based Interventions (eg, self-efficacy). For behaviora
variables (ie, PA level), evidence was less consistent.
Unfortunately, there is insufficient information explaining the
underlying mechanisms for change because many of the
included studies have an incomplete theoretical foundation.
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Baranowski and Jago [54] indicated that a complete theoretical
foundation of an intervention played an imperative role in
explaining the effects of PA interventions. Their framework
stated that a compl ete theoretical foundation not only includes
employing theory and theory-based strategies to design the
intervention, but also an evaluation of mediating variables.
Further, changes as a result of an intervention should be
associated with changes in outcome variables and potential
confounders (eg, gender and ethnicity) should also be assessed
for their role in influencing the relationship between the
mediating variables and the target behavior.

In the present review, only half of the studies reviewed
developed their interventions based on health behavior change
theories. We found that 4 theory-based interventions measured
a behavioral variable (PA level) as the outcome and that only
2 studies[43,46] explicitly described how the desired outcomes
were manipulated by the intervention components. None have
measured changes in the theoretical constructs as the outcome
variables. Although a few studies [42,43,47] analyzed the
confounders (ie, season, baseline PA level, and gender) that
serve as moderators for intervention effects, it was still difficult
to determine the underlying mechanism that drives an
intervention’s success and failure [55,56]. These findings
reinforce the need to strengthen theoretical foundationsin future
studies.

Inall, 7 studies [41-45,47,48] compared the effects of the ICT
groups with either non-ICT or no treatment control groups.
Also, 6 studies showed that ICT groups were either as effective
as (n = 3) [42,45,48] or superior to (n = 3) [41,43,47] non-ICT
groups. However, it isinconclusive whether ICT is equivalent
or superior to other delivery approaches (ie, face-to-face). The
problem with existing research isthat the majority of the studies
employed both ICT and face-to-face modes. In addition, these
studies did not include a comparable control group. When
analyzing the intervention characteristics of the ICT group and
the non-ICT control group, the contact frequency of the two
groups varied. For instance, Fanklin et a [41] and Lubanset al
[43] employed ICT to provide tail ored feedback to participants
in the ICT group, but it was not offered to the non-ICT control
group. Shapiro et al [48] gave tailored feedback to participants
in both the ICT group and non-ICT control group, but the
contact frequency inthe I CT group (once per day) wasfar more
frequent than in the non-ICT control group (once per week).
Despite the fact that the impact of varied contact frequency on
intervention efficacy was unclear, existing evidence [36]
supported the notion that higher contact frequency was
associated with enhanced efficacy. Although these studies
reported significant between-group differencesfavoring the ICT
group, it is difficult to determine whether the surplus effectsin
the ICT group were a result of the use of ICT or increased
contact frequency. Nonetheless, the findings provide evidence
supporting the effectiveness of ICT in PA interventions for
children and adolescents, especially when used along with other
delivery approaches.

In al, 3 studies [41,43,47] demonstrated significant
between-group differences and large effect sizes, which are
obviously larger than in the remaining studies. Attempts were
made to examine whether any specific intervention

http://www.jmir.org/2011/3/e48/
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characteristics contributed to larger effect sizes. We found that
| CT-based interventionsthat were grounded in behavior change
theory and utilized an investigator-initiation strategy were more
likely to show more significant between-group differences and
larger effect sizes than those did not (See Table 1).

Thereis extensive prior evidence suggesting that use of theory
has a beneficial effect on interventions [26,55-57]. The
mechanism that explained this evidence was that behavior
change theories could inform researchers of the most influential
mediating variables of the target behavior [58]. Through
intervening on these influential mediating variables, people
would bemorelikely toinitiate behavior change. Inthisreview,
efforts were made to examine whether improved efficacy was
associated with the use of a specific behavior change theory.
Dueto the small number of theory-based interventions and the
heterogeneity of study designs, direct comparisons examining
the effects across different behavior change theories on
intervention efficacy could not be performed. Again, thisfinding
indicates the importance of using a theoretical framework to
facilitate an intervention’s success and designing experimental
studies that compare the effects of different behavior change
theories on intervention efficacy.

It is important to note that 1CT-based interventions that used
behavior change theory aong with the adoption of
investigator-initiated strategies  showed significant
between-group difference and larger effect size when compared
with a non-ICT control group. A possible reason for the
improved efficacy isthat the investigator-initiation strategy uses
a “pushed” approach [59], where automatic and specific
materials (ie, Web hyperlinks and personalized feedback) are
directly addressed to participant’s personal email or SMS. This
can save participants the cognitive effort it takes to plan when,
where, what, and how to prevent time conflicts with other daily
tasks before using ICT to access the materials. All the
participants have to do is to check their email and use their
mobile phone in a typical fashion. This makes 1CT-based
interventions more compatible with a participant’s existing
practice and lifestyle. According to the diffusion of innovation
theory [60], increased compatibility of an intervention could
enhancethelikelihood that children and adol escentswould read
the materialsand adhere to the interventions. Consequently, the
initiation of behavior change could be more likely to happen
[61]. However, the present review could not confirm the effect
of ICT initiation strategy on intervention exposure and
adherence rate since these data were not available in most of
the included studies. Clearly, more studies are needed to
investigate theimpact of ICT initiation strategy on intervention
exposure rate, adherence rate, and efficacy.

With respect to methodological quality, two-thirds of the
included studies were classified as having good methodol ogical
quality. Most of the studies failed to report the allocation
concea ment and blinding of outcome assessments. Appropriate
allocation concealment is important to avoid selection and
confounding bias[62,63] while blinding of outcome assessment
can lower therisk of exaggerating treatment effectiveness[64].
Absence of the above information will prevent us from
appraising the risk of bias. Without understanding the risk of
bias, we should remain cautious about the positive effects of
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| CT-based interventions [62,65]. Another shortcoming to this
body of research is that very few studies (n = 2) conducted
long-term follow up. As the development of a PA habit is a
life-long task and maintenance of a new adopted behavior may
require at least 6 months [66], interventions with a long-term
follow-up period (> 6 months) may better allow usto assessthe
effects of |CT-based PA interventions.

There are two methodological issuesrelated to the intervention
exposure rate. First, there was improper reporting of the
intervention exposure rate. In the present review, only 2 studies
reported both exposure frequency and exposure duration.
Second, there was an unclear description of the measurements
used to assessintervention exposure rate. Williamson et al [49]
was the only research group that employed objective
measurements, and theirs was also the only study that defined
intervention exposure rate and described how to measure it.
Without an objective measure, the risk of response bias may
increase [67]. These methodological issues have prevented us
from estimating the extent to which the prescribed intervention
dosage was received by the participants. If the dosage received
by participants could not be estimated, it is hard to determine
whether improvementsin the measured outcomeswere an effect
of the interventions or other factors. Using Lubans et al [43] as
an example, participant’s exposure to the social support email
was low, but they still observed significant and positive results.
It is possible that the positive effects were influenced by the
face-to-face sports program. In addition, Crutzen and colleagues
[68] suggested that intervention exposure rate may reflect the
salience of intention of behavior change, which varied during
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different time periodsthroughout theintervention. It isimportant
for researchers to understand participants’ behavior change
patterns so necessary adjustments can be made. These findings
indicate the need for adopting objective and valid instruments
to measure intervention exposure rates. It is also important for
future studies to report these data when presenting results.

Conclusion

The present review provides evidence supporting the positive
effectsof ICTsin PA interventionsfor children and adol escents,
especialy when used with other delivery approaches (ie,
face-to-face). Because ICT delivery approaches are often mixed
with other approaches and these studies sometimes lack a
comparable control group, additional research is needed to
establish the true independent effects of ICT asan intervention
delivery mode. Nevertheless, this review has found that
combining the use of behavior change theory and
investigator-initiated strategies could be associated with
enhanced intervention efficacy and larger effect sizes. However,
more studies are needed prior to reaching solid conclusions.
Although two-thirds of the studies demonstrated satisfactory
methodological quality, several quality criteria still have room
for improvement (eg, providing clear descriptions of allocation
concealment, blinding of outcome assessment, and intervention
exposure rate). Furthermore, researchers should also consider
intervening for a longer duration and employing objective
instrumentsfor assessing intervention exposure rate. Dueto the
small number of studies that met the inclusion criteria,
researchers should be cautious when interpreting the findings
of the present review.
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Abstract

Background: Inthe past decade, the use of technol ogies to persuade, motivate, and activate individuals' health behavior change
has been a quickly expanding field of research. The use of the Web for delivering interventions has been especially relevant.
Current research tends to reveal little about the persuasive features and mechanisms embedded in Web-based interventions
targeting health behavior change.

Objectives: The purpose of this systematic review was to extract and analyze persuasive system features in Web-based
interventions for substance use by applying the persuasive systems design (PSD) model. In more detail, the main objective was
to provide an overview of the persuasive features within current Web-based interventions for substance use.

Methods: We conducted el ectronic literature searchesin various databases to identify randomized controlled trials of Web-based
interventions for substance use published January 1, 2004, through December 31, 2009, in English. We extracted and analyzed
persuasive system features of the included Web-based interventions using interpretive categorization.

Results: The primary task support components were utilized and reported relatively widely in the reviewed studies. Reduction,
self-monitoring, simulation, and personalization seem to be the most used features to support accomplishing user’s primary task.
Thisisan encouraging finding since reduction and self-monitoring can be considered key elements for supporting usersto carry
out their primary tasks. The utilization of tailoring was at a surprisingly low level. The lack of tailoring may imply that the
interventions are targeted for too broad an audience. L everaging reminders was the most common way to enhance the user-system
dialogue. Credibility issues are crucial in website engagement as users will bind with sites they perceive credible and navigate
away from those they do not find credible. Based on the textual descriptions of the interventions, we cautiously suggest that most
of them were credible. The prevalence of social support in the reviewed interventions was encouraging.

Conclusions: Understanding the persuasive elements of systems supporting behavior change isimportant. This may help users
to engage and keep motivated in their endeavors. Further research is needed to increase our understanding of how and under what
conditions specific persuasive features (either in isolation or collectively) lead to positive health outcomes in Web-based health
behavior change interventions across diverse health contexts and populations.

(J Med Internet Res 2011;13(3):e46) doi:10.2196/jmir.1559
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Introduction

In the past decade, the use of technologiesto persuade, motivate,
and activate individuals health behavior change has been a
quickly expanding field of research [1-13]. The use of the Web
(and related technol ogies) for delivering interventions has been
especialy relevant. Automated health behavior interventions
have the potential of high reach and low cost [14]. A recent
meta-analysis of 75 randomized controlled trials (RCTS)
provided support for their effectivenessin changing knowledge,
attitudes, and behavior in the health promotion area [15].

Thereis no consensus on the terminology used to designate the
activities conducted over the Internet for mental and physical
health purposes. According to Barak et a [16], a Web-based
intervention is “a primarily self-guided intervention program
that is executed by means of a prescriptive online program
operated through a website and used by consumers seeking
health- and mental health-related assistance.” Theintervention
initself isaimed at creating a positive change and/or improving
knowledge, awareness, or understanding by providing sound
health-related material to the user through an interactive
Web-based information system.

Considerablevariety existsin termsof types of program content,
interactivity, functionality, and level of multimedia of
Web-based interventions. In addition, intensity is a major
variable; some Web-based interventions are long-term,
automated, interactive, tailored, multicomponent programs
whereas others are brief online screening instruments with
tailored feedback. Finally, participant attrition and exposure
ratesmay vary widely (eg, [18,19]). Technological applications
integrating health information with online peer support, decision
support, and/or help with behavior change provides an
alternative for helping people to achieve better health [20].
However, relatively little is known of designing effective
Web-based interventions to support sustained behavior change
and improved well-being (eg, [4,21-25]).

The purpose of the present review was to extract and analyze
persuasive system features of the included Web-based alcohol
and smoking interventions use by applying the PSD model [26].
Suggestions for further research and development are provided
for this expanding field of research.

Per suasive Technology and Health Behavior Change

Research on persuasive technology has been introduced
relatively recently [27,28]. Brifiol and Petty [29] outline
persuasion asfollows:. “Inthetypical situation where persuasion
is possible, a person or a group of people (ie, the recipient)
receives anintervention (eg, a persuasive message) from another
individual or group (ie, the source) in a particular setting (ie,
the context).”

Persuasive systems may be defined as computerized software
or information systems designed to reinforce, change, or shape
attitudes or behaviors or both without using coercion or
deception [26]. Successful persuasion takes place when the
target of change (eg, attitudes or beliefs) is modified in the
desired direction [29].

http://www.jmir.org/2011/3/e46/
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Changing peopl €' sbehavior is at the heart of health promotion.
An individua’s behavior has a significant impact on, for
example, cancer and heart disease, which are common causes
of premature mortality. The Internet istransforming health care
[30] and can be seen as a prime candidate for the application of
key behavioral science theories and principles to promote
healthier behaviors. There are several advantages in
Internet-delivered interventions, for example, reducing cost and
increasing convenience for users, reduction of health service
costs, reduction of stigma and isolation of users, the need for
timely information, and increased user and supplier control of
theintervention [31-33]. Internet-based resources, in particul ar
the Web, have many of the characteristics necessary for
persuasive communication, and they may provide a channel
which integrates the positive attributes of interpersonal and
mass communication [34,35]. Web-based systems can give
immediate feedback and match the information with the
respondent'slevel of awareness, beliefs, and motivations at that
particular time [10]. Additionally, Web-based interventions
may overcome isolation of time, mobility, and geography. It
has to be noted that Web-based interventions still may be no
substitute for face-to-face contact [31,36].

Per suasive Technology: Designing Systems That Aim
at Behavior Change

Examples of persuasive technology can be found quite easily,
asthereare avariety of websites promoting healthier lifestyles.
One of the strongest domains of innovation for persuasive
technology in the near future will be preventive health care[37].
On a par with health behavior change, persuasive technology
has the potential for significant breakthroughsin many areas of
human well-being, such as education and environmental
conservation. Nevertheless, the use of persuasive technology
in the health arena is still in its infancy. While the fidd is
expanding, it is evident that more research is needed to better
determine how the persuasiveness of the systems affects users
intended behavior.

According to Fogg [38], attempts to create persuasive systems
often fail because many projects are too ambitious, being set
up for failure. For example, a design team might select a
challenging behavior as the target, for example, smoking
cessation, but without having ever before created such a
persuasive system, the success rate might be low. Zhang [39]
stated: "A large number of health information system projects
fail. Most of thesefailures are not due to flawed technology but
rather due to the lack of systematic considerations of human
and other nontechnology issues in the design and
implementation processes." Thus, designing systems that aim
at behavior change requires thorough understanding of the
problem domain and the underpinning theories and strategies
of persuasive systems design. Usually, aninterdisciplinary team
of professionals is also needed. The main decision points in
developing interventions include defining the primary goal of
the intervention, defining the target population, and selecting
the messages for the intervention [40].

Inthe present study, the persuasive systems design model (PSD)
[26] was applied as the framework for identifying various
persuasive techniques that have been incorporated into the
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Web-based substance use interventions. The PSD model
provides a recent and extensive conceptualization of
technology-mediated persuasion.

Methods

Identification of Studies

We conducted electronic literature searches in five databases
(Academic Search Premier [EBSCO Publishing, Herts,

Figure 1. Study identification process

Lehto & Oinas-Kukkonen

England], Cochrane Central Register of Controlled Trials, 1Sl
Web of Knowledge, Medline [Ovid], and Scopus) to identify
randomized controlled trials of Web-based interventions for
substance use published January 1, 2004, through December
31, 2009, in English.

Database searches Database searches
{ Smoking { Alcohol
277 excluded by 387 records 248 records 128 excluded by
abstract identified identified abstract
88 duplicates 120 abstracts 120 abstracts 76 duplicates
removed screened screensd removed
14 excluded for : : 39 excluded for
reasons (see 2 rublrja;rtlzlus 4 rggagnlzlcs reasons (see
Appendix 2) oAng pHne Appendix 1)
18 studies included 5 sfudies included

L

Total of 23 studies included in the review

The following terms were used in the database searches: (1)
online*, Internet*, web* and (2) intervention, self-help,
treatment, trial. To identify alcohol interventions we used the
following additional searchterms: drink*, alcohol* . For smoking
interventionswe utilized theterms. smoke*, smoking, cigarette,
tobacco, cessation. An asterisk (*) denotesawildcard. We also
screened the bibliographies of relevant articles, including
systematic reviews [4,8,10,13,17,41,42] and meta-analyses
[5-7,9] to identify potentialy relevant studies. The study
identification processis depicted in Figure 1.

Inclusion and Exclusion Criteria

Articleswereincluded if they: (1) focused on Web-based alcohol
or smoking (tobacco) interventions, (2) assessed behavioral
outcomesor program utilization, (3) were randomized controlled
trialsor quasi-experimental designs, and (4) were peer-reviewed
full research articles.

http://www.jmir.org/2011/3/e46/

RenderX

Follow-up studies that used data from the same cohort of
participants were excluded. Both Danaher et al [43] and
Severson et al [44] drew data from the same source, but they
wereincluded. Brief interventions (see [45, 46]) were excluded
because of their rather limited content. Moreover, brief
interventions have been commonly reported [47], even to the
extent that it was deemed appropriate to put more emphasis on
analyzing thelessfrequently reported, more complex Web-based
substance use interventions. According to Moyer [45], a
challenge in outlining the research literature on brief
interventionsisthe varying definitions used in different studies.
Following Babor’s [46] definition, we included the studies of
interventions providing more than three sessions and/or aiming
at more than 60 minutes of individual engagement with the
program. Furthermore, we excluded articles explicitly using the
term brief intervention in the title, abstract, or keywords. (See
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Multimedia Appendices 1 and 2 for excluded articles and
reasons these were excluded.)

Data Abstraction

In total, 23 studieswere included in the review and coded. The
methodological quality of the included studies was evaluated
by applying the CONSORT (Consolidated Standards of
Reporting Trials) 2010 checklist [48]. There were some concerns
with the quality of 4 studies [44,49-51], but they were till
included. Overall, the information presented in the selected
articleswasthoroughly examined and evaluated. Thefirst author
coded al theincluded articles using a predefined form (devised
by the authors) for evaluating persuasive systems. In addition,
the abstracted data included various study characteristics (see
Table 2). The resulting entries were checked and commented
on by the second author. Any disparities were resolved through
discussion.

Per suasive Systems Design (PSD) M odel

Information technology aways influences people’s attitudes
and behavior in one way or another [52,53]. Oinas-Kukkonen
and Harjumaa [26,52] have conceptualized a framework for
designing and evaluating persuasive systems, known as the
persuasive systems design (PSD) model. The PSD model builds
on multiple theoretical constructs, such as goal-setting theory
[54], elaboration likelihood model [55], and theory of reasoned
action/planned behavior [56]. The PSD mode is described in
full detail elsewhere [26].

Figure2. PSD Model (adapted from Oinas-Kukkonen and Harjumaa [26])

Lehto & Oinas-Kukkonen

Although the PSD model isyet relatively unknown, we consider
its use to be justified for this context. In our view, it isthe most
sophisticated persuasive design and eval uation method available.
Many of the principles in the PSD model have been adopted
and modified from the seminal work of Fogg [27]. We
acknowledge the existence of similar endeavors, such as
Ritterband’s behavior model for Internet interventions[22] and
Abraham and Michie's [24] taxonomy of behavior change
techniques used in interventions. Despite the similarities and
potential overlap, these approaches are quite different.

The PSD model presentsaway to analyze, design, and evaluate
the persuasion context and related techniques. Persuasion
context analysisincludes recognizing the intent, the event, and
the strategy for persuasion. Dey [57] defines context asfollows:
“Context isany information that can be used to characterize the
situation of an entity. An entity isa person, place, or object that
is considered relevant to the interaction between a user and an
application, including the user and applications themselves.”

In the PSD model [26], the categories for persuasive system
principles are primary task support (supporting the user’'s
primary task), dialogue support (supporting the interaction
between the user and the system), system credibility (the more
credible the system is, the more persuasive it is), and social
support (the system motivates users by leveraging social
influence).

PERSUASIVE DESIGN FEATURES
PERSUASION PRIMARY TASK DIALOGUE CREDIBILITY SOCIAL
CONTEXT SUPPORT SUPPORT SUPPORT SUPPORT
The Intent Reduction Praise Trustworthiness Social learning
Persuader Tunneling Rewards Expertise Social comparison
Change type Tailoring Reminders Surface credibility Normative
influence
The Event Personalization Suggestion Real world feel
= Social facilitation
Use context Self-monitoring Similarity Authority
U tont” Cooperation
sercontex Simulation Liking Third party
Technology context® endorsements Competition
Rehearsal Social role
Verifiability Recognition
The Strategy
Message
Route

 Problem domain dependent features

User dependent features e.g. goals, motivation, lifestyles, and others

¢ Technology dependent features

Theintent includesthe persuader and the target behavior change
type that the system isto causein the user. The persuader isthe

http://www.jmir.org/2011/3/e46/

initiator for the development of the system. The event contains
the use, user, and technology contexts.
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The use context refers to the problem domain dependent
features. The use context, in particular problem domain
dependent features, isrelevant to the persuasion event. The use
context can be determined by answering thefollowing questions
[58]: Who are the users as a group? What problem-domain
dependent features are to be addressed by the design? Who (or
what) elseis competing for attention in this space?

The user context refers to the individual users characteristics.
The user context includes, but is not limited to, users (patient,
research participant, consumer [22]) characteristics, goals,
abilities, and cultural factors. The user context can be clarified
by addressing thefollowing questions[58]: What is specific for
the users with regard to what they are to be persuaded of ? Why
is persuasion needed? What constrains their decision?

There is an obvious need for depicting the technology context
when describing a Web-based intervention. The technology
context refers to the features and requirements of the
technological platform and/or application.

The strategy in the PSD model emphasizes two elements,
namely the message and the route. The message refers to the
form and/or content selected to deliver the intended
transformation (eg, behavior or attitude change). The content
could be, for instance, statistical data about the health risks of

http://www.jmir.org/2011/3/e46/
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drinking, but the information could be presented to the user in
plain text, streaming video, or it could be embedded in agame.
Theroutefor persuasion can be direct, indirect, or both. A direct
approach provides one or afew solid and convincing arguments,
whereas an indirect route is based on a number of facts rather
than a single strong argument (compare central and peripheral
routes in ELM). Both routes may be in use simultaneously. A
system might represent rational arguments while employing
design patterns, which in themselves have been proven
persuasive. As an example, an avatar with a specific voice type
(angry vs soft spoken or malevsfemale) to present the message
might make the delivery of the content more persuasive for a
user; thus, userswould be persuaded through the design choices
made by the designer.

The persuasive desigh dimensions and principles are discussed
and exemplified below.

Results

Study Characteristics

The characteristics of theincluded studiesare presented in Table
1. Of the 23 articles, 16 targeted smoking, 5, problem drinking,
and 2, smokeless tobacco use.
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Table 1. Characteristics of the included studies

Lehto & Oinas-Kukkonen

Study Problem Primary Objective User Context Use and Technology Summary of Findings

Author Domain of the Study (Number of Participants) Context (Intervention)

(Year)

Aneta Smoking To determine whether an College smokersat the Uni- Onlinecollegelifemagazine The rate of 30-day absti-

(2008) online intervention with versity of Minnesota (517)  that provided personalized  nenceat week 30 washigher

[59] college smokers could in- smoking cessation messages  for the intervention com-
crease self-reported 30-day and peer email support (Re-  pared with the control
abstinence rates at the end aVv) group. (41% vs 23%, P <
of a2-semester intervention .001)

Bersaminet  Problem To assess whether a new Incoming college freshmen  Web-based college alcohol ~ Among freshmen who were

al (2007) drinking online acohol misusepre-  at anorthern California education course (College  regular drinkers before col-

[60] vention courseismoreeffec-  public university (622) Alc) lege, College Alc reduced

Brendryenet Smoking
al (2008)
(61]

Brendryenet Smoking
al (2008)

tive at reducing acohol use
and related consequences
among drinkers and non-
drinkers

To assessthelong-term effi-
cacy of afully automated
digital multimedia smoking
cessation intervention

To assessthelong-term effi-
cacy of afully automated

Peoplewilling to quit smok-
ing, aged 18 years or older,
smoked 10 or more
cigarettes daily, and had ac-
cess to the Internet, email
and acell phone on adaily
basis (290)

Peoplewilling to quit smok-
ing, aged 18 years or older,

Fully automated, digital
smoking cessation interven-
tion including Web pages,
SMS, interactive voice re-
sponse, emails (Happy End-
ing)

Fully automated, digital
smoking cessation interven-

the frequency of heavy
drinking (d =0.15), drunken-
ness (d =0.09), and negative
alcohol-related conse-
guences (d = 0.18). Fresh-
men who did not report any
past 30-day acohol use be-
forecollege, CollegeAlcdid
not experience any benefi-
cid effects.

Participantsin the treatment
group reported clinically and
statistically significantly
higher repeated point absti-
nence rates than control par-
ticipants. (20% treatment vs
7% control, oddsratio [OR]
= 3.43, 95% confidence in-
terval [Cl] =1.60- 7.34, P
=.002)

Participantsin the treatment
group reported clinically and

[62] digital multimedia smoking smoked 10 or more tionincluding Web pages,  statistically significantly
cessation intervention cigarettesdaily and had ac- SMS, interactive voicere-  higher repeated point absti-
cessto the Internet, email,  sponse, emails(Happy End- nenceratesthan control par-
and acell phoneonadaly ing) ticipants. (22.3% treatment
basis (396) vs 13.1% control; OR =
191, 95%Cl 1.12- 3.26, P
=.02)
Bullereta  Smoking To reduce smoking by chil- ~ Sixth to ninth gradersfrom  Tailored, Web-delivered No statistically significant
(2008) [63] drenin grades 6 through9  Australiaand the United smoking prevention program  differences between groups
by convincing those who States (2077) for adolescents (Consider ~ were found
had not smoked not to start This)
and persuading those who
had already tried smoking to
stop
Danaher et  Smokeless  To define participant expo-  Recruited smokelesstobacco  Web-based smokelesstobac-  Participantsin the enhanced
a (2006) tobacco use  sure measuresto a Web- users (2523) CO cessation intervention condition made more visits
[43] based program for smoke- (ChewFree.com, enhanced) and spent moretime access-
less tobacco cessation ing their assigned website
than did participants as-
signed to the basic condition
website.
Escoffery et Smoking To develop and conducta  College smokers (70) Web-based smoking cessa=  No statistically significant
al (2004) process evaluation of a tion program for college differences between groups
[51] Web-based smoking cessa- smokers (Kick It!)

tion intervention for college
smokers
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Study Problem Primary Objective User Context Use and Technology Summary of Findings
Author Domain of the Study (Number of Participants) Context (Intervention)
(Year)
Etter (2005) Smoking To compare the efficacy of  College smokers (11,969)  Web-based, computer-tai-  Statistically significant dif-
[64] two Internet-based, comput- lored smoking cessation ferencesin quit ratesin
er-tailored smoking cessa- (Stop-tabac.ch) smokers in the contempla-
tion programs tion stage favoring the origi-
nal program. (OR = 1.54,
95% Cl =1.18-2.02, P =
.002)
Finfgeld- Problem To evaluate the effective- Adult women with problem  Web-based, self-guided No statistically significant
Connett and  drinking ness of aWeb-based, self-  drinking habitsliving in treatment program for prob-  results
Madsen guided treatment program  Missouri counties (44) lem drinking (intervention
(2008) [49] for women with problem name not reported)
drinking habits who livein
rural areas of Missouri
Hestereta  Drinking To evaluate the effective- Heavy drinkers (84) whore-  Internet-based program and At 3-month follow-up both
(2009) [65] moderation  nessof aWeb-based moder-  sponded to a newspaper re-  use of the online resources  groupssignificantly reduced
ation training cruitment ad (Albuquerque, of Moderation Management their drinking. Both groups
New Mexico) (MM) also significantly reduced
Alcohol Use Disorders their alcohol-related prob-
Identification Test (AUDIT) lems. Relativeto the control,
scores >7; Drinking >10 the experimental group had
standard drinks per week; better out_comes on percent
not currently abstaining; in- days abstinent.
terest in moderating their
consumption; aged 21 or
older; Internet access at
home
Japuntichet  Smoking To evaluate the impact of Smokers (at least 18 years  Web-based smoking cessa=  No statistically significant
a (2006) theprogramin an efficacy  old) motivated to quit tion and relapse prevention  differences between groups
[50] evaluation context smoking, 134 participants  intervention (CHESS SCRP)
were recruited in aresearch
center in Milwaukee, Wis-
consin; 150 participated in
aresearch center in Madi-
son, Wisconsin (284)
Matano et al Problem To pilot test aninteractive  Employees of awork sitein  Interactive Web-based inter-  The sample size was inade-
(2007) [66]  drinking Web-based intervention for  the Silicon Valley region of  vention for reducing alcohol quate for evaluating treat-
reducing alcohol consump-  Cadlifornia, categorizedas ~ consumption (CopingMat-  ment effects on drinking
tion low or moderaterisk for al-  ters) [66].
cohol problems (145)
McKay etal  Smoking To describe the 6-month Smokersat least 18 yearsof  Web-based tailored smoking  No between-condition differ-
(2008) [67] follow-upresultsof an RCT  age interested in quitting cessation (Quit Smoking encesin smoking abstinence
where participants were within the next 30 days, Network; QSN) were found at 3- and 6-
randomly assigned to either  willing to engage in moder- month follow-up assess-
aWeb-based smoking cessa-  ate physical activity, access ments.
tion program or a Web- to the Internet (2318)
based exercise enhancement
program
Mufiozeta  Smoking To compare a standard English- or Spanish-speak- Web-based intervention ITEMsincreased the effec-
(2006) [68] smoking cessationinterven-  ing smokers; = 18 yearsold, providing standard cessation  tivenessof the Guia. Howev-

tion to the same guide plus
amood management inter-
vention

smoking = 5 cigarettes/day,
using email at least once
weekly and intending to quit
in the next month; recruited
from general population in
USA (568)

information, tailored advice;
individually timed education-
a messages (I TEMs); online
mood management (MM)
course (Guia)

er, MM reduced quit rates,
at times significantly so.
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Study Problem Primary Objective User Context Use and Technology Summary of Findings
Author Domain of the Study (Number of Participants) Context (Intervention)
(Year)

Mufiozetal  Smoking
(2009) [69]

To examine abstinencerates
of an Internet smoking cessa-
tion intervention and
whether providing additional
elementsto a static Internet
stop-smoking guideincreas-
esthem

Spanish- and English-
speaking participants
(worldwide) were recruited
using online campaigns,

> 18 yearsold, smoking = 5
cigarettes/day, using email
at least once weekly and in-
tending to quit in the next
month (1000)

Condition 1 was the “Gui“a
ParaDejar de Fumar,” a
static National Cancer Insti-
tute evidence-based stop
smoking guide; Condition 2
consisted of Condition 1
plus ITEMs; Condition 3
consisted of Condition 2
plus MM; and Condition 4
consisted of Condition 3
plusa*“virtual group” (an
asynchronous bulletin
board)

No significant differences
among the four conditions
were found.

Pattenetal  Smoking To test the efficacy of a Adolescent smokersaged ~ Web-based smoking cessa=  No statistically significant
(2006) home-based, Internet-deliv- 11-18 years (139) tion intervention tailored to  differences between groups
[70] ered treatment for adoles- adol escents (Stomp Out were found.

cent smoking cessation Smokes; SOS)
Riper et a Problem To determine the effective- ~ Adult Dutch problem Web-based self-help inter- At follow-up, 17.2% of the
(2007) [71]  drinking ness of aself-helpinterven-  drinkers (261) vention (Drink Less) intervention group partici-

tion for adult problem
drinkers

pants had reduced their
drinking within the guide-
line norms; in the control
group thiswas 5.4% (OR =
3.66,95% Cl =1.3-10.8, P
=.006, number needed to
treat [NNT] = 8.5). Theinter-
vention subjects decreased
their mean weekly alcohol
consumption significantly
more than control subjects,
with adifference of 12.0
standardized units (95% CI
5.9-18.1, P<.001, stan-
dardized mean difference
0.40).

Seversonet  Smokeless  Totesttheimpact of aninter-  Recruited smokelesstobacco  Interactive, tailored Web- Participantsin the enhanced
a (2008) tobaccouse  active, tailored Web-based  users (2523) based intervention condition quit at significant-
[44] intervention versus amore (ChewFree.com, enhanced) |y higher rates (vs basic

Stoddard et  Smoking
al (2008)
[72]

linear, text-based website

To determine the use and
satisfaction with two ver-
sionsof asmoking cessation
website, one of whichinclud-
ed an asynchronous bulletin
board

Adult federal employees or
contractors to the federal
government who responded
to an email and indicated a
willingness to quit smoking
in 30 days (1375)

Smoking cessation website
(Smokefree.gov, added bul-
letin board)

condition). Abstinence was
40.6% in the enhanced con-
dition vs 21.2% in the basic
condition (P < .001). Using
intent-to-treat analysis, quit
rates were 12.6% vs 7.9%
(P <.001)

No statistically significant
differences between groups
were found.(Time spent on
thewebsitewas significantly
longer for the intervention
subjects than for the control
subjects.)

hittp:/Awww.j mir.org/2011/3/e46/ JMed Internet Res 2011 | vol. 13 | iss. 3 [e46 | p.69

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Lehto & Oinas-Kukkonen

Study Problem Primary Objective User Context Use and Technology Summary of Findings
Author Domain of the Study (Number of Participants) Context (Intervention)

(Year)

Strecheretal  Smoking To assess the efficacy of Smokersin the United Web-based tailored behav-  Continuous abstinence rates

(2005) [73]

Strecheretal  Smoking
(2008) [74]

Swartzetal Smoking
(2006) [75]

Woodruff et Smoking
al (2007)
[76]

Web-based tailored behav-

ioral smoking cessation pro-
gram among nicotine patch
users

To determine (1) whether
engagement in aWeb-based
smoking cessation interven-
tion predicts 6-month absti-
nence, (2) whether certain
groups are more likely to
havelower engagement, and
(3) whether particular pro-
gram components influence
engagement

To test the short-term effica
cy of an automated behav-
ioral intervention for smok-
ing cessation delivered via
awebsite

To test an innovative ap-
proach to smoking cessation
that might be particularly
attractive to adolescent
smokers

Kingdom and Republic of
Ireland who purchased a
certain patch and connected
to awebsite (3971)

Smokers, participants from
two large health mainte-
nance organizations (1866)

18 years or older, smoking
cigarettes on adaily basis,
considering quitting smok-
ing in the next 30 days, and
being able to access the
website. (351)

Adolescent smokersin high
school (136)

ioral smoking cessation (CQ
Plan)

Web-based program for
smoking cessation and re-
lapse prevention (interven-
tion name not reported)

Video-based website (1-2-3-
Smokefree)

Web-based counseling pro-
gram, virtual world chat
room for adolescent smok-
ing cessation (Breathing
Room)

at 6 weekswere 29.0%in
the tailored condition vs
23.9% in the nontailored
condition (OR=1.30, P <
.001), at 12 weeks continu-
ous abstinence rates were
22.8% versus 18.1%, respec-
tively (OR=1.34, P<.001)
(Satisfaction with the pro-
gram was significantly
higher inthetailored thanin
the nontailored condition)

Thetotal number of Web
sections opened was related
to subsequent smoking ces-
sation. More personalized
source and high-depth tai-
lored self-efficacy compo-
nents were related to a
greater number of Web sec-
tions opened.

At 90 days, the cessation
ratewas 24.1% for treatment
group versus 8.2% for the
control group (P =.002).
Using an intent-to-treat
model, 12.3% of the treat-
ment group were abstinent
versus 5.0% in the control
group (P =.015)

At the immediate postinter-
vention assessment, interven-
tion group participantswere
significantly more likely to
report that they had ab-
stained from smoking during
the past week (P < .01),
smoked fewer daysin the
past week (P < .001),
smoked fewer cigarettesin
the past week (P <.01), and
considered themselves for-
mer smokers (P < .05).

At al-year follow-up assess-
ment, only the number of
times quit was statistically
significant (P < .05).

Per suasion Context: The Intent

Change Type

Persuader

All of the articles stated a primary objective of the study (see
Table 2), thus revealing a motive to persuade the users of the
system. Most commonly, the Web-based interventions seemed
to have been established by relatively small teams of people
with varying expertise and background.

http://www.jmir.org/2011/3/e46/

In 8 of the articles, the intended change type was explicated.
There were examples of reporting the intended change typein
asimple and clear manner. For example,

“The self-help program proceeds in four successive stages: (1)
preparing for action; (2) goal setting; (3) behaviora change;
and (4) maintenance of gains and relapse prevention” [71];
“Participants were reassessed after 90 days for their alcohol
consumption to assess changesin their drinking behavior” [66];
and “The QSN condition provided smoking cessation
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information and behavior change strategies while the Active
Lives condition provided participants with physical activity
recommendations and goal setting” [67].

Persuasion Context: The Event

Use Context

Our findings confirm the claim put forward by Griffiths and
colleagues[31], who stated as aresult of their systematic review
that a number of studies gave no reason for using the Internet
as the mode of delivery other than stating that the software
application exists and needsto be evaluated. None of the articles
reported the use context, for example, user groups,
problem-domain dependent features, and attention drawers in
detail. A high abstraction level in system descriptions makes it
difficult to grasp what kind of interaction, and under what
circumstances, really takes place through the system and to
what extent the potential outcome realy is due to the
intervention.

User Context

The user context refersto characteristics of the individual user.
All articlesreported the user context to some extent. The authors
of published articles may possess detailed information about
users and their individual characteristics, but for some reason
it does not seem to be clearly reflected in the dissemination.

Technology Context

The interventions included in the review were Web-based, and
al of them aimed at persuading the users in some way. The
majority of the research articles (14 out of 23) presented the
technology context concisely. Screenshots are worthwhile, even
though they do not reveal the backbone of the system, the
information architecture, or the flow between parts of the system
and its content. Escoffery et a [51] reported a brief flowchart
of the development and eval uation process of the intervention,
and Swartz et al [75] presented an overview flowchart of the
intervention program. In our opinion, these types of charts are
beneficial in helping readers to understand what actually takes
place (and when) through the interventions.

Persuasion Context: The Strategy

Route

All of the reviewed studies seemed to rely on indirect routes
for persuasion. However, due to the limited descriptions of the
route utilized, it was not possible to confirm this fully. Of the
studiesreviewed, 14 reveal ed the underlying theories or methods
behind the intervention to some extent. The most common
theories were social cognitive theory (in 5 studies) and stages
of change (in 4 studies), whilein 5 of the studiesthe application
of cognitive-behavioral methods was reported.

Message

One of the key decision points in developing interventions is
the selection of messages for the intervention [40]. According
to Ritterband et al [22], the message focuses on the source and
style of the content, and it providesimportant information about
who created the content and how it was presented for the users.
These are hypothesized to impact user engagement and other
mechanisms of change, including the acquisition of knowledge

http://www.jmir.org/2011/3/e46/

Lehto & Oinas-Kukkonen

and motivation. In the PSD model, the source is called the
persuader. All of the reviewed articles described the message
at least partially.

Persuasive Features. Primary Task Support

The functionalities in the primary task category support the
carrying out of the user’s primary task. Persuasion techniques
in this category [26] include reduction, tunneling, tailoring,
personalization, self-monitoring, simulation, and rehearsal
(compare Fogg [27]). Thesewerereported relatively well inthe
reviewed studies.

Reduction

All of the reviewed articles described functionality countable
asreduction, that is, the system reduces complex behavior into
simple tasks helping users to perform the target behavior. This
is important because a system that guides users through a
process or experience provides opportunities to persuade along
theway. For instance, in spite of the alcohol treatment program
described in Finfgeld-Connett and Madsen [49], being complex
(consisting of 8 reference modules and 15 decision-making
modules) its use seemed to have been made easy for the
end-users. For another instance, Swartz et al [75] described the
modular structure of the intervention as “ benefits of stopping
smoking, overcoming common barriers to cessation, strategies
for avoiding situations that prompt cravings, strategies for
dealing with cravings, and setting a quit date.”

Self-monitoring

A system keeping track of the user’s performance or status
supports achieving one's goals. Not surprisingly, this type of
self-monitoring functionality was found in al of the included
articles. For example, the system described in Escoffery et al
[51] allowed participants to review their smoking by sending
immediate feedback forms and copies of the personalized
assessments to their email accounts. An et al [59] reported that
participants received aweekly email invitation to visit the study
website to report on heath and lifestyle habits for the prior
week, whereas Finfgeld-Connett and Madsen [49] described
decision-making modulesthat included daily acohol monitoring.
Brendryen et al [61] stated that amajor focusin their application
was to ensure that participants comprehended that
self-awareness, self-monitoring, active participation, and
engagement are essential elementsfor reaching personal goals.

Simulation

Enabling users to observe the link between the cause and its
effect isregarded as simulation. Simulations that educate users
about certain topics can leave alasting impact that transfersto
thereal world[77]. Inall, 14 interventionsfeatured at least some
sort of simulation. For instance, Stoddard et a [72] described
an interactive smoker’s risk tool simulating changesin the risk
of death due to smoking based on the smoker’s history and time
of quitting. In the Woodruff and colleagues[76] study, avirtual
pathology lab showed pictures of damaged organsand premature
aging, providing a scenario for discussing the short- and
long-term health effects of smoking.
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Personalization

A persuasive system may offer personalized content and services
for itsusers. In order for the content to be personalized, the user
has to disclose some persona information about herself, for
example, through registration or by creating a personal profile
[78]. The quality of Web personalization depends on how well
the content generated by the personalization agent matches the
preferences of the user in aparticular domain [79]. Features of
personalization were described in 13 articles. An et al [59]
reported that email message content was personalized by peer
coaches using information provided by participants during their
weekly visitsto the website. The enhanced websitein Severson
et al [44] included a guided, interactive program (“Personal
Quitting Assistant”) to help each user create an individual plan
for quitting smokeless tobacco and preventing relapse. The
intervention in Swartz et a [ 75] included creating a personalized
quit plan calendar with individualized tips.

Tailoring

Accordingto Rimer and Kreuter [80], studiesrelated to tailoring
should explore how and under what circumstances tailoring
works and how its effects may be optimized. Tailoring the
content to meet the potential needs, interests, personality, usage
context, and/or other factors relevant to a user group is likely
to increase the persuasiveness of the system. In all, 8 articles
described tailoring functionality embedded in the actual
interventions. For example, Strecher et al [73] reported that
information collected in the enrollment questionnaire of their
application was used to tailor the Web-based intervention
materials. McKay et al [67] described tailoring portions of the
program content to match each participant’s smoking statusin
their application. Theinterventionin Swartz et al [75] consisted
of 13 separate versionsor strands, including 12 demographically
targeted versions and 1 multicultural version, each with the
same basic structure and content. The tailored versions were
based on user’s sex, age, and ethnicity.

Tunneling

Tunneling may enhance the change process sincethe user isled
through a predetermined sequence of steps and receives the
most appropriate content, particularly at a proper time [43]. A
total of 4 articles described tunneling functionality. Buller et a
[63] reported that program progression was controlled in their
case by teachers. The current and previous modules were
available to students, but students could not progress forward
into subsequent modules until the teacher reveal ed the password
todo so. InMcKay et a [67], theintervention condition utilized
hybrid information architecture (see[81]) wherefirst-time users
were tunneled through a series of tailored pages in order to
introduce them to the key concepts and strategies of abehavioral
program for quitting smoking. Severson et al [44] reported that
in their “Planning to Quit” module users progressed linearly
through content addressing readiness to quit, reasons for
quitting, and level of dependence. In Hester et a [65], users
were able to go through the program’s modules sequentially,
or they could choose the most relevant modules for them.
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Rehearsal

Rehearsing a behavior can enable people to change their
attitudes or behavior in the real world. Only 1 article reported
this type of functionality; virtual locations (in the “Breathing
Room” virtual world) such as ateen dance club and afast food
restaurant provided settingsto discuss socia influenceto smoke
and relapse, and an amphitheater was available for additional
virtual meetings and discussions [76].

Per suasive Features: Dialogue Support

Dialogue support defines the key principlesin keeping the user
active and motivated in using the system and helping the user
to reach the intended behavior. The principles in the dialogue
support category are praise, rewards, reminders, suggestion,
similarity, liking, and social role. Surprisingly, dialogue support
was an underreported area in the reviewed papers.

Reminders

A persuasive system should remind users of their target behavior
during the use of the intervention. A recent systematic review
showed that the use of periodic prompts could be effective in
behavior change interventions [82]. Of the reviewed studies,
10 utilized these kinds of reminders. In Stoddard et a [72], all
participants received email reminders. During the first 2 weeks
of their study on smoking cessation, participants received four
email reminders unlessthey had previously expressed their wish
to discontinue their participation. Each email included advice
on quitting, a brief message encouraging use of theintervention,
as well as the time frame of the future follow-up assessments.
In Brendryen et al [61], if users did not log on to the program
or answer the log-off call, they received areminder call and up
to two reminder text messages. The reminders were fully
automated. Japuntich et a [50] described nonautomated
reminders; if participants went aweek without logging onto the
system, the staff telephoned them and reminded them to log in.

Social Role

A system adopting a socia role (eg, doctor or teacher) may be
more persuasive. None of the reported interventions seemed to
utilize social role per se. However, 9 of the articles described
ask-an-expert service, which is related to social role (but also
falls under expertise and authority in credibility support).

Suggestion

A system should provide the user with fitting suggestions at
proper moments during the system use. Thiskind of suggestion
was featured in 4 articles. In Japuntich et a [50], the program
suggested different articles or other services to the user based
on his or her responses to the check-in (eg, smokers reporting
depression were encouraged to use the cognitive behavioral
therapy service). At the start of each session, the program in
McKay et a [67] displayed online prompts recommending the
review of content that a participant had not yet explored. In
Stoddard et a [72], the program provided Did you know?
messages containing appropriate links and information. The
content of the program in Strecher [73] included suggestions
for coping with nicotine replacement therapy and encouraging
compliance.
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Similarity

Individuals are more readily persuaded through systems
resembling themselves in some meaningful way. For example,
a system aimed at teenagers should employ youthful phrases
and imagery. This principle is known as similarity (compare
social identity cues[78]), and it was found in 4 of the articles.
In Escoffery et al [51], college smokers provided ideas for
componentsto beincorporated into the Web-based intervention,
for example, graphical presentations of information, providing
only small amounts of text, sharing of stories/situations, quizzes,
and other interactive features. These were then taken into
account in the development of the program content. Similarity
was utilized in Bersamin et a [60] as four of the five unitsin
the program for college students (“College Alc”) included a
streaming video clip depicting college students in an
alcohol-related context. In addition, it utilized student-generated
harm-prevention plans.

Liking

An attractive system is likely to be more persuasive. This
principleis known asliking, and it was addressed in 3 articles.
Woodruff et a [76] stated that the primary goal of their
application was to test an innovative approach for smoking
cessation that might be particularly appealing to adolescent
smokers. In Buller et a [63], audio narration, graphics,
animation, sound effects, and music were utilized to create a
rich multimedia environment to stimulate user engagement. In
Escoffery et a [51], as a part of the formative research before
the development of the program, college smokers were asked
about their Internet usage and features that they liked to learn
about potential elementsto be added into the Web application.

Rewards

The system should reward the user for achieving self-set goals,
for example [54]. None of the articles reported this type of
automated functionality. An exampleimplementation could be,
for instance, that the user would be rewarded with a virtual
trophy upon completion of a certain task. However, Severson
et a [44] reported that their Saying Quit module provided
tailored information and behavioral strategies on eight major
topicsincluding Reward Yourself.

Praise
A system could praise users via words, images, symbols, or
sounds based on their behaviors. By offering praise, a system

can make users more open to persuasion. Quite surprisingly,
this technique was not featured in any of the reviewed studies.

Per suasive Features. Credibility Support

Credibility is a persuasive element (eg, [78,83,84]). Harris et
al [85] suggested that perhaps even seemingly superficial design
elements of a website can influence responses to health-risk
information. In their study, credibility cues affected the
engagement with the site and influenced subsequent health
behavior and cognition. According to Brifiol and Petty [29],
confidence in on€'s thoughts is likely to be undermined if the
received message is hot credible.
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The PSD model describes seven principlesfor supporting system
credibility: trustworthiness, expertise, surface credibility, real
world feel, authority, third party endor sements, and verifiability.
The analysis of these is more a continuum than a dichotomy.
For thisreason, explicit numbers and percentages are not given
here. However, based on the textual descriptions of the
interventions, we suggest that most of them incorporated—to
a notable degree—expertise (system provides information
demonstrating knowledge, experience, and competence),
verifiability (system provides means to verify the accuracy of
site content via outside sources), authority (System quotes an
authority, such asastatement or norms by an authoritative health
institute), and trustworthiness (system provides truthful, fair,
and unbiased information). Trustworthinessiscrucia in website
engagement as users will engage with sites they perceive
trustworthy and navigate away from those they mistrust [78].

Naturally, evaluating perceived credibility is more or less
subjective. People make initial assessments of the system
credibility based on a firsthand inspection. This principle is
called surface credibility. A persuasive system should provide
information of (and means to communicate with) the
organization and/or actual people behind its content and services.
This feature is called real-world feel. To fully evaluate both
surface credibility and real-world feel would require ahands-on
approach on the actual implemented interventions.

A persuasive system could aso provide endorsements from
respected and renowned sources, for example, arecommendation
by an authoritative health organization, an award for excellence
in usability, or aprivacy seal to ensure confidentiality. However,
none of the articlesreported utilizing third party endorsements.

Per suasive Features. Social Support

According to Uchino [86], social support may refer to the
aspects of the social network (groups or familial ties), specific
behaviors (eg, emotional or informational support), or our
perceived availability of support resources that may be shaped
early in life. In the PSD model, the social support category
describes how to design the system so that it motivates users
by leveraging socia influence. The model operates with the
following persuasion techniques. social learning, social
comparison, normative influence, social facilitation,
cooperation, compensation, and recognition.

The social learning principle means that individuals may be
more motivated to perform atarget behavior if they can observe
others performing the behavior while using the system. A closely
related principle is social comparison: users will be more
motivated to perform the target behavior if they can compare
their performance with the performance of others. Users are
also more likely to perform target behavior if they are able to
observe others performing the behavior or are being observed
by others. This principleis called social facilitation.

The most common means to providing social support were
asynchronous peer discussion forums and synchronous chat
rooms. A variety of other online social support features were
also utilized. For afull description of studies regarding social
learning, social comparison socia facilitation, and normative
influence, see Table 2.
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Table 2. Socia support in the Web-based interventions
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Study Author (Year) Social Learning, Normative Influence Other Support
Comparison and/or
Facilitation
An et a (2008) [59] No Not reported Email exchange with peer coach

Bersamin et al (2007) [60]

Brendyen et al (2008)
[61,62]

(Note: 2 articlesare combined here asthey
both study the Happy Ending system)

Buller et al (2008) [63]

Danaher et a (2006) [43]
Severson et a (2008) [44]
(Note: these articles are combined because

they study the same website with the same
participants)

Escoffery et al (2004) [51]

Etter (2005) [64]

Finfgeld-Connett and Madsen (2008) [49]

Hester et al (2009) [65]

Japuntich et a (2006) [50]

Matano et al (2007) [66]

McKay et al (2008) [67]
Mufioz et a (2006, 2009) [68,69]

Patten et al (2006) [70]

Riper et al (2008) [71]

Stoddard et a (2008) [72]

Strecher et a (2005) [73]
Strecher et a (2008) [74]
Swartz et al (2006) [75]
Woodruff et al (2007) [76]

Discussion forum

No

No

Peer-to-peer forum

Stage-matched dis-
cussion forums

Discussion forums,
chat rooms

Asynchronous bul-
letin board, syn-
chronous chat fea-
tured

Online mutual-help
support community

Discussion group,
chat room (trained
counselor available)

No

Peer-to-peer forum

Asynchronous bul-
letin board

Discussion support
group

Moderated peer-to-
peer discussion fo-
rum

Asynchronous bul-
letin board

No
No
No

Virtual world chat
room, virtual loca-
tions

Streaming video clips, College Alcohol Use
unit

Not reported

Prevention content focused on social influ-
ence and aimed, for example, to correct in-
exact perceptions of tobacco use norms

Testimonial videos

Shared personal stories area

Personal stories written by current and for-
mer smokers

Not reported

Not reported

The smoking-related topics included facts
about smokers, smoking, and cigarette
companies

Individualized feedback with normative
data

Not reported
Not reported

Videos of persona
stories

Streaming video (quitting
information and testimonials)

Not reported

Not reported
A section with a narrative success story
Personalized video segments

Topicscovered, for example, peer influence;
virtual locationsin “Breathing Room” virtu-
al world

Not reported

Pre-recorded audio messages for
relapse prevention, Interactive
Voice Response-based craving
helpline

Not reported

Ask-an-expert forum

Not reported

Not reported

Private messaging to the researcher
and other users

Online and face-to-face meetings

Ask-an-expert service

Not reported

Ask-an-expert forum

Mood management online course

Private email service with an expert

Not reported

Ask-an-expert forum

Behavioral support email messages
Not reported
Not reported

Smokers interacted with each other
as well as with the counselor

A system can apply normativeinfluence, in other words, positive
peer pressure to enhance the likelihood that an individual will

intentions.

adopt atarget behavior. Buller et al [63] and Matano et al [66]
reported that userswere working individually with the program
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In addition to the aforementioned ways for providing socia
support, a system can persuade users to adopt a target attitude
or behavior by leveraging human beings natural drive to
compete and cooperate. Competition was reported in 2 and
cooperation in 1 of the analyzed papers. In An et a [59], the
intervention site actively promoted a “Quit and Win” contest
and included links to the online sign-up for this contest. An
example of cooperation was found in Woodruff et al [76], as
the studentswereworking asagroup in the virtual environment.

By offering public recognition to an individual or a group, a
system can increase the likelihood that a person and/or group
will adopt a target behavior. Only 1 of the articles presented
functionality countable as recognition. In Woodruff et a [76]
amessage, “ Guero's[aperson’s name] been quit for amonth!”
was presented on billboards throughout the virtual world.

Discussion

Findings

Of the 23 articlesincluded in the review, 20 primarily measured
health behavior outcomes. Of these articles, 12 reported
statistically significant differences between groups. Overal, 3
articles assessed program utilization, and 2 of them reported
positive findings (see Table 1).

The primary task support components were reported relatively
widely in the reviewed studies. Reduction, self-monitoring,
simulation, and personalization seem to be the most used ways
to support accomplishing a user's primary task. This is an
encouraging finding because reduction and self-monitoring can
be considered asthe key elements of primary task support. The
utilization of tailoring was surprisingly low. Thelack of tailoring
may imply that the interventions are targeted for too broad an
audience. It would be reasonable to assume that different
approaches were needed for different kinds of user groups.
Elements of dialogue support were mostly underutilized in the
interventions. Leveraging reminders[82] wasthe most common
way to enhance the user-system dialogue.

Credibility issues are crucia in website engagement as users
will engage with sitesthey perceive credible and navigate away
from those they do not find credible. Based on the textual
descriptions of the interventions, we cautiously suggest that
most of them were relatively credible. Nevertheless, it seems
to be, as Danaher and Seeley [19] eloquently put it, that
“credibility isin the eye of the beholder.”

The prevalence of social support in the reviewed interventions
was encouraging (see Table 2). Social support provided by the
systemsisoften based on peer support. According to Eysenbach
[36], there is not yet very strong evidence for what type of
peer-based socia support the systemsreally should provide. In
their systematic review, Shahab and McEwen [17] argued that
while chat forums could potentially aid in stopping smoking
through the providing extra socia support, it still seemsto be
that entirely automated interventions are even more effective.
Bennett and Glasgow [14] claimed that there are no examples
of trial designs that would enable a systematic investigation of
the potential benefits of social networking. In this review, we
were not ableto confirm the effect of socia support components
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on health behavior outcomes. Thisismainly dueto thefact that
only 1 of theincluded articles[72] explicitly studied the effect
of adding a social component (virtual community) within the
intervention. Furthermore, many research and design issuesstill
need to be resolved about the type of online support, for
example, whether it should be expert-led versus user-driven,
moderated versus unmoderated, synchronous versus
asynchronous, or open access versus restricted access, among
other issues.

Applying the Per suasive Systems Design M odel

Evaluating the effectiveness of specific persuasive features
within Web-based interventions is difficult since the features
are not usually explicitly tested. According to Kypri and Lee
[87], the descriptions and analyses of how interventions are
devel oped are often absent from scientific literature due to space
constraints. However, we think that the presentation of detailed
information about the theoretical basis, functionality, content,
and structure of aWeb-based intervention helpsto interpret the
results and conduct evaluations as on a more finely grained
level. Ahern [88] points out that randomi zation to experimental
groups or conditions remains the gold standard for evaluating
intervention efficacy but may not provide the most relevant
information for dissemination. Furthermore, methodological
challenges and latent scientific foundations in researching
Internet-based interventions are acknowledged by many
researchers (eg, [19]). Glasgow [89] stated that the diversity in
content area, disciplinesinvolved, and publication outletsisthe
reason that the consistency in how I nternet-based sol utions have
been conceptualized, reported, and evaluated has been low.
Finally, the brevity of intervention descriptions makes it more
difficult to draw generalizable results (see [8,13]).

Due to these issues, the application of the PSD model turned
out to be relatively laborious. In the present review, we relied
on textual descriptions of the interventions, thus being able to
provide only a limited synthesis. Regardless of its wide
coverage, the PSD model is not an exhaustive list of persuasive
features, and also some of the features are overlapping (eg,
socia learning/comparison/facilitation and liking/similarity)
and thus rather difficult to analyze. New persuasion techniques
may also be identified in the future. The PSD model has been
built in such a manner that it may evolve, but even asit stands
now, it is an important asset for any health behavior change
system devel oper.

Limitations and Strengths of the Review

Analyzing persuasive design is a challenging task. When
conducting an analysis such as described in the present review,
potential bias lies in the interpretation of the articles.
Nevertheless, in extracting and categorizing persuasive features,
werigorously observed if the authors clearly stated the described
variables. Obviously, the articles did not necessarily follow the
very same terminology as found in the PSD Model. Thus, the
analysis was based on interpretive categorization.

This systematic review focused on randomized controlled trials,
thus  excluding potentially meritorious  studies.
(Quasi-experimental studies were not found in the search
process) A meta-analysis was not conducted due to the
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heterogeneity of the studies. Overall, there are already several
reviews on Web-based (or similar) interventions. To our
knowledge, the present review is the first systematic review to
address persuasive system featuresin Web-based interventions
for substance use.

Conclusion

In this review we examined the persuasive system features of
the included Web-based interventions. We think that this type
of novel approach is useful for current and future research for
recognizing what kind of tacticsin present systems have been
utilized to motivate people in achieving better health.

However, at this point, linking specific persuasive features to
outcomesis difficult, relying only on brief textual descriptions
of the interventions. Also, it is not possible to determine the
(perceived) credibility of a Web-based intervention based on
reading an article. We acknowledge that many studies have
examined, for example, the role of tailoring in health behavior
change interventions [10,11], but the persuasiveness of a

Lehto & Oinas-Kukkonen

particular component/application/system is a more complex
issue and has yet to be tackled in future endeavors.

We are not implying that the mere presence of persuasive
features is enough. The development of Web-based and other
similar interventions is a highly elaborate and a multifaceted
issue. Still, it is relevant to consider the technological aspects
since the Web and related technologies are being used as a
delivery channel. Atienza and colleagues [90] pertinently
remarked that “health information technology does not occur
in a vacuum, but rather technologies exist within social
systems.” In order for widespread adoption, dissemination, and
extended use of technology-enabled health behavior change
interventions to take place, it is necessary to investigate not
only how the interventions affect individuals, but also how
individual sinteract with technology and each other [90]. Further
research isalso warranted to increase our understanding of how
and under what circumstances specific persuasive features
(either in isolation or collectively) lead to positive health
outcomes in Web-based health behavior change interventions
across diverse contexts and populations.
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Abstract

Background: Asthe popularity of e-therapies grows, so too has the body of literature supporting their effectiveness. However,
these interventions are often plagued by high attrition rates and varying levels of user adherence. Understanding the role of
adherence may be crucial to understanding how program usage influences the effectiveness of e-therapy interventions.

Objective: The aim of this study wasto systematically review the e-therapy literature to (1) describe the methods used to assess
adherence and (2) evaluate the association of adherence with outcome of these interventions.

Methods: A systematic review of e-therapy interventions was conducted across disease states and behavioral targets. Datawere
collected on adherence measures, outcomes, and analyses exploring the relationship between adherence measures and outcomes.

Results: Of 69 studies that reported an adherence measure, only 33 (48%) examined the relationship between adherence and
outcomes. The number of logins was the most commonly reported measure of adherence, followed by the number of modules
completed. The heterogeneity of adherence and outcome measures limited analysis. However, logins appeared to be the measure
of adherence most consistently related to outcomes in physical health interventions, while module completion was found to be
most related to outcomes in psychological health interventions.

Conclusions:. Thereislarge variation in the reporting of adherence and the association of adherence with outcomes. A lack of
agreement about how best to measure adherence is likely to contribute to the variation in findings. Physical and psychological
outcomes seem influenced by different types of adherence. A composite measure encompassing time online, activity completion,
and active engagements with the intervention may be the best measure of adherence. Further research is required to establish a
consensus for measuring adherence and to understand the role of adherence in influencing outcomes.

(J Med I nternet Res 2011;13(3):€52) doi:10.2196/jmir.1772

KEYWORDS
Adherence; persistence; online therapy; e-therapy; systematic review

: both effective [1-3] and growing in popularity. Thisis supported
Introduction by thelevel of publicationsrelating to e-therapies: Medline and

The past two decades have seen a shift from traditional PsycINFO ci_tationsinthe subject group “onlinether_apy” rose
face-to-face consultations to technology-driven interventions from 12 citations between 1991 and 2000 to 709 citations from

or e-therapies. Recent reviews have shown that e-therapiesare 2001 to September 2010.
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A potential difficulty in evaluating these programsis adherence
(see [4]). Little is known about the degree to which users
engagement matches the usage pattern for which the websites
are designed. Also, little is known about the influence of
program adherence on outcomes. Within the medication
literature, adherence, “the extent to which a person’s behaviour
—taking medication, following adiet and/or executing lifestyle
changes, corresponds with agreed recommendations from a
health care provider” [5], and persistence, the act of adhering
to treatment recommendations for the prescribed duration of
time [6], are widely studied. These behavioral variables
significantly influence medical [5] and psychotherapy [7-9]
outcomes. In pharmaceutical trials, a dose-response curve is
often plotted to understand the optimal level of medication to
reach a desired response, and adherence is considered highly
influential within this. In e-therapy, adherence may be just as
important a consideration.

The eHealth equivalent of failing to persist with therapy is
treatment dropout. Treatment dropout refers to when a user
prematurely stops using the intervention. Some of these users
may remain in thetrial, completing thetrial assessments, while
others may chooseto leavethetrial. Those who chooseto leave
thetrial early are said to have discontinued and are reflected in
trial attrition rates. Such attrition can affect the ability of results
to begeneralized [10,11] and it underminesthe statistical power
of the trial. Many authors note that dropout rates are high,
particularly in open-accesstrials[12-14] wheretheintervention
is made available to the public with minimal or no cost. Entry
into these trialsis therefore open, with users being ableto join
at any time. Despite each user’s choice to engage with the site,
only a small proportion of users persist with the trial and
associated follow-ups. However, with some programs, these
figuresmay still be comparableto[15], or even lower than[16],
the dropout rates found in traditional face-to-face therapies.
Little is known about the impact of the degree of persistence
on outcome in those who complete trial ratings and outcomes.

While an appreciation of persistenceisimportant in evaluating
e-therapy, an understanding of adherence to the program content,
such asthe completion of program modules or online activities,
may be more so. Asthefield of e-therapy has been growing, so
has the interest in potentially modifiable user factors that may
influence adherence. Clearly, program content evolves from
empirically supported research, but only recently have the
exploration and manipulation of program factors become foci.
Program usability and feasibility testing isincreasingly common.
Recent findings have indicated that greater use of computer
relational skills, such asthe use of empathy and social dialogue
inthe computer program, leadsto increased program usage [17].
Many trials use pilots and usability studiesto ensure the program
functions as planned [18-22]. Severa authors have begun to
explore the impact of reminders and trial factors on dropout.
Clarke and colleagues’ [23] comparison of the Overcoming
Depression on the I nternet websites found that participantswere
more likely to use the program asrecommended if they received
reminders, and that thisincreased use was present regardless of
the type of reminder (telephone versus postcard) that they
received. Alternatively, Christensen et al [24] demonstrated that
weekly tracking and reminders reduced attrition in a cognitive
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behavior therapy e-therapy intervention for depression.
Christensen et al [25] also found that shorter cognitive behavior
therapy e-therapy interventions were not as effective as longer
interventions but that attrition rates were lower, potentially
indicating an important trade-off between acceptability and
effectiveness. It is thought that the variation in adherence and
persistence may be due to the participant’s discretion in using
e-therapy [26], rather than therapy that is prescribed, as in a
drugtrial [13]. Engagement in an e-therapy trial tendsto require
more physical, cognitive, and time investments by the
participant, compared to the rel ative ease of taking amedication
daily. This may explain why e-therapy users are more prone to
dropout and nonadherence.

E-therapy trials have an advantage over traditional trials when
measuring persistence and adherence, in that more objective
measures of intervention usage are readily available to
researchers. Objective measures of persistence include metrics
such as the number of times the participant accesses the
program, and adherence measuresinclude the time spent online,
number of completed activities, and patterns of usage. Subjective
measures, such as estimated time spent online, reporting on the
completion of behaviorally based homework activities, and use
of skills, can also be incorporated. Despite the relative ease of
capturing these data in online interventions, few studies report
these statistics. Merely reporting on adherence and dropout
provides limited insight about the impact of adherence on
program outcomes or the translation of program behaviorsinto
daily life. Even fewer studies examine the role of adherence on
outcomes. The few that do, by publishing only significant
results, may result in publication bias.

Recent studies have begun to address this through the
exploration of the relationship between program exposure and
outcomes [27-30]. Although more data can often be collected
in e-therapy trials, there is a need to consider what data are
collected, how they are collected, and how adherenceisdefined.
Itislikely that the influence of design, application, and logistics
of e-therapies on outcomes can become informed in the same
way medication dosing affects outcomes. For instance, single
daily dosing or polypills have been suggested as methods of
improving adherence and outcomes in medication treatments.

To inform this development, we conducted a systematic review
of the literature evaluating adherence in e-therapies. Within the
context of this review, adherence is defined as the degree to
which the user followed the program as it was designed. The
two aims were (1) to review the methods used to assess
adherence and (2) to eval uate the associ ation between adherence
measures and outcome.

Methods

Systematic Selection Criteria and Search Strategy

A systematic database search was used to identify articles
relevant to the aims of the review. Articles published up to and
including April 2010, as indexed by Medline, PsycINFO, and
the Cochrane Central Register of Controlled Trials databases,
wereincluded. Broad keyword search termswere used, favoring
sensitivity over specificity, given the relative youth of thefield.
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Search terms used were the keywords “Internet” OR “web”
combined with “therapy” OR “self-help” OR “intervention.”
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Following thisinitial search strategy, weidentified 8300 articles
(see Figure 1 for aflow diagram of article selection).

Figure 1. Flow diagram of the process of article selection for systematic review

Records identified through database searching
(8,300 results)

4

Total unique peer reviewed articles eligible for screening that were published
in the English language. using an adult population in a trial or empirical study
(616 results)

Studies examined for inclusion criteria
(Number of articles that reported adherence (74))
(Number of unique studies (69))

Number of studies that correlated adherence with outcomes
(Number of articles that measured adherence in relation to outcome (37))
(Number of unique studies (33))

The abstracts of the sel ected articleswere reviewed and sel ected
for inclusion by the first author using the following criteria.

Inclusion Criteria

An article was suitable for inclusion if it was published in a
peer-reviewed journal and the subjects of theintervention were
aged 18 years or older. The article also needed to consist of the
evaluation of a “self-help,” user-directed online intervention
where the Internet was the primary therapeutic delivery
modality. In addition, the intervention also required the user to
engage with the material on at least 2 occasionsin a structured
format (therefore, not a website with tools or information, but
requiring a progression through the program). When reporting
results, the study needed to report 1 or more adherence measures
(defined as a measure of program usage by the participant) as
well as the outcome of the intervention.

Exclusion Criteria

Articles that were not written in the English Language were
excluded. Design characteristics that led to exclusion were the
participant concurrently receiving a psychotherapeutic
intervention in addition to the intervention being studied, or
that the program involved synchronous communication as part
of the program (eg, online chat, teleconferencing, or
personalized therapeutic telephone contact from the therapist
during theintervention). These studieswere excluded to remove
the potentially confounding nature of instantaneous feedback,
extrinsic motivation, social desirability, and uncontrolled social
contact. Studies with telephone contact were included if the

http://www.jmir.org/2011/3/e52/

calls were reported to be scripted, described as nontherapeutic
in nature, and for the purpose of tracking participants.

Additionally, further studies were excluded because the
individual completing the program was not the individual
displaying the target behavior (eg, teachers of children with
behavioral issues, or parents of children with enuresis), the
program was not delivered over the Internet (eg, the program
was delivered by CD-ROM via a computer), or the program
was delivered at a specific location or time (eg, at a hospital
clinic or at a specific time each week), therefore requiring the
participant’s presence online at that time or place.

Coding of Study Characteristics

Key article characteristicswere recorded using adata extraction
template designed for thisreview. Key data captured for analysis
consisted of variables that would alow the articles to be
reviewed and factors thought to be important in adherence,
based on areview of the literature.

These factors consisted of study sample size; the study design,
including the nature of the control and intervention; the behavior
or state that was the target of the intervention; and adescription
of theintervention, itstherapeutic underpinnings, itsintervention
style, and its requirements from users.

In addition to the study characteristics, adherence data were
captured. These consisted of a measure of the degree to which
the individual engaged with the website as determined by
program logins, engagement in online activities, time spent
onsite, and the number of modules completed. Data were
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extracted for each adherence measure, including the type of
measure and data reported relating to this. Any statistical
analyses that examined the role of adherence in outcome were
also recorded during data extraction.

The data collected on adherence variables were aggregated and
evaluated for strength of association with outcome. Due to the
methodological challenges associated with Internet trials (eg,
high attrition rates), it was difficult to use awidely used rating
system. Given these challenges, an alternative rating system
was developed, informed by the Scottish Intercollegiate
Guidelines Network rating system [31]. Based on this system,
the strength of adherence measurerating was determined, using
a 5-category scale based on the consistency of findings from
this review (note that only 4 categories are reported here as no
measures met the criteria for the 5th category). Details of this
system can be found in the footnotes of the corresponding tables.

Results

We initially found a total of 8300 studies by using the above
combination of search terms. Once duplicates were removed,
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the articles were further limited to those that were published in
an English-language, peer-reviewed journal (n = 1095). The
remaining articles were systematicaly reviewed (by LD) to
ensure they met the inclusion criteria. This resulted in a total
of 74 articlesdescribing 69 individual studies. The heterogeneity
of adherence and outcome measures precluded a formal
meta-analysis.

Sample size varied significantly between the trials, ranging
between 20 and 3176 (median 146), with many of the
open-accesstrials having more participants (Table 1). Structured,
discrete-period clinical trialstended to have fewer participants.
This may be due to the seemingly more intensive researcher
input in the form of feedback provided by emails, monitoring
of activity completion, and moderation of activity, requiring
greater resourcing for smaller numbers of participants. Larger
trial stended to eval uate unstructured websites where participants
were able to use the website in whatever manner they pleased,
rather than using a structured preplanned program.

Mean study discontinuation rate was approximately 23% of all
trial participants (range 0%-83%). Studies of physical and
psychological target behaviors had similar attrition rates.

Table 1. Descriptive statistics for participant randomization sample size in studies that reported adherence included within systematic review (n = 69)

Descriptive statistic Total sample size (n)

Physical health sample size (n)

Psychological health sample size (n)

Median 146 190
Minimum 20 62
Maximum 3176 2523
First quartile 77 91
Third quartile 400 958
Total number of studies 69 29
Total number of participants 34,465 19,147

103

20
3176
56

272

40
15,318

M ethods Used to M easure Adherence

Adherence data that were captured varied across studies. This
included reporting the number of timesthe participant accessed
or logged into the program, completed modules or activities,
visits made to forums, posts made to the forum, and pages
viewed and printed, as well as self-reported completion of

http://www.jmir.org/2011/3/e52/

activities away from the program or offline. Despite the
commonality and functionality of being able to capture or
measure participant logins acrosstrials, only half (33/69) of the
studies presented these adherence data in relation to outcome
measures. See table 2 for a breakdown of ways in which
adherence was measured in the included studies.

JMed Internet Res 2011 | vol. 13 | iss. 3 [e52 | p.84
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Donkin et al

Table 2. Methods for measuring adherence to e-therapy as reported by included studies (n = 69)

Measure of adherence

Number of times reported

Loginsto program

Module completion

Time spent online

Completion of a predefined activity such or use of an online tool
Posts made

Pages viewed

Repliesto emails

Forum visits

Use of online tools

Self-reported completion of offline activities

Print requests made

36
31
18
16

B R R R O O ©

Of the 69 studies that reported measuring adherence, approximately half did so by measuring logins and/or completion of modules. Only a quarter of
the 69 included studies reported 1 or more of the other potential measures of adherence. The reporting of module completion was more common in

studies where the target behavior was psychological health or well-being (25/40, 63%) rather than physical health (6/29, 21%) (n = 69, le =119,P
<.001). Conversely, login reporting was more common in studies where the target behavior was related to physical health (23/29, 79%) rather than

psychological health (13/40, 33%) (n = 69, )(21 =14.8, P<.001).

Effect of Adherence on Outcomes

Of the 69 studiesincluded in the review, 33 (48%) analyzed the
impact of 1 or more measure of adherence on outcome variables.
Complete results of the review can be found in Multimedia
Appendix 1.

Logins

A total of 9 studies correlated logins as a measure of adherence
to outcomes. Using the previously described rating system,
logins were found to be positively associated with outcomein
studiestargeting food and vegetabl e consumption [32], physical
activity [33-37], and weight management [38-40]. Number of
logins was not found to be related to outcomes in studies
targeting depression [23,41].

Activities Completed

In 6 studies, activities compl eted were correl ated with outcomes.
The number of self-reported activities completed (eg, completing
adiary, engaging in online tests, or making forum posts) was
found to correlate with outcomesin interventions that targeted
cigarette smoking [42], weight management [39,40], and body
dissatisfaction [43,44]. In studies targeting physical activity
[33,34] or depression [45], the number of activities completed
was not found to correlate with outcomes.

Modules Completed

Completed moduleswere the most commonly reported measure
of adherence, and they correlated with outcomesin 16 studies.

http://www.jmir.org/2011/3/e52/

The number of modules completed was found to correlate with
outcomes in interventions that targeted cigarette smoking
[42,46,47], depression [45,48-51], and anxiety disorders[52-57].

Time Spent Online

The relationship between time spent online and outcomes was
correlated in 4 studies. Time spent online was not correlated to
outcomes in studies that targeted depression [58] and anxiety
[59], but was correlated to outcomes in studies of infertility
related distress [60] and body dissatisfaction [61].

Pages Opened

The number of pages opened was explored in 3 studies. The
number of pages opened was negatively correlated to outcome
in 1 study targeting depression [58] but positively related to
outcomesin 2 studies targeting body dissatisfaction [62,63].

Website Exposure

The relationship between website exposure and outcomes was
explored in 3 studies. Website exposure and program usage was
positively correlated with outcomes in interventions targeting
smokeless tobacco [64], depression [65], and physical activity
[66].

Table 3 summarizes adherence measures by intervention target,
reported by target behavior. (For a more in-depth table, please
see Multimedia Appendix 1.)
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Table 3. Summary of the strength of aggregated adherence measure data by target behaviora
Strength of adherence—outcome association (number of studies)
Target behavior Logins Activities Modules Time spent Pages opened Website exposure
completed completed online
Physical health
Fruit and yegetable 4+b (n=1)
consumption
Physical activity (=3 0°(n=1) (=1
Weight management ., d (n=2) 44 d (n=23)
Smoking 4+b (n=1) 4+b (n=4)
Smokeless tobacco =1
Psychological health
Depression 0°(n=2) 0°(n=1) +(n=7) ~(n=1) ~(n=1) (=1
Anxiety +d(n=#) 0°(n=1)
Body dissatisfaction =2 +(n=1) +2(n=2)
Fertility-related dis- £ (n=1)

tress

@ The number of studies that were aggregated to form the strength rating in the review is indicated in parentheses following the rating indicator (+ =
positive; — = negative; 0 = null). (For acomplete breakdown of the studies that contributed to the aggregate results see Multimedia Appendix 1.)

by study or mixed evidence with predominantly positive relationships found between adherence measures and outcome.

© No relationship found between adherence and outcome measures.

d At least 2 studies findi ng a positive correlation between increased adherence and outcome measures.
€ 1 study or mixed evidence with predominantly negative relationships found between adherence measures and outcome.

Discussion

Understanding adherence to e-therapies is important in
understanding how these therapies may benefit individualswho
need intervention. Theimpact of adherence on outcome appears
to vary. The review demonstrates that however it is measured,
adherence is associated positively when reported with
intervention outcomes targeting physical health. However, in
the most commonly targeted outcome of e-therapy, depression,
the number of logins, self-reported activities, time online, and
pages opened showed no such association. Only 2 measures of
adherence—the degree of completion of the moduleswithin the
program and a summative “website exposure” outcome—were
associated with better depression outcomes.

The association between the number of logins and outcomesin
e-therapies targeting physical health is similar to the positive
relationship observed between session attendance and outcome
in physical rehabilitation [67-70] and to the dose—+response curve
seen in medication therapy. Thisassociation may largely bedue
to the number of logins being representative of the participant’s
willingness to use the program through their return to the
website. The number of logins may be more indicative of
program usage than are self-reported activities completed or
forums posted. Thisis particularly the case in programs where
there is structured program use (therefore needing completion
of an activity or module prior to moving to another) but no time
restrictions placed on progression. In this style of program, a
participant may complete several modules or activities during
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asinglelogin. Therefore, the benefits received in completing a
module, processing it over a time period, and using its skills
before building on this with the next module may be lost.

For participants involved in trials targeting weight changes as
an outcome [38-40], all measures of adherence were correlated
with outcomes. Therefore, more adherent participants had a
higher level of weight loss. This is consistent with the current
literature, which shows that the more closely people follow
dietary plans, the better their outcomes [71]. In the case of
physical outcomes, one interpretation of the results could be
that adherence is a marker of an unmeasured factor such as
personality or self-efficacy that predisposes participants to a
better outcome. A more extreme interpretations is that the
content of the intervention isirrelevant; it is the application of
the participant to “something” that produces the outcomes.

The most common use of e-therapy istointervenein depression
and anxiety. However, measures of logins, self-reported activity
completions, and time online were not associated with
outcome—only evidence of actual module completion either
on its own or in the composite “program exposure” measure
appeared to berelated to outcome. This suggests amore nuanced
interpretation, in that a participant’sinteraction with the module
content leads to change, rather than improvement merely
reflecting a greater propensity to adhere. This reflects the
face-to-face literature, in that the structured psychotherapies,
with module (task) completion and review, are generally more
effective than supportive psychotherapy [72-74]. The lack of
association of many adherence measures with outcome might
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be explained by lack of power in these studies. This is
particularly supported by more consistent findings in physical
health interventions, which had a median sample size nearly
twicethat of psychological interventions. However, it isof note
that many psychological health studies did have large sample
sizes and, for some adherence measures, the results were not
null, but negative.

The definition of adherence and its consequent analysis also
varied considerably across studies. Several studies categorized
participants into adherent or not [49,54,57,75], or usage
categories such as low, medium, and high [60], while others
used continuous variables
[23,24,33-36,38-41,43-45,50-52,55,56,58,59,61,76] or a
combination of these [42,46,53,64-66,77]. Such variation is
likely to produce mixed findings. It is also worth noting that
several studies reported collecting multiple measures of
adherence but reported on the outcome of only a few selected
items. In many, it is unclear why some measures of adherence
were reported over others, though this may presumably reflect
areporting bias and may therefore inaccurately portray therole
of adherence. It is possible that unreported relationships may
be nonsignificant, but may aso have been useful in
understanding the important components of program
engagement and may build understanding of the
user-engagement factors of e-therapy.

The variation in measurement of adherence in online
interventions makes it difficult to accurately determine the
impact of adherence on outcome. Despite having several
seemingly objective measures such as number of logins, time
spent online, and activities compl eted, there are still difficulties
in determining the “dose” a participant receives. Specifically,
time spent online is likely to be influenced by factors such as
processing speed, cognitive ability, reading aptitude, and
familiarly with using computers, several of which are likely to
be influenced by psychological health. Likewise, a person who
is unfamiliar with using a computer may write out their
activities, rather than engage in the functionality presented in
the online environment. This needs to be explored further by
studies that randomly assign participants to receive different
doses of programs, such asthat by Christensen et al [25], which
explored exposure to modules against change in outcome
measures. Futureinterventionsthat intend to measure theimpact
of adherence on outcomes would benefit from clearly defining
their adherence variables and exploring all relationshi ps between
the potential adherence variables and outcomes. In addition to
this, measures of inactivity need to beincluded where temporal
measures are used. Therefore, when a measure of adherenceis
the amount of time spent online, there needs to be a time-out
function of need to engage readily with the program, to show
that itisbeing used. Thiswill allow the exclusion of individuals
who have left their computer on and who are no longer engaging
with the program material.

From this review, the mechanism of how adherence influences
Internet treatment outcomes is unclear. Medical studies have
shown that adherence is associated with better outcomes,
regardless of whether patients received placebo or active
interventions [78,79]. Within this review, it is unclear whether
adherent patients generally do better, regardless of condition.

http://www.jmir.org/2011/3/e52/
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It has been suggested that the mechanisms underlying a
generalized adherence effect may be similar to the mechanisms
that underlie the placebo effect [80], whereby the positive
outcomes achieved from taking a placebo are the result of
internalized beliefs about therapy, such as the expectations that
the individual holds or the belief that the therapy will be
effective. The placebo effect may also indicate a phenomenon
of regression to the mean, in that outlying behavior returns
closer to the mean over time. Alternatively, it has been suggested
that adherence may be a more general indicator of orientation
to healthy behaviors. Therefore, individuals who are adherent
may be more likely to follow healthy lifestyle practices and
therefore have improved outcomes[81,82]. Further exploration
within the area of e-therapy needs to determine whether
adherence influences outcomes through expectation beliefs or
through participants being generally adherent to treatment
recommendations. To do this, control group adherence behaviors
need to be reported more.

Limitations

We recognize that several key studies that were included in the
original sample of 8300 were excluded as a result of selection
criteria. Specifically, some trials that potentially would have
met thereview criteriawere excluded before analysisasaresult
of database coding and indexing. While Cochrane-style
systematic reviews have used rigorous data selection and
extraction templates to select trials, the varied nature of the
design and high attrition rate of e-therapies made it difficult to
use such templates. Given this, the limits within the databases
were used to ensure that the methodology of the review was as
systematic and replicable as possible.

Asthe studies contained within thisreview were heterogeneous
in terms of the populations studied, nature of the interventions
used, lengths of follow-up, and outcome measures, we
summarized the findings by adherence measure only, rather
than attempting a meta-analysis. This has limited the ability to
combine and report the data beyond the format used. Similarly,
the large number of small studies included in the review may
have been underpowered for finding significant results.

Implications for Future Work

There are many difficultiesin determining the role of adherence
on outcomesin e-therapies. While obj ective data can be captured
with relative ease, thismay not truly reflect the user’s experience
and dose. Thisisparticularly pertinent when the user isrequired
to complete activities such as homework exercises between
online sessions, or when the user can print off material to review.
In both of these scenarios, “objective measures’ may
underestimate the usage of the program. Similarly, user aspects
such as processing speed, and familiarity with Web-based
platforms and user interfaces are likely to influence the time
spent online. Therefore, understanding the contributing factors
of adherence is likely to be as important as understanding
adherence per se.

From the findings of this review, it appears that the number of
loginsisthe measure of adherence best correlated with physical
outcomes, while module completion correlated with
psychological outcomes. This suggeststhat program persistence
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and adherence may beimportant for physical and psychological
interventions in different ways. However, these results need to
be considered with caution, given the limitations of thisreview
and the potential biases in the data. We therefore recommend
that this be explored in future studies where adherence is the
focus. It may mean that an aggregated adherence measure such
asprogram exposure could provide amore meaningful measure
of adherence by incorporating logins, time spent online, and
number of activities and modules completed. However, it isnot
always clear how such a composite measure was derived in the
studies and how each factor contributes to such a score.

Acknowledgments

Donkin et al

Similarly, variations existed within composite measure across
each trial, making the comparison difficult. Furthermore, the
design of interventions could take this into account by
maximizing the likelihood of a participant undertaking the
behavior most likely to enhance outcomes. For instance,
maximizing module completion for depression and anxiety
interventions, even at the expense of number of logins, may be
a good trade-off. Understanding the differential effects of
different measures of adherence will be important in future
content and platform development, as well as in evaluating
applicability and health service issues.

Liese Donkin receives a scholarship from the University of Sydney to complete her PhD with additional support from the
Cardiovascular Disease and Depression Strategic Research Program (Award Reference No. G08S 4048) and beyondblue. Thanks
also to Sun Bin who retrieved articles to be included in this review.

Conflictsof I nterest
None declared

Multimedia Appendix 1

Association of each type of adherence measure with outcome grouped by target of intervention

[PDF file (Adobe PDF File), 274 KB - jmir_v13i3e52_appl.pdf ]

References

1.  Andersson G, Cuijpers P. Internet-based and other computerized psychological treatments for adult depression: a
meta-analysis. Cogn Behav Ther 2009 Dec;38(4):196-205. [doi: 10.1080/16506070903318960] [Medline: 20183695]

2. Amstadter AB, Broman-Fulks J, Zinzow H, Ruggiero KJ, Cercone J. Internet-based interventions for traumatic stress-rel ated
mental health problems:. areview and suggestion for future research. Clin Psychol Rev 2009 Jul;29(5):410-420. [doi:

10.1016/j.cpr.2009.04.001] [Medline: 19403215]

3. Barak A, Hen L, Boniel-Nissim M, Shapira NA. A comprehensive review and a meta-analysis of the effectiveness of
I nternet-based psychotherapeutic interventions. J Technol Hum Serv 2008;26(2-4):109-160. [doi:

10.1080/15228830802094429]

4.  Eysenbach G. Issuesin evaluating health websites in an Internet-based randomized controlled trial. JMed Internet Res
2002 Dec;4(3):E17 [FREE Full text] [doi: 10.2196/jmir.4.3.e17] [Medline: 12554548]

5.  Sabate E. Adherence to Long-Term Therapies: Evidence for Action. Geneva: World Health Organi zation; 2003.

6. Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf DA, et al. Medication compliance and persistence:
terminology and definitions. Value Health 2008;11(1):44-47. [doi: 10.1111/j.1524-4733.2007.00213.x] [Medline: 18237359]

7.  Coon DW, Thompson LW. The relationship between homework compliance and treatment outcomes among older adult
outpatients with mild-to-moderate depression. Am J Geriatr Psychiatry 2003;11(1):53-61. [Medline: 12527540]

8. Neimeyer RA, KazantzisN, Kassler DM, Baker KD, Fletcher R. Group cognitive behavioural therapy for depression
outcomes predicted by willingness to engage in homework, compliance with homework, and cognitive restructuring skill
acquisition. Cogn Behav Ther 2008;37(4):199-215. [doi: 10.1080/16506070801981240] [Medline: 18608311]

9. Thase ME, Callan JA. The role of homework in cognitive behavior therapy of depression. J Psychother Integr

2006;16(2):162-177. [doi: 10.1037/1053-0479.16.2.162]

10. Tierney JF, Stewart LA. Investigating patient exclusion biasin meta-analysis. Int J Epidemiol 2005 Feb;34(1):79-87 [FREE

Full text] [doi: 10.1093/ije/dyh300] [Medline: 15561753

11. Schulz KF, Grimes DA. Sample size slippages in randomised trials: exclusions and the lost and wayward. Lancet 2002
Mar 2;359(9308):781-785. [doi: 10.1016/S0140-6736(02)07882-0] [Medline: 11888606]

12. Batterham PJ, Neil AL, Bennett K, Griffiths KM, Christensen H. Predictors of adherence among community users of a
cognitive behavior therapy website. Patient Prefer Adherence 2008;2:97-105 [FREE Full text] [Medline: 19920949]
13. Eysenbach G. Thelaw of attrition. JMed | nternet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:

15829473]

http://www.jmir.org/2011/3/e52/

JMed Internet Res 2011 | vol. 13| iss. 3 |e52 | p.88
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v13i3e52_app1.pdf&filename=0a07a919536356d0440de66207cd57e2.pdf
https://jmir.org/api/download?alt_name=jmir_v13i3e52_app1.pdf&filename=0a07a919536356d0440de66207cd57e2.pdf
http://dx.doi.org/10.1080/16506070903318960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20183695&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2009.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19403215&dopt=Abstract
http://dx.doi.org/10.1080/15228830802094429
http://www.jmir.org/2002/3/e17/
http://dx.doi.org/10.2196/jmir.4.3.e17
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12554548&dopt=Abstract
http://dx.doi.org/10.1111/j.1524-4733.2007.00213.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18237359&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12527540&dopt=Abstract
http://dx.doi.org/10.1080/16506070801981240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18608311&dopt=Abstract
http://dx.doi.org/10.1037/1053-0479.16.2.162
http://ije.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15561753
http://ije.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=15561753
http://dx.doi.org/10.1093/ije/dyh300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15561753&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(02)07882-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11888606&dopt=Abstract
http://www.dovepress.com/articles.php?article_id=2065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19920949&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Donkin et al

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Glasgow RE, Nelson CC, Kearney KA, Reid R, Ritzwoller DP, Strecher VJ, et a. Reach, engagement, and retention in an
Internet-based weight loss program in a multi-site randomized controlled trial. J Med Internet Res 2007;9(2):e11 [FREE
Full text] [doi: 10.2196/jmir.9.2.11] [Medline: 17513282]

Wierzbicki M, Pekarik G. A meta-analysis of psychotherapy dropout. Prof Psychol Res Pr 1993;24(2):190-195. [doi:
10.1037/0735-7028.24.2.190]

Strauss JL, Guerra VS, Marx CE, Meade Eggleston A, Calhoun PS. Adherence and psychotherapy. In: Bosworth HB,
Oddone EZ, Weinberger M, editors. Improving Patient Treatment Adherence: Concepts, Interventions, and M easurement.
New York, NY: Springer Verlag; 2010:215-240.

Bickmore T, Gruber A, Picard R. Establishing the computer-patient working alliance in automated health behavior change
interventions. Patient Educ Couns 2005 Oct;59(1):21-30. [doi: 10.1016/j.pec.2004.09.008] [Medline: 16198215]

Bewick BM, Truder K, Mulhern B, Barkham M, Hill AJ. The feasibility and effectiveness of aweb-based personalised
feedback and social norms alcohol intervention in UK university students: a randomised control trial. Addict Behav 2008
Sep;33(9):1192-1198. [doi: 10.1016/j.addbeh.2008.05.002] [Medline; 18554819]

Bosak KA, Yates B, Pozehl B. Feasibility of an internet physical activity intervention. West J Nurs Res 2009
Aug;31(5):648-661. [doi: 10.1177/0193945909334433] [Medline: 19420280]

Goessens BM, Visseren FL, de Nooijer J, van den Borne HW, Algra A, Wierdsma J, SMART Study Group. A pilot-study
to identify the feasibility of an Internet-based coaching programme for changing the vascular risk profile of high-risk
patients. Patient Educ Couns 2008 Oct; 73(1):67-72. [doi: 10.1016/j.pec.2008.06.004] [Medline: 18639410]
Harvey-Berino J, Pintauro SJ, Gold EC. The feasibility of using Internet support for the maintenance of weight loss. Behav
Modif 2002 Jan;26(1):103-116. [Medline: 11799651]

Slootmaker SM, Chinapaw MJ, Schuit AJ, Seidell JC, Van Mechelen W. Feasibility and effectiveness of online physical
activity advice based on apersonal activity monitor: randomized controlled trial. JMed Internet Res 2009;11(3):e27 [FREE
Full text] [doi: 10.2196/jmir.1139] [Medline: 19674956]

Clarke G, Eubanks D, Reid E, Kelleher C, O'Connor E, DeBar LL, et a. Overcoming Depression on the Internet (ODIN)
(2): arandomized trial of a self-help depression skills program with reminders. JMed Internet Res 2005;7(2):e16 [FREE
Full text] [doi: 10.2196/jmir.7.2.16] [Medline: 15998607]

Christensen H, Griffiths KM, Korten AE, Brittliffe K, Groves C. A comparison of changes in anxiety and depression
symptoms of spontaneous users and trial participants of acognitive behavior therapy website. JMed I nternet Res 2004 Dec
22;6(4):e46 [FREE Full text] [doi: 10.2196/jmir.6.4.e46] [Medline: 15631970]

Christensen H, Griffiths KM, Mackinnon AJ, Brittliffe K. Online randomized controlled trial of brief and full cognitive
behaviour therapy for depression. Psychol Med 2006 Dec;36(12):1737-1746. [doi: 10.1017/S0033291706008695] [Medline:
16938144]

Advocat J, Lindsay J. Internet-based trials and the creation of health consumers. Soc Sci Med 2010 Feb;70(3):485-492.
[doi: 10.1016/j.socscimed.2009.10.051] [Medline: 19926185]

Christensen H, Griffiths KM, Farrer L. Adherence in internet interventions for anxiety and depression. JMed Internet Res
2009;11(2):e13 [FREE Full text] [doi: 10.2196/jmir.1194] [Medline: 19403466]

Kaltenthaler E, Sutcliffe P, Parry G, Beverley C, Rees A, Ferriter M. The acceptability to patients of computerized cognitive
behaviour therapy for depression: a systematic review. Psychol Med 2008 Nov;38(11):1521-1530. [doi:
10.1017/S0033291707002607] [Medline: 18205964]

Manwaring JL, Bryson SW, Goldschmidt AB, Winzelberg AJ, Luce KH, Cunning D, et a. Do adherence variables predict
outcomein an online program for the prevention of eating disorders? JConsult Clin Psychol 2008 Apr;76(2):341-346. [doi:
10.1037/0022-006X.76.2.341] [Medline: 18377129]

Waller R, Gilbody S. Barriers to the uptake of computerized cognitive behavioural therapy: a systematic review of the
guantitative and qualitative evidence. Psychol Med 2009 May;39(5):705-712. [doi: 10.1017/S0033291708004224] [Medline:
18812006]

Scottish Intercollegiate Guidelines Network. SIGN 50: A Guideline Developers Handbook. Edinburgh: NHS Quality
Improvement Scotland (NHS QIS); 2008.

Alexander GL, McClure JB, Calvi JH, Divine GW, Stopponi MA, Rolnick SJ, MENU Choices Team. A randomized clinical
trial evaluating online interventions to improve fruit and vegetable consumption. Am J Public Health 2010
Feb;100(2):319-326. [doi: 10.2105/AJPH.2008.154468] [Medline: 20019315]

Carr LJ, Bartee RT, Dorozynski C, Broomfield JF, Smith ML, Smith DT. Internet-delivered behavior change program
increases physical activity and improves cardiometabolic disease risk factorsin sedentary adults: results of a randomized
controlled trial. Prev Med 2008 May;46(5):431-438. [doi: 10.1016/j.ypmed.2007.12.005] [Medline: 18207228]

Carr LJ, Bartee RT, Dorozynski CM, Broomfield JF, Smith ML, Smith DT. Eight-month follow-up of physical activity
and central adiposity: results from an Internet-delivered randomized control trial intervention. J Phys Act Health 2009
Jul;6(4):444-455. [Medline: 19842458]

Lewis B, Williams D, Dunsiger S, Sciamanna C, Whiteley J, Napolitano M, et a. User attitudes towards physical activity
websitesin arandomized controlled trial. Prev Med 2008 Nov;47(5):508-513. [doi: 10.1016/j.ypmed.2008.07.020] [Medline:
18773915]

http://www.jmir.org/2011/3/e52/ JMed Internet Res 2011 | val. 13| iss. 3 €52 | p.89

(page number not for citation purposes)


http://www.jmir.org/2007/2/e11/
http://www.jmir.org/2007/2/e11/
http://dx.doi.org/10.2196/jmir.9.2.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17513282&dopt=Abstract
http://dx.doi.org/10.1037/0735-7028.24.2.190
http://dx.doi.org/10.1016/j.pec.2004.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16198215&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2008.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18554819&dopt=Abstract
http://dx.doi.org/10.1177/0193945909334433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19420280&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2008.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18639410&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11799651&dopt=Abstract
http://www.jmir.org/2009/3/e27/
http://www.jmir.org/2009/3/e27/
http://dx.doi.org/10.2196/jmir.1139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19674956&dopt=Abstract
http://www.jmir.org/2005/2/e16/
http://www.jmir.org/2005/2/e16/
http://dx.doi.org/10.2196/jmir.7.2.e16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15998607&dopt=Abstract
http://www.jmir.org/2004/4/e46/
http://dx.doi.org/10.2196/jmir.6.4.e46
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15631970&dopt=Abstract
http://dx.doi.org/10.1017/S0033291706008695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16938144&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2009.10.051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19926185&dopt=Abstract
http://www.jmir.org/2009/2/e13/
http://dx.doi.org/10.2196/jmir.1194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19403466&dopt=Abstract
http://dx.doi.org/10.1017/S0033291707002607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18205964&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.76.2.341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18377129&dopt=Abstract
http://dx.doi.org/10.1017/S0033291708004224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18812006&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2008.154468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20019315&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2007.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18207228&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19842458&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2008.07.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18773915&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Donkin et al

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

Marcus BH, LewisBA, Williams DM, Dunsiger S, Jakicic IM, Whiteley JA, et al. A comparison of Internet and print-based
physical activity interventions. Arch Intern Med 2007 May 14;167(9):944-949 [EREE Full text] [doi:
10.100V/archinte.167.9.944] [Medline: 17502536]

McKay HG, Danaher BG, Seeley JR, Lichtenstein E, Gau JM. Comparing two web-based smoking cessation programs:
randomized controlled trial. JMed Internet Res 2008;10(5):e40 [FREE Full text] [doi: 10.2196/jmir.993] [Medline:
19017582]

Tate DF, Jackvony EH, Wing RR. Effects of Internet behavioral counseling on weight lossin adults at risk for type 2
diabetes: arandomized trial. JAMA 2003 Apr 9;289(14):1833-1836 [FREE Full text] [doi: 10.1001/jama.289.14.1833]
[Medline: 12684363]

Tate DF, Wing RR, Winett RA. Using Internet technology to deliver a behavioral weight loss program. JAMA 2001 Mar
7,285(9):1172-1177 [FREE Full text] [Medline: 11231746]

Webber KH, Tate DF, Michael Bowling J. A randomized comparison of two motivationally enhanced Internet behavioral
weight loss programs. Behav Res Ther 2008 Sep;46(9):1090-1095. [doi: 10.1016/j.brat.2008.06.008] [Medline: 18675402]
Clarke G, Reid E, Eubanks D, O'Connor E, DeBar LL, Kelleher C, et a. Overcoming depression on the Internet (ODIN):
arandomized controlled trial of an Internet depression skills intervention program. JMed Internet Res 2002 Dec;4(3):e14
[FREE Full text] [doi: 10.2196/jmir.4.3.e14] [Medline: 12554545]

Mufioz RF, BarreraAZ, Delucchi K, PenillaC, Torres LD, Pérez-Stable EJ. International Spanish/English Internet smoking
cessation trial yields 20% abstinenceratesat 1 year. Nicotine Tob Res 2009 Sep;11(9):1025-1034. [doi: 10.1093/ntr/ntp090]
[Medline: 19640833]

Zabinski MF, Wilfley DE, Pung MA, Winzelberg AJ, Eldredge K, Taylor CB. An interactive internet-based intervention
for women at risk of eating disorders: a pilot study. Int J Eat Disord 2001 Sep;30(2):129-137. [Medline: 11449446]
Winzelberg AJ, Eppstein D, Eldredge KL, Wilfley D, Dasmahapatra R, Dev P, et a. Effectiveness of an Internet-based
program for reducing risk factorsfor eating disorders. J Consult Clin Psychol 2000 Apr;68(2):346-350. [Medline: 10780136]
Andersson G, Bergstrom J, Hollandare F, Carlbring P, Kaldo V, Ekselius L. Internet-based self-help for depression:
randomised controlled trial. Br JPsychiatry 2005 Nov;187:456-461 [ FREE Full text] [doi: 10.1192/bjp.187.5.456] [Medline:
16260822]

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]

Seidman DF, Westmaas JL, Goldband S, Rabius V, Katkin ES, Pike KJ, et al. Randomized controlled tria of an interactive
internet smoking cessation program with long-term follow-up. Ann Behav Med 2010 Feb;39(1):48-60. [doi:
10.1007/s12160-010-9167-7] [Medline: 20177844]

Spek V, Nyklicek I, Smits N, Cuijpers P, Riper H, Keyzer J, et a. Internet-based cognitive behavioural therapy for
subthreshold depression in people over 50 years old: arandomized controlled clinical trial. Psychol Med 2007
Dec;37(12):1797-1806. [doi: 10.1017/S0033291707000542] [Medline: 17466110]

deGraaf LE, Gerhards SA, Arntz A, Riper H, Metsemakers JF, Evers SM, et a. Clinical effectiveness of online computerised
cognitive-behavioural therapy without support for depression in primary care: randomised trial. Br J Psychiatry 2009
Jul;195(1):73-80 [FREE Full text] [doi: 10.1192/bjp.bp.108.054429] [Medline: 19567900]

Meyer B, Berger T, Caspar F, Beevers CG, Andersson G, Weiss M. Effectiveness of a novel integrative online treatment
for depression (Deprexis): randomized controlled trial. J Med Internet Res 2009;11(2):e15 [FREE Full text] [doi:
10.2196/jmir.1151] [Medline: 19632969]

Spek V, Cuijpers P, Nyklicek I, Smits N, Riper H, Keyzer J, et a. One-year follow-up results of arrandomized controlled
clinical trial on internet-based cognitive behavioural therapy for subthreshold depression in people over 50 years. Psychol
Med 2008 May;38(5):635-639. [doi: 10.1017/S0033291707002590] [Medline: 18205965]

Tillfors M, Carlbring P, Furmark T, Lewenhaupt S, Spak M, Eriksson A, et a. Treating university students with social
phobiaand public speaking fears: Internet delivered self-help with or without live group exposure sessions. Depress Anxiety
2008;25(8):708-717. [doi: 10.1002/da.20416] [Medline: 18729147]

Titov N, Andrews G, Choai |, Schwencke G, Mahoney A. Shyness 3: randomized controlled trial of guided versus unguided
Internet-based CBT for social phobia. Aust N Z JPsychiatry 2008 Dec;42(12):1030-1040. [doi: 10.1080/00048670802512107]
[Medline: 19016091]

Titov N, Andrews G, Schwencke G. Shyness 2: treating socia phobiaonline: replication and extension. Aust N Z JPsychiatry
2008 Jul;42(7):595-605. [doi: 10.1080/00048670802119820] [Medline: 18612863]

Carlbring P, Nilsson-lhrfelt E, Waara J, Kollenstam C, Buhrman M, Kaldo V, et a. Treatment of panic disorder: live therapy
vs. self-help viathe Internet. Behav Res Ther 2005 Oct;43(10):1321-1333. [doi: 10.1016/j.brat.2004.10.002] [Medline:
16086983]

Furmark T, Carlbring P, Hedman E, Sonnenstein A, Clevberger P, Bohman B, et al. Guided and unguided self-help for
socia anxiety disorder: randomised controlled trial. Br J Psychiatry 2009 Nov;195(5):440-447 [FREE Full text] [doi:
10.1192/bjp.bp.108.060996] [Medline: 19880935]

http://www.jmir.org/2011/3/e52/ JMed Internet Res 2011 | val. 13| iss. 3 €52 | p.90

(page number not for citation purposes)


http://archinte.ama-assn.org/cgi/pmidlookup?view=long&pmid=17502536
http://dx.doi.org/10.1001/archinte.167.9.944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17502536&dopt=Abstract
http://www.jmir.org/2008/5/e40/
http://dx.doi.org/10.2196/jmir.993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19017582&dopt=Abstract
http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=12684363
http://dx.doi.org/10.1001/jama.289.14.1833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12684363&dopt=Abstract
http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=11231746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11231746&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2008.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18675402&dopt=Abstract
http://www.jmir.org/2002/3/e14/
http://dx.doi.org/10.2196/jmir.4.3.e14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12554545&dopt=Abstract
http://dx.doi.org/10.1093/ntr/ntp090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19640833&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11449446&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10780136&dopt=Abstract
http://bjp.rcpsych.org/cgi/pmidlookup?view=long&pmid=16260822
http://dx.doi.org/10.1192/bjp.187.5.456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16260822&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://dx.doi.org/10.1007/s12160-010-9167-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20177844&dopt=Abstract
http://dx.doi.org/10.1017/S0033291707000542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17466110&dopt=Abstract
http://bjp.rcpsych.org/cgi/pmidlookup?view=long&pmid=19567900
http://dx.doi.org/10.1192/bjp.bp.108.054429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19567900&dopt=Abstract
http://www.jmir.org/2009/2/e15/
http://dx.doi.org/10.2196/jmir.1151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19632969&dopt=Abstract
http://dx.doi.org/10.1017/S0033291707002590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18205965&dopt=Abstract
http://dx.doi.org/10.1002/da.20416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18729147&dopt=Abstract
http://dx.doi.org/10.1080/00048670802512107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19016091&dopt=Abstract
http://dx.doi.org/10.1080/00048670802119820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18612863&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2004.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16086983&dopt=Abstract
http://bjp.rcpsych.org/cgi/pmidlookup?view=long&pmid=19880935
http://dx.doi.org/10.1192/bjp.bp.108.060996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19880935&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Donkin et al

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

van Straten A, Cuijpers B, Smits N. Effectiveness of aweb-based self-hel p intervention for symptoms of depression, anxiety,
and stress: randomized controlled trial. JMed Internet Res 2008;10(1):e7 [FREE Full text] [doi: 10.2196/jmir.954] [Medline:
18364344]

Clarke G, Kelleher C, Hornbrook M, Debar L, Dickerson J, Gullion C. Randomized effectivenesstrial of an Internet, pure
self-help, cognitive behavioral intervention for depressive symptoms in young adults. Cogn Behav Ther 2009
Dec;38(4):222-234. [doi: 10.1080/16506070802675353] [Medline: 19440896]

Kenardy J, McCafferty K, Rosa V. Internet-delivered indicated prevention for anxiety disorders: arandomized controlled
trial. Behav Cogn Psychother 2003;31(3):279-289. [doi: 10.1017/S1352465803003047]

Cousineau TM, Green TC, Corsini E, Seibring A, Showstack M T, Applegarth L, et a. Online psychoeducational support
for infertile women: arandomized controlled trial. Hum Reprod 2008 Mar;23(3):554-566 [FREE Full text] [doi:
10.1093/humrep/dem306] [Medline: 18089552]

Low KG, Charanasomboon S, Lesser J, Reinhalter K, Martin R, JonesH, et al. Effectiveness of acomputer-based interactive
eating disorders prevention program at long-term follow-up. Eat Disord 2006;14(1):17-30. [doi: 10.1080/10640260500403816]
[Medline: 16757446]

Taylor CB, Bryson S, Luce KH, Cunning D, Doyle AC, Abascal LB, et a. Prevention of eating disordersin at-risk college-age
women. Arch Gen Psychiatry 2006 Aug;63(8):881-888 [FREE Full text] [doi: 10.1001/archpsyc.63.8.881] [Medline:
16894064]

Zabinski MF, Wilfley DE, CalfasKJ, Winzelberg AJ, Taylor CB. Aninteractive psychoeducational intervention for women
at risk of developing an eating disorder. JConsult Clin Psychol 2004 Oct;72(5):914-919. [doi: 10.1037/0022-006X.72.5.914]
[Medline: 15482051]

Severson HH, Gordon JS, Danaher BG, AkersL. ChewFree.com: eval uation of aWeb-based cessation program for smokeless
tobacco users. Nicotine Tob Res 2008 Feb;10(2):381-391. [doi: 10.1080/14622200701824984] [Medline: 18236303]

de Graaf LE, Huibers MJ, Riper H, Gerhards SA, Arntz A. Use and acceptability of unsupported online computerized
cognitive behaviora therapy for depression and associationswith clinical outcome. JAffect Disord 2009 Aug;116(3):227-231.
[doi: 10.1016/j.jad.2008.12.009] [Medline: 19167094]

McKay HG, King D, Eakin EG, Seeley JR, Glasgow RE. The diabetes network internet-based physical activity intervention:
arandomized pilot study. Diabetes Care 2001 Aug;24(8):1328-1334 [FREE Full text] [Medline: 11473065]

Nathan PA, Keniston RC, Meadows KD. Outcome study of ulnar nerve compression at the elbow treated with simple
decompression and an early programme of physical therapy. JHand Surg Br 1995 Oct;20(5):628-637. [Medline: 8543870]
RivesK, Gelberman R, Smith B, Carney K. Severe contractures of the proximal interphalangeal joint in Dupuytren's disease:
results of a prospectivetrial of operative correction and dynamic extension splinting. JHand Surg Am 1992
Nov;17(6):1153-1159. [Medline: 1430959]

Lyngcoln A, Taylor N, Pizzari T, Baskus K. The relationship between adherence to hand therapy and short-term outcome
after distal radius fracture. JHand Ther 2005;18(1):2-8. [doi: 10.1197/j.jht.2004.10.008] [Medline: 15674780]

Groth GN, Wilder DM, Young VL. The impact of compliance on the rehabilitation of patients with mallet finger injuries.
JHand Ther 1994;7(1):21-24. [Medline: 8012481]

Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD, et al. Comparison of weight-loss diets with different
compositions of fat, protein, and carbohydrates. N Engl JMed 2009 Feb 26;360(9):859-873 [FREE Full text] [doi:
10.1056/NEJM 0a0804748] [Medline: 19246357]

Cottraux J, Note I, Albuisson E, Yao SN, Note B, Mollard E, et al. Cognitive behavior therapy versus supportive therapy
in social phobia: arandomized controlled trial. Psychother Psychosom 2000;69(3):137-146. [Medline: 10773778]

Tolin DF. Is cognitive-behavioral therapy more effective than other therapies? A meta-analytic review. Clin Psychol Rev
2010 Aug;30(6):710-720. [doi: 10.1016/j.cpr.2010.05.003] [Medline: 20547435]

RowaK, Antony MM. Psychological treatments for social phobia. Can J Psychiatry 2005 May;50(6):308-316. [Medline:
15999944]

Warmerdam L, van Straten A, Twisk J, Riper H, Cuijpers P. Internet-based treatment for adults with depressive symptoms:
randomized controlled trial. JMed Internet Res 2008;10(4):e44 [FREE Full text] [doi: 10.2196/jmir.1094] [Medline:
19033149]

Taylor Y, Eliasson A, Andrada T, Kristo D, Howard R. The role of telemedicine in CPAP compliance for patients with
obstructive sleep apnea syndrome. Sleep Breath 2006 Sep;10(3):132-138. [doi: 10.1007/s11325-006-0059-9] [Medline:
16565867]

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. [doi: 10.1016/j.amepre.2007.12.024]
[Medline: 18407003]

AvinsAL, Pressman A, Ackerson L, Rudd P, Neuhaus J, Vittinghoff E. Placebo adherence and its association with morbidity
and mortality in the studies of left ventricular dysfunction. J Gen Intern Med 2010 Dec;25(12):1275-1281. [doi:
10.1007/s11606-010-1477-8] [Medline: 20706875]

http://www.jmir.org/2011/3/e52/ JMed Internet Res 2011 | val. 13 | iss. 3 [e52 | p.91

(page number not for citation purposes)


http://www.jmir.org/2008/1/e7/
http://dx.doi.org/10.2196/jmir.954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18364344&dopt=Abstract
http://dx.doi.org/10.1080/16506070802675353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19440896&dopt=Abstract
http://dx.doi.org/10.1017/S1352465803003047
http://humrep.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18089552
http://dx.doi.org/10.1093/humrep/dem306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18089552&dopt=Abstract
http://dx.doi.org/10.1080/10640260500403816
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16757446&dopt=Abstract
http://archpsyc.ama-assn.org/cgi/pmidlookup?view=long&pmid=16894064
http://dx.doi.org/10.1001/archpsyc.63.8.881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16894064&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.72.5.914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15482051&dopt=Abstract
http://dx.doi.org/10.1080/14622200701824984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18236303&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2008.12.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19167094&dopt=Abstract
http://care.diabetesjournals.org/cgi/pmidlookup?view=long&pmid=11473065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11473065&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8543870&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1430959&dopt=Abstract
http://dx.doi.org/10.1197/j.jht.2004.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15674780&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8012481&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa0804748
http://dx.doi.org/10.1056/NEJMoa0804748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19246357&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10773778&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2010.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20547435&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15999944&dopt=Abstract
http://www.jmir.org/2008/4/e44/
http://dx.doi.org/10.2196/jmir.1094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19033149&dopt=Abstract
http://dx.doi.org/10.1007/s11325-006-0059-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16565867&dopt=Abstract
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/10.1007/s11606-010-1477-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20706875&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Donkin et al

79. Granger AL, Fehnel SE, Hogue SL, Bennett L, Edin HM. An assessment of patient preference and adherence to treatment
with Wellbutrin SR: aweb-based survey. J Affect Disord 2006 Feb;90(2-3):217-221. [doi: 10.1016/].jad.2005.08.018]
[Medline: 16360216]

80. Czakowski SM, Chesney MA, Smith AW. Adherence and the placebo effect. In: Shumaker SA, Ockene JK, Riekert KA,
editors. The Handbook of Health Behavior Change. New York, NY: Springer; 2009:713-734.

81. Coronary Drug Project Research Group. Influence of adherence to treatment and response of cholesterol on mortality in
the coronary drug project. N Engl JMed 1980 Oct 30;303(18):1038-1041. [doi: 10.1056/NEJM 198010303031804] [Medline:
6999345]

82. Horwitz RI, Viscoli CM, Berkman L, Donaldson RM, Horwitz SM, Murray CJ, et al. Treatment adherence and risk of
death after amyocardial infarction. Lancet 1990 Sep 1;336(8714):542-545. [Medline: 1975045]

Edited by G Eysenbach; submitted 14.02.11; peer-reviewed by B Cugelman, W Brouwer ; commentsto author 10.03.11; revised version
received 24.05.11; accepted 05.05.11; published 05.08.11.

Please cite as:

Donkin L, Christensen H, Naismith 9L, Neal B, Hickie IB, Glozier N

A Systematic Review of the Impact of Adherence on the Effectiveness of e-Therapies
J Med Internet Res 2011;13(3): €52

URL: http://www.jmir.org/2011/3/e52/

doi:10.2196/jmir.1772
PMID: 21821503

©Liesje Donkin, Helen Christensen, Sharon L Naismith, Bruce Neal, lan B Hickie, Nick Glozier. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 05.08.2011. Thisisan 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/2011/3/e52/ JMed Internet Res 2011 | val. 13 | iss. 3 [€52 | p.92
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/j.jad.2005.08.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16360216&dopt=Abstract
http://dx.doi.org/10.1056/NEJM198010303031804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6999345&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1975045&dopt=Abstract
http://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Smit et al

Original Paper

Modeling the Cost-Effectiveness of Health Care Systems for
Alcohol Use Disorders: How Implementation of eHealth
Interventions Improves Cost-Effectiveness

Filip Smit*?, PhD; Joran Lokkerbol®, MSc; Heleen Riper*®, PhD; Maria CristinaMajo™®, PhD; Brigitte Boon’, PhD;
Matthijs Blankers®, MSc

MTrimbos Institute (Netherlands Institute of Mental Health and Addiction), Centre of Prevention and Brief Intervention, Utrecht, Netherlands

/U University Medical Centre, Department of Epidemiology and Biostatistics, EMGO+ Institute for Health and Health Care Research, Amsterdam,
Netherlands

3University of Amsterdam, Department of Business and Industrial Statistics, Amsterdam, Netherlands

AU University, Department of Clinical Psychology, Amsterdam, Netherlands

5GGZinGesst, Regional Mental Health Service Centre, VU University Medical Centre, Amsterdam, Netherlands

5Tor Vergata University, Department of Financial Economics and Quantitative Methods, Rome, Italy

Trimbos I ntitute (Netherlands Institute of Mental Health and Addiction), Centre of Brief Intervention and Prevention, Utrecht, Netherlands
8Amsterdam Institute for Addiction Research, Academic Medical Centre, University of Amsterdam, Amsterdam, Netherlands

Corresponding Author:

Filip Smit, PhD

Trimbos Institute (Netherlands I nstitute of Mental Health and Addiction)
Centre of Prevention and Brief Intervention

PO. Box 725

Utrecht, 1400 AS

Netherlands

Phone: 31 629735268

Fax: 31 302971111

Email: fsmit@trimbos.nl

Abstract

Background: Informing policy decisionsabout the cost-effectiveness of health care systems (ie, packages of clinical interventions)
is probably best done using a modeling approach. To this end, an alcohol model (ALCMOD) was devel oped.

Objective: Theam of ALCMOD isto estimate the cost-effectiveness of competing health care systemsin curbing acohol use
at the national level. Thisisillustrated for scenarios where new eHealth technologies for alcohol use disorders areintroduced in
the Dutch health care system.

Method: ALCMOD assesses short-term (12-month) incremental cost-effectiveness in terms of reductions in disease burden,
that is, disability adjusted life years (DALY s) and health care budget impacts.

Results: Introduction of new eHealth technologies would substantially increase the cost-effectiveness of the Dutch health care
system for alcohol use disorders: every euro spent under the current system returns a value of about the same size (€ 1.08, ie, a
“surplus’ of 8 euro cents) while the new health care system offers much better returns on investment, that is, every euro spent
generates € 1.62 in health-related value.

Conclusion: Based on the best available evidence, ALCMOD's computations suggest that implementation of new eHealth
technologies would make the Dutch health care system more cost-effective. This type of information may help (1) to identify
opportunities for system innovation, (2) to set agendas for further research, and (3) to inform policy decisions about resource
allocation.

(J Med Internet Res 2011;13(3):€56) doi:10.2196/jmir.1694
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Introduction

Alcohol use disorders are a leading cause of disease burden
[1,2] and are associated with substantial economic costs [3-5].
Therefore, curbing acohol use has long been recognized as an
important public health objective [6,7]. Health care systems
play acrucia role in achieving this objective, but most health
care systems offer room for improvement in terms of greater
efficiency. This begs the question what type of health care
system (ie, what mix of interventions) is optimal. We could
provisionally define an optimal health care system in terms of
meeting the following criteria: the health care system needsto
be acceptable to its recipients, scalable to absorb increasing
demandsfor health care, effectiveto generate therequired health
gains, and economically affordable to become sustainable over
time. Public health planners need ways to design health care
systems that optimize these criteria, compare the relative
advantage of newly designed systemswith the current one, and
choose the most cost-effective system. This is a daunting but
important task.

However, thistask might befacilitated with asimulation model,
which can compare a*“base-case” scenario (eg, the current mix
of clinical interventions) with an alternative (hypothetical)
scenario consisting of new interventions or a different mix of
interventions. In order for it to be helpful, the model should be
able to evaluate the relative advantage of one system over
another in terms of incremental cost-effectiveness and be used
as an aid to decision-making.

With these aims in mind, we developed an alcohol model
(ALCMOD) that can address the above issues. Developing
ALCMOD was conducted within the framework of the World
Health Organization's International Action Plan on
Implementing eHealth Technologies for Substance Abuse. In
this context, we wanted to shed light on the population-level
cost-effectiveness of health care systems for alcohol use
disorders before and after the introduction of new eHealth
technologies in Belarus, Brazil, India, Mexico, and the
Netherlands. ALCMOD is programmed in Microsoft Excel
2007, because Excel is available on most computers.

http://www.jmir.org/2011/3/e56/
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The purpose of this paper isto describe ALCMOD's input and
output and to take an in-depth look at the model's throughpuit:
its computational strategies, the underlying assumptions, and
its limitations. One such limitation is ALCMOD's focus on
short-term impacts. Restricting the time horizon to 1 year was
a conscious choice because there are severa alcohol use
disorders (heavy, hazardous, and harmful use and alcohol
dependence; see Textbox 1 for definitions) and a lack of
empirical data that help to quantify the longer-term treatment
effects and relapse rates for each of the alcohol use disorders.
By contrast, simulation of short-term health and budget impacts
is straightforward and requires fewer assumptions. Strengths
of ALCMOD include its ability to evaluate combinations of
interventions, its adaptability to different populations and
settings, its capacity to handle uncertainty in input parameters,
and the way it incorporates coverage and adherence rates for
each of the modeled interventions.

We illustrate ALCMOD's computations for the base-case of
usual care in the Netherlands versus an aternative scenario
consisting of usual care augmented with three eHealth
interventions: the DrinkTest, DrinkingLess, and an online
therapist-led treatment for problem drinking, termed
OnlineTreatment henceforth. The DrinkTest is a brief online
intervention consisting of screening one's alcohol use followed
by automated personalized advice. DrinkingLess is an online
four-step cognitive behavioral intervention. The steps in
DrinkingLess are: (1) exploring one's alcohol use, (2) god
setting, (3) behavioral change, and (4) maintenance. Both the
DrinkTest and DrinkingL ess have been evaluated in randomized
trials and meta-analytically and were found to be effective in
curbing alcohol use [9-12]. Both the DrinkTest and
DrinkingLess are pure self-help interventions, but
OnlineTreatment isatherapist-led intervention. Communication
between participant and therapist is conducted over the Internet
in seven synchronous written chat sessions of 45 minutes each.
The sessions are thematically structured and cover themes such
asgoal setting, self-control techniques, monitoring, recognizing
situations that incur a risk of relapse, and relapse prevention
techniques.
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Textbox 1. Alcohol use disorders

Alcohol use disorders from the lexicon of acohol and drug terms published by the World Health Organization [8]

Abstinence is defined as refraining from drinking al coholic beverages.

Moderate drinking is the consumption of alcohol that does not exceed guidelines for moderate drinking in terms of volume or quantity per
occasion.

Heavy drinking is defined as drinking in excess of the standard of moderate drinking (see moderate drinking, above).

Hazardous use (International Classification of Disease, Tenth Revision [|CD-10] code Z72.1) isapattern of heavy drinking and/or binge drinking
that carries with it arisk of harmful conseguences to the drinker. These consequences may be detrimental to physical or mental health or have
adverse social consequencesto thedrinker or others. Other potential consequencesinclude worsening of existing medical conditionsor psychiatric
illnesses, injuries caused to self or others due to impaired judgment after drinking, high-risk sexual behaviors while intoxicated, and worsening
of personal or social interactions.

Harmful drinking (ICD-10 code F10.1) is a pattern of drinking that is causing damage to health. The damage may be either physical (eg, liver
cirrhosis from chronic drinking) or mental (eg, depressive episodes secondary to drinking). Harmful patterns of use are often criticized by others
and are sometimes associated with adverse social consequences of various kinds. Harmful drinking has persisted for at least 1 month or has
occurred repeatedly over the past 12-month period; subject does not meet criteriafor alcohol dependence.

Alcohol dependence (ICD-10 code F10.2) At least 3 of the following criteria are met: tolerance; withdrawa symptoms; impaired control;
preoccupation with acquisition and/or use; persistent desire or unsuccessful effortsto quit; sustains social, occupational, or recreational disability;

and use continues despite adverse conseguences.

OnlineTreatment has been evaluated in arandomized trial [13].
Preliminary results (not yet published) indicate that
OnlineTreatment is effective and cost-effective. It is worth
noting that the three eHealth interventions increase in intensity
and could be used in a stepped-care framework, thus starting
withtheleast intensiveintervention, the DrinkTest, and moving
up to the more intensive levels of DrinkingLess and
OnlineTreatment, if so required.

The emergence of evidence-based eHealth technologies offers
opportunities for innovation in existing health care systems.
The new technologies may help to reach population segments
that were hitherto not reached becausethey livein hard to reach
rurad areas or because they may have shied away from
face-to-face delivered health services out of fear of stigma. The
new technologies are also very scalable, thus allowing people
to access health care services in an unprecedented way. In
addition, the new eHealth technol ogies could be cost-effective,
especidly when offered as waell-structured self-help
interventions or as interventions with (minimal) therapist
support. Considering the global health gap with regard to the
alcohol use disorders [6], these developments could become
quiteimportant. However, to date thereisonly limited evidence
for the cost-effectiveness of eHealth interventions [14]. For
these reasons, it is opportune to conduct a population-level
health-economic evaluation of the possible health gains and
budget impacts of adding new eHealth technologies to the
existing health care system for acohol use disorders.

Methods

Target Population

By way of input, ALCMOD requires data that describe key
characteristics of the target population. Selecting the name of
the country will automatically trigger ALCMOD to upload the
age and gender distribution of the population of the selected
country and the corresponding mortality rates. ALCMOD also
needs to know the size of the target population, and in the
Netherlands, the target population consists of 993,200 men and

http://www.jmir.org/2011/3/e56/

222,800 women aged 18 to 69 years who could be classified as
problem drinkers [15]. Other required input is the
preintervention profile of the target population based on the
Alcohol Use Disorders | dentification Test, the AUDIT [16-19].
The decision to base ALCMOD on the AUDIT was motivated
by the idea that the AUDIT is globally used. Moreover, new
eHealth interventions will screen participants with the AUDIT.
Thus, even when a country has no AUDIT data yet, these data
are likely to become available via eHealth interventions in the
near future. In the Netherlands, data from the AUDIT are
available and can be automatically uploaded in ALCMOD.

I ntervention Packages

ALCMOD adlows a description of the intervention mix
representing the base-case scenario and the designing of an
alternative scenario with adifferent mix of interventionsor new
interventions added to existing ones. In ALCMOD's default
setting, arange of interventions—both face-to-faceinterventions
and eHedlth interventions—are shown for heavy, hazardous,
and harmful alcohol use and alcohol dependence. Two
parameters need to be set for each of the interventions: the
coverage rate and the adherence rate.

Coverage Rate

When some of the interventions shown in ALCMOD's default
setting are not available in a country, then their coverage rate
has to be set to 0%. This is equivalent to saying that the
intervention is not offered in a country. Other interventions
might be available for every person belonging to the target
population, and the coverage rateisthen set to 100% (universal
coverage). However, due to the many obstacles to full
implementation, the coverage rate of most interventions is
somewhere between 0 and 100% and can be set accordingly in
ALCMOD.

Adherence Rate

Recipients of interventions might be lessthan willing or unable
to fully comply with the intervention, and the degree of
adherenceis likely to moderate treatment response. Therefore,
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the adherence rate is an important parameter when evaluating
the effectiveness of interventions. Adherence rates may be
obtained from the literature, experts, or viafocus groupsin the
target population.

The idea is that health care scenarios can be developed by
changing the level of coverage for a series of interventions.
Table 1 shows the settings for the three scenarios that we

Smit et al

modeled: (1) the current Dutch health care system for alcohol
use disorderswithout eHealth interventions (base-case scenario),
(2) the Dutch health care system augmented with the eHealth
interventions (alternative scenario 1), and (3) the Dutch health
care system where face-to-face interventions have been
substituted for 50% by the new eHealth interventions (alternative
scenario 2).

Table 1. Modeled scenarios: coverage rates (%) for each of the interventions

Target Group Alcohol Intervention Base-Case Scenario  Alternative Scenario 1 Alternative Scenario 2

Use Disorder

Heavy Brief face-to-face intervention® 10 10 5
Online brief intervention ? 0 5 5

Hazardous Brief face-to-face intervention® 10 10 5
Online brief intervention? 0 5 5
Behavioral intervention® 6 6 3
Online behavioral interventiond 0 6 3

Harmful Behavioral intervention® 9 9 3
Online behavioral intervention® 0 9 3
Online therapist-led treatment® 0 9 3
Detox and acampro%tef 5 5 5
Aftercare and rehab with AAY 5 5 5

Dependence Behavioral intervention® 5 5 2.5
Online therapist-led treatment® 0 5 2.5
Detox and acamprosﬁtef 5 5 5
Aftercare and rehab with AAY 5 5 5

@ Brief face-to-face is modeled as a brief intervention consisting of screening followed by personalized feedback by a physician usually in a single
session (< 10 minutes), occasionally in two sessions (one for screening, the other for personalized feedback).

b Online brief intervention is modeled as online screen ng and automated personalized feedback (DrinkTest).
¢ Behavioral intervention is modeled as eight to ten sessions of individual cognitive behavioral therapy (CBT) under the guidance of atherapist, followed

by one booster session.

d Online self-hel pintervention (DrinkingL ess) ismodeled as four (range 3 to 12) sessions of onlineinteractive CBT-based self-help preceded by referral

by a genera practitioner (GP).

€ Online therapist-led intervention is modeled as eight sessions of online therapist-led CBT.
" Detox is modeled as 1-week ambulatory detoxification followed by clinical management with acamprosate.
9 Aftercare and rehabilitation is modeled as participation in Alcoholics Anonymous (AA) over 12 months.

The choice of intervention mix was informed by Room et a
and Benega et a [17,19] and the Dutch multidisciplinary
guideline for the treatment of alcohol use disorders [20]. The
choice of interventions was also motivated by two additional
considerations. availability of evidence of the intervention's
effectiveness in the meta-analytical literature [21] and the
nonoverlapping independent nature of the interventions such
that each intervention could be added to other interventions
without creating overlap for a specific alcohol use disorder.
Finally, the scenarios have been simplified by assuming that all

http://www.jmir.org/2011/3/e56/

interventions are associated with an adherence rate of 50%. This
was done to ensure that differences in the cost-effectiveness
ratios are dueto fundamental differencesin health technologies
and not simply an effect of greater or lesser treatment adherence.
However, it is possible to adjust adherenceratesin ALCMOD.
After all, someinterventions might be associated with better or
poorer adherence, and adherence itself might be amenable to
intervention such as motivational enhancement. Changing the
adherence parameters allows eval uation of these issues.
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Cost and Effect Parameters

In the ALCMOD default settings, some of the intervention
parameters have been preset and need not be changed but can
be changed if so required. These parameters are the costs and
the effects of the interventions.

Costs

ALCMOD'sdefault setting makes use of the full economic cost
price of each of the interventions. To be precise, the costs are
the per-participant costs of delivering an intervention expressed
in euros (€) for the Netherlands in the reference year 2009 (see
Table 2). The costs are based on the amount of resources (labor,
facilities, and supplies) used for offering the intervention during
its postimplementation stage. We made our own costing tool to
estimate the costs (in euros) of interventionsin asystematic and
uniform way that isin agreement with the Dutch guideline for
costing health care interventions [22]. For other countries, the
per-participant costs of offering an intervention need to be

http://www.jmir.org/2011/3/e56/
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assessed. These assessments can be carried out with the help of
an auxiliary costing tool, for example Cost It, available from
WHO's CHOICE website. Neither costs nor effects are
discounted because ALCMOD takes a short-term (12-month)
perspective.

Effects

Intervention effects are expressed as the standardized mean
difference, aso known as Cohen's d. This metric indicates how
many standard units (on a scale of standard deviations) the
experimental group hasimproved relative to a control group on
a relevant outcome such a change in drinking behavior. The
effect size d is often reported in the meta-analytical literature
and gives access to a large body of scientific evidence. We
extracted effect sizes at 6- or 12-months follow-up for al the
interventions from the meta-analytical literature and our own
research (see Table 3) and these values were used to populate
ALCMOD with its default parameter settings.
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Table 2. Per-patient intervention costs in 2009 euros (€) within uncertainty range (based on 1000 simulations)

Target Group Alcohol Use Disorder  Intervention Costsin Euros Uncertainty Range
(Euros)
Low High
Heavy Brief face-to-face intervention® 58 52 75
Online brief intervention® 10 9 10
Hazardous Brief face-to-face intervention? 58 52 75
Online brief intervention? 10 9 10
Behavioral intervention® 2024 1702 2550
Online self-help intervention® 207 198 224
Harmful Behavioral intervention® 2024 1702 2550
Online self-help intervention® 207 198 224
Online therapist-led intervention® 764 227 1451
Detox and acamprosate’ 1800 1620 2232
Aftercare and rehab with AAY 500 250 750
Dependence Behavioral intervention® 2024 1702 2550
Online therapist-led intervention® 1276 979 1408
Detox and acamprosate’ 1800 1620 2232
Aftercare and rehab with AA9 500 250 750

@ Brief face-to-face intervention modeled as screening at € 5.70 followed by 1 or 2 (Poisson distributed) 10-minute contacts with GP at € 32.03 per
contact

b Online brief intervention (DrinkTest) modeled as 40% of target population (N = 1,255,000) reached with information about the website, 8% responding
to AUDIT screener and receiving automated personalized feedback. Per-participant annual costs include website upgrading at € 50,000 research at €
50,000 and hosting at € 25,000.

€ Behavioral intervention is modeled as 8 to 14 (Poisson distributed) sessions of cognitive behavioral therapy (CBT) under guidance by a therapist,
including referral, intake, and one booster session

4 online self-help intervention (DrinkingL ess) is modeled as 15% of target population (N = 1,255,000) reached with information about the website 5%
uptake rate, and 4 sessions (range 3 to 12) of online CBT-based self-help preceded by referral by a GP. Per-participant annual costs include € 75,000
for website upgrading, € 50,000 for research, € 25,000 for hosting, plus € 75,000 for moderating forum and technical assistance.

€ Online therapist-led intervention is modeled as an average of 4 sessions (range 1 to 9) of 45 minutes each of online therapist-led CBT, preceded by
GP referral. Per-participant costs include per annum costs of € 8000 for website upgrading, € 5000 for hosting, plus€ 2000 for technical assistance.

" Detox is modeled as a 1-week ambulatory detoxification followed by clinical management with acamprosate under the supervision of a substance use
disorder treatment specialist and a physician over 3 months.

9 Aftercare and rehabilitation is modeled as participation in Alcoholics Anonymous at an average of € 500 (range € 250 to € 750) per patient for ayear.

It isworth noting that ALCMOD uses two types of effects: the
standardized mean difference, d, which wasjust discussed, and
the impact of an intervention in terms of the percent reduction
of pure alcohol intake in grams per day (g/day). The former
effect (d) impacts on health-related quality of life (QOL) via
changes in disorder severity. ALCMOD uses the percent
reduction of pure alcohol intake to model treatment effects on
mortality (see below for details). Although ALCMOD can
handle different alcohol reduction ratesfor each of themodeled
interventions, we have assumed a pre-post reduction of alcohol
intake by 20% for all interventions [21,23], because reduction
of acohoal intake was not always reported in the literature. This
should not overly distort outcomes because the short-term effects

http://www.jmir.org/2011/3/e56/

of alcohol use on mortality are small, thus limiting their impact
on disease burden as measured by disability-adjusted life years
(DALY s). We say this on the understanding that alcohol -related
mortality becomes an important, even a dominant, factor when
disease burden ismodeled out to full life expectancy, especialy
in the more severe alcohol use disorders.

Here we need to address afinal point about the required input
for ALCMOD. ALCMOD can be operated in two modes:
deterministic and stochastic. In deterministic mode, ALCMOD
does not take into account the uncertainty in parameters such
as costs and effects. ALCMOD conducts all computations, but
only once, and these cal culations are primed on the mean value
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of all parameters. Much of ALCMOD's output, which is based
on uncertainty, is then disabled. However, in stochastic mode,
ALCMOD can handle uncertainty surrounding the cost (in
euros) and effect (d) parameters. Our costing tool assesses the
uncertainty in costswith the help of simulations of resource use
(with 1000 iterations), and both randomized trials and
meta-analyses of trials often report 95% confidence intervals
of the effect size d. Thus we assume that costs are surrounded
by an uncertainty range, and effects, by a 95% confidence

Smit et al

interval, both having a lower and an upper limit. ALCMOD
assumes a gamma distribution for costs and the normal
distribution for the effect size d. Both distributions can be
specified in ALCMOD such that the distributions fit within the
lower and upper limits of costs and effects. In stochastic mode,
ALCMOD then proceeds with drawing random values from
these distributions, conducts all the computations, and repeats
this process many times (maximum 10,000 times). This helps
to capture uncertainty in the input parameters.

Table 3. Effectiveness of the interventions: standardized mean differences, 95% confidence interval for d (95% ClI), difference in pure alcohol intake
(mg/day) and references

Target Group Alcohol Use Disorder Intervention d 95% ClI
Heavy Brief face-to-face intervention® 0.26 0.20t00.32
Online brief intervention® 0.19 -0.02t0 0.40
Hazardous Brief face-to-face intervention® 0.32 0.23100.42
Online brief intervention® 0.19 -0.02t0 0.40
Behavioral intervention® 0.34 0.12t00.56
Online self-help intervention® 031 -0.69t0 1.30
Harmful Behavioral intervention® 0.34 0.12t0 0.56
Online self-help intervention® 031 -0.69t0 1.30
Online therapist-led intervention' 0.58 0.29t00.88
Detox and acamprosate? 0.21 0.14t0 0.29
Aftercare and rehab with AA" 0.28 0.20t0 0.37
Dependence Behavioral intervention' 0.32 0.05t0 0.59
Online therapist-led intervention 0.59 0.30t0 0.90
Detox and acamprosate? 0.21 0.14t0 0.29
Aftercare and rehab with AA" 0.28 0.20t00.37

Moyer et a's [21] meta-analysis of brief face-to-face interventions in approximately 4300 users meeting criteria of at least heavy drinking.

b Randomized trial of 450 participants presenting with either excessive acohol consumption (> 20 units weekly) and/or binge drinking (> 5 unitson a
single occasion on least one day per week) in the past 6 months [9].

¢ Reanalysis of Beich et al’s [24] meta-analysis of brief face- to-face interventions in 2989 users meeting criteria of hazardous drinking.
dWalters [25] meta-analysis based on approximately 320 harmful users.
€ Randomized trial of 261 excessive drinkers from the general population [11] where odds ratio (OR) converted into d using Chinn's equation [26].

" Randomized trial of 250 adults with mean AUDIT score of 20 at baseline with intervention was online treatment versus waiti ng list at 3 months and
the AUDIT as outcome [13].

9 Mann et al's[27] meta-analysis of 1670 people receiving acamprosate after detoxification where odds ratios converted into d using Chinn's method
[26].

P Toni gan et a's [28] meta-analysis of 2097 harmful and dependent users where effect size r converted into d.

"' Walters [25] meta-analysis based on approximately 210 dependent users.

disorder) is then multiplied by the coverage rate of each
intervention and multiplied by the appropriate per-participant
full economic cost price. The cost analyses are always conducted
for both the base-case and alternative scenario, such that the
cost difference between two modeled health care systems can
be computed and expressed as incremental costs.

ALCMOD's Throughput

Differencesin Costs

Modeling cost differences between two health care systemsiis
straightforward once the per-participant costs of delivering all
modeled interventions have been estimated and when the
coverage rates of the interventions have been established. The
number of people in the target group (stratified by alcohol use
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Differencesin Disease Burden

Thedisability adjusted lifeyear (DALY isameasure of disease
burden in apopulation. It combines two components of disease
burden: morbidity and mortality. The first is related to lesser
quality of life due to disability. Mortality ariseswhen illnessis
associated with premature death. Thus, a DALY can be
computed as the sum of years|ost due to disability (YLD) plus
years of lifelost (YLL) dueto mortality, hence, DALY = YLD
+YLL.

The first term in the DALY equation, YLD, can be computed
asthe number of cases manifesting with an alcohol use disorder,
N (point prevalence), weighted by a disability weight, DW.
Thus, YLD =N x DW. DWsrange from 0 to 1, where O isno
burden (good health) and 1 refers to a health condition as
undesirable as death. Although the literature offers advice for
choosing DWsfor the alcohol use disorders[29-33], ALCMOD
makes no use of DWsthat are directly associated with each of
the disorder-specific health states. Instead, it computes the
(downward) shift in DW as a consequence of the treatment
effect d. As said, d is the standardized mean difference
indicating how many standard units the treatment group has
moved away from the group that received no care. Thus, d is
essentially a “health improvement shift” due to intervention.
Thetask at hand, then, isto “trandate” the health improvement
shift (of size d) into a corresponding shift in DW. This strategy
has been developed by Sanderson et al [34] who used a panel
of experts for obtaining a conversion factor of 0.18 (95% CI
0.16-0.20) to trandate a shift in d into a shift in DW in alcohol
use disorders. The change in DW is then multiplied by the
appropriate number of people to arrive at an estimate of the
number of YLD avoided. When running in stochastic mode,
ALCMOD automatically conducts extensive uncertainty
analyses around Sanderson's conversion factor.

The second term in the DALY equation, YLL, iscalculated as
the difference in life expectancy when people reduce drinking
levels. We obtained estimates of the gender-specific relative
risk, RR, of all-cause mortality attributable to pure ethanol
intake (in g/day) using the expression [35], In(RR) =
b,*(In(x+1)) + b,*In(x) + e, where x = grams of pure ethanol
intake per day and b, and b, are -0.1030 and 0.0035 for men
and -0.0645 and 0.0029 for women, respectively (our own
estimatesfrom Gmel's paper [35]). Exponentiating In(RR) gives
the relative risk, RR, and the RRs are then combined with the
gender and age-specific mortality rates of the country for which
the outcomes are modeled. This produces estimates of changes
in life expectancy due to changes in alcohol intake. Because
ALCMOD takes a short-term perspective, treatment induced
impacts on life expectancy were calculated as the number of
avoided deaths in the present year.

http://www.jmir.org/2011/3/e56/
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The difference in YLD and YLL between the scenarios
determines the difference in the disease burden as measured by
DALY between two modeled heath systems, the so-called
incremental effects.

ALCMOD offers the use of a (downward) attenuation factor
that reducesthe carry-over effectsfrom lesser drinking to lesser
mortality and better health-related quality of life. After all, it
can be assumed that former drinkers still have a higher risk of
dying and poorer quality of life than people who never drank
before or have been consistent moderate drinkers [36,37]. In
other words, returning to less risky drinking levelsis assumed
to be beneficial but not as beneficial asahistory of no drinking
or moderate drinking. Hence this attenuation factor, which can
be used to conduct sensitivity analyses for further evaluation
of thisissue. In all subsequent analyses we used a downward
adjustment of 20% to be on the conservative side.

Combining Costs and Effects

Once the treatment costs and the reductions in DALY disease
burden have been computed for each scenario, thenitisasmall
step to also compute the difference between the costs of both
hedlth care systemsas A(C) = C, - C, and the difference between
the effects as A(E) = E; - E,. The ratio, A(C)/A(E), is the
incremental cost-effectiveness ratio (ICER), which tells us if
the aternative health care system offers better value for money
than the current health care system.

Handling Uncertainty

As indicated, in stochastic mode, ALCMOD takes parameter
uncertainty into account. The uncertainty is captured by drawing
values from the cost and effect distributions of al interventions
in arandom way and basing the cal culations on these randomly
drawn values. This can be repeated n times (in practice 500
times appears to be sufficient) and the outcomes of each of the
iterations is stored in vectors of size n of the costs and effects
of each of the scenarios, their differences, and the ICER.
Following standard health economic modeling routines [37],
the vectors are then used to produce ALCMOD's output, such
as the mean and the median of the outcomes and several ICER
plots and graphs.

Results

Preintervention Target Group

In November 2009 we obtained data from the DrinkingLess
monitoring system on 1083 women and 2538 men who
participated in DrinkingLess. Their mean age was 44.7 years
(SD 10.7). Table 4 presents the observed AUDIT distribution
for this population and therelative risk (RR) of premature death
due to alcohol, as computed by ALCMOD.
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Table 4. Preintervention characteristics of the target population

Smit et al

AUDIT Tentative Men, % Women, % RR (Death)

Score Label (n=987,000) (n =267,000) Men Women
0-1 Abstinent 0.1 0.1 1.00 1.00
2-7 Moderate 16 3.6 0.86 0.96
8-15 Heavy 18.4 235 0.95 0.99
16-19 Hazardous 222 235 0.99 1.05
20-29 Harmful 50.1 434 1.10 112
30-40 Dependence 7.6 59 1.36 1.28

Comparing Current Care With New eHealth
I nterventions Added

We begin by comparing the current heath care system
(base-case scenario) with an alternative scenario where eHealth
interventions are added to conventional care. In this comparison,
it was assumed that the new eHealth interventionswould attract
adifferent segment from the target population—a segment that
would otherwise not have been the recipient of conventional
care. Making this (unrealistic) assumption isaconscious choice,
and we will returnto it in the “Discussion” section. The results
are asfollows.

The total health care costs in the base-case scenario are € 233
million. Adding new eHealth interventions would raise the
health care expenditure to € 319 million, an increase of € 86
million. Under the base-case scenario, 5022 DALY sare averted,
under the new scenario, this is doubled to 10,319 averted

DALYs, an additional 5296 averted DALYs (including 32
alcohol-related deathsthat are avoided under the new scenario).
Thus, the alternative health care system delivers more population
health albeit at higher costs. Figure 1 provides a corresponding
visualization: the scatter of simulated | CERs (due to uncertainty
intheinput parameters) corresponding to the alternative scenario
is placed more to the north (more costs) and more to the east
(more health) than the scatter belonging to the current health
care system. Now, investing € 86 million for averting 5296 extra
DALYs (ie, € 16,053/DALY) raises the question whether that
would be money spent wisely. In the Netherlands, the
willingnessto pay for one averted DALY isabout € 80,000 with
a lower bound of € 50,000. An even more conservative
willingness-to-pay ceiling iscustomarily set at € 20,000/DALY
for nonfatal and mild disorders. It follows that the estimated €
16,053/DALY falls well below any of the usua
willingness-to-pay ceilings.

Figure 1. Total costs and effectsin millions of euros (base-case scenario versus eHealth interventions added)
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Figure 2, the ICER acceptability curve, represents a dightly
different approach to the same issue. It depicts the probability
that we must conclude that the new health care system is more
cost-effective than the current system (vertical axis) for arange
of willingnessto-pay ceilings (horizontal axis). For the
simulated data, Figure 2 shows that the likelihood that the new
health care system must be regarded as cost-effective increases
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sharply with increasing willingness-to-pay ceilings. the
probability equals 0% when the willingness to pay for an
additional health gain of one DALY avertedis€ 0, increasesto
50% at € 16,000 and to 75% at € 20,000. Beyond € 30,000 the
probability approaches certainty, and the conclusion that we
must regard the new system as more cost-effective is no longer
affected by higher willingness—to-pay levels. Again, accepting
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the threshold of € 20,000/DALY implies that the new health
system compares favorably with the current system in terms of

Smit et al

cost-effectiveness.

Figure 2. ICER acceptability curve (base-case scenario versus eHealth interventions added)
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Assuming for amoment that the willingnessto pay for averting
one DALY is€50,000, then we could directly compare the costs
of the hedlth care system (in euros) with health gains (also
expressed in euros) by multiplying the averted DALYsS by
€50,000. Figure 3, a cost/benefit chart, shows ALCMOD's
simulation results. The chart shows that costs and benefits are
just balanced under the current health care system, while the
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benefits clearly outweigh the costs under the new system. To
be more precise, every euro spent under the current system
returns avalue of about the same size (€1.08, ie, a“surplus’ of
8 euro cents), while the new health care system offers much
better returns on investment: every euro spent generates €1.62
in health-related value.

Figure 3. Cost-benefit chart in millions of euros (base-case scenario versus eHealth interventions added)
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To summarize, the new hedth care system, with eHealth
interventions added, is associated with higher heath care
delivery costsoverall, but it would be a health care system which
is more efficient than the current one, offering better value for
money.
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Comparing Current Care With New eHealth
Interventions With Partial Substitution

We also simulated another comparison, this one between a
base-case scenario that represents the current system and an
alternative scenario with eHealth interventions added. In this
case, however, the conventional face-to-face interventions are
partly substituted by the new eHealth interventions. In this
scenario, the coverage rate remains the same before and after
the introduction of the eHealth interventions. Such a situation
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would arise if the eHealth interventions were to tap into the
same target population seeking professional help, whether
face-to-face, eHealth, or otherwise. In this scenario, the number
of people who receive health care remains the same before and
after the introduction of the new health technologies, and
interventions are competing for the same target population and
therefore partially substitute each other.

Inthisscenario, ALCMOD computesthat the number of DALY's
averted under both systemsisvirtually the same: 4984 DALY s
under the current system and (exactly) 5000 DALY s under the
new system. In other words, partial substitution of conventional
face-to-face interventions by eHealth interventions does not

Smit et al

have any appreciable impact on population health. However,
the overal cost of the new system ismuch lower at €166 million
than the cost of the current system of €234 million, resulting in
a cost saving of € 68 million. Figure 4 relays the same
information. Again assuming a willingness to pay of
€50,000/DALY, the cost-benefit ratio indicates that for every
euro invested the generated health revenues are worth €1.06
(ie, 6 euro cents surplus for every euro invested) under the
current health care system. This improves to 52 euro cents
surplus for every euro invested under the new scenario where
the face-to-face interventions have been partly substituted by
new eHesalth interventions.

Figure 4. Cost/benefit chart in millions of euros (base-case scenario versus partial substiution scenario)
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Discussion

Main Findings

The main rationale for introducing eHealth technologies is to
increase timely access to health services, to reduce the costs of
delivering health care, and to make more efficient use of the
health care workforce. Indeed, ALCMOD's simulation results
suggest that widespread implementation of eHealth interventions
for alcohol use disorders would help to substantially increase
population health in the Netherlands, albeit at higher system
costs, when eHedlth interventions are added to the existing
health care system and more people become the recipients of
the expanded system. The cost-effectiveness of the Dutch health
system would also substantialy improve if the new eHealth
interventions were partially replacing some of the current
face-to-face interventions. Then, adding eHealth interventions
becomes a cost-effective option, because it will produce the
samelevel of population health for asignificantly smaller health
care budget. The “truth” might be found somewhere between
both extremes, because it is unlikely that the new eHealth
interventions will exclusively recruit people that would
otherwise not have been the recipients of conventional health
care (as assumed in the first comparison), while it is also
unlikely that the new eHealth interventionswill tap into exactly
the same pool of health care users (as assumed in second
comparison). At any rate, both extreme scenarios carry the
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message that widespread introduction of eHealth technologies
would help to substantially increase the efficiency of the Dutch
health care system overall, with a more favorable cost-benefit
ratio either way.

Strengthsand Limitations of ALCMOD

One of the benefits of a simulation model is that it helps to
organize vast fields of knowledge across several disciplines. In
the case of ALCMOD, these disciplines encompass addiction
epidemiology and health economics, while the evidence that
supports effect parameters is drawn from randomized clinical
trials, meta-analyses, and evidence-based clinical guidelines.
In addition, a model makes all the necessary information
availableinadynamic form, permitting “what if” analyses. This
could be of assistance to policy formulation. ALC