Journal of Medical Internet Research

Journal Impact Factor (JIF) (2023): 5.8
Volume 12 (2010), Issue 2 ISSN 1438-8871 Editor in Chief: Gunther Eysenbach, MD, MPH

Contents

Original Papers

Definition of Health 2.0 and Medicine 2.0: A Systematic Review (e18)
Tom Van De Belt, Lucien Engelen, Sivera Berben, Lisette SChOONhOVEN. . .. ... . e e 3

Effectiveness of Web-based Interventions on Patient Empowerment: A Systematic Review and Meta-analysis
(e23)

David Samoocha, David Bruinvels, Nieke Elbers, Johannes Anema, Allard van der BEeK. . . . . ...t e 35

Preventing the Obesity Epidemic by Second Generation Tailored Health Communication: An Interdisciplinary
Review (e24)

Heidi Enwald, Maija-Leena HUOLAT. . . . .. ... e e e e e e e e e e e e e e e e 67

Patient and Parent Views on a Web 2.0 Diabetes Portal—the Management Tool, the Generator, and the
Gatekeeper: Qualitative Study (e17)
Sam Nordfeldt, Lena Hanberger, Carina BEItero. . . . .. .. ..ottt et e e e e e e e e e 86

Mobile Therapy: Case Study Evaluations of a Cell Phone Application for Emotional Self-Awareness (e10)
Margaret Morris, Qusai Kathawala, Todd Leen, Ethan Gorenstein, Farzin Guilak, Michael Labhard, William Deleeuw. . . ....................... 98

Sharing Medical Data for Health Research: The Early Personal Health Record Experience (e14)
Elissa Weitzman, Liljana Kaci, Kenneth Mandl. . . . .. .. . e e 119

Sharing Health Data for Better Outcomes on PatientsLikeMe (e19)
Paul Wicks, Michael Massagli, Jeana Frost, Catherine Brownstein, Sally Okun, Timothy Vaughan, Richard Bradley, James Heywood. . .. ........ 129

Online Communication Between Doctors and Patients in Europe: Status and Perspectives (e20)
Silvina Santana, Berthold Lausen, Maria Bujnowska-Fedak, Catherine Chronaki, Per Kummervold, Janne Rasmussen, Tove Sorensen. ......... 141

Effects of a Financial Incentive on Health Researchers’ Response to an Online Survey: a Randomized
Controlled Trial (e13)

Paul Wilson, Mark Petticrew, Mike Calnan, Irwin Nazareth. . . . ... ... e e e e 155

An International Comparison of Web-based Reporting About Health Care Quality: Content Analysis (e8)
Olga Damman, Ylva van den Hengel, A van Loon, Jany Rademakers. . . . . . ...ttt e e 164

Supporting Informed Decision Making Online in 20 Minutes: An Observational Web-log Study of a PSA

Test Decision Aid (el5)
Natalie Joseph-Williams, Rhodri Evans, Adrian Edwards, Robert Newcombe, Patricia Wright, Richard Grol, Glyn Elwyn. .. ................... 185

Journal of Medical Internet Research 2010 | vol. 12 | iss. 2 | p.1

RenderX


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

Clinician Search Behaviors May Be Influenced by Search Engine Design (e25)
Annie Lau, Enrico Coiera, Tatjana Zrimec, Paul COMPION. . . . . ..ottt et e e e e e e e e e e e 196

Perspectives of Family Physicians on Computer-assisted Health-risk Assessments (e12)
Farah Ahmad, Harvey Skinner, Donna Stewart, Wendy LEeVINSON. . . . . . ...ttt e e e e e e e e 205

Dirt Cheap and Without Prescription: How Susceptible are Young US Consumers to Purchasing Drugs

From Rogue Internet Pharmacies? (el11)
Lana Ivanitskaya, Jodi Brookins-Fisher, Irene O"Boyle, Danielle Vibbert, Dmitry Erofeev, Lawrence Fulton. .. ............. ... ... ........... 217

Orginal Paper

Health Information Technology to Facilitate Communication Involving Health Care Providers, Caregivers,
and Pediatric Patients: A Scoping Review (e22)
Stephen Gentles, Cynthia Lokker, K MCKIDDON. . . . ... e e e 17

Review

Clinical Effects of Home Telemonitoring in the Context of Diabetes, Asthma, Heart Failure and Hypertension:
A Systematic Review (e21)
Guy Paré, Khalil Mogadem, Gilles Pineau, Carole St-Hilaire. . . . . ... ..o e e 52

Letter

The Touro 12-Step: A Systematic Guide to Optimizing Survey Research with Online Discussion Boards
(e16)
Eric Ip, Mitchell Barnett, Michael TENerowiCz, Paul PeITY. . . . . .ottt et e e e e e e e e e e e 232

Journal of Medical Internet Research 2010 | vol. 12 | iss. 2 | p.2

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Original Paper

Van De Belt et al

Definition of Health 2.0 and Medicine 2.0: A Systematic Review

Tom H Van De Belt!, MSc; Lucien JLPG Engelen’; Sivera AA Berben!, MSc; Lisette Schoonhoven?, PhD

1Regional Emergency Healthcare Network, Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands
2Scientific Institute for Quiality of Healthcare, Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands

Corresponding Author:

Tom H Van De Belt, MSc

Regional Emergency Healthcare Network
Radboud University Nijmegen Medical Centre
Internal postal code 4112

PO Box 9101

6500 HB Nijmegen

Netherlands

Phone: 31 243610455

Fax: 31 243619057

Email: tom.vandebelt@azo.nl

Abstract

Background: During the last decade, the Internet has become increasingly popular and is now an important part of our daily
life. When new “Web 2.0" technologies are used in health care, the terms “Health 2.0" or "Medicine 2.0 may be used.

Objective: The objectivewasto identify unique definitions of Health 2.0/Medicine 2.0 and recurrent topics within the definitions.

Methods: A systematic literature review of electronic databases (PubMed, Scopus, CINAHL) and gray literature on the Internet
using the search engines Google, Bing, and Yahoo was performed to find unique definitions of Health 2.0/Medicine 2.0. We
assessed al literature, extracted unique definitions, and selected recurrent topics by using the constant comparison method.
Results: We found atotal of 1937 articles, 533 in scientific databases and 1404 in the gray literature. We selected 46 unique
definitions for further analysis and identified 7 main topics.

Conclusions: Hesalth 2.0/Medicine 2.0 are still developing areas. Many articles concerning this subject were found, primarily
on the Internet. However, there is still no general consensus regarding the definition of Health 2.0/Medicine 2.0. We hope that

this study will contribute to building the concept of Health 2.0/Medicine 2.0 and facilitate discussion and further research.

(J Med Internet Res 2010;12(2):€18) doi:10.2196/jmir.1350
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Introduction

During the last decade, the Internet has become increasingly
popular and now forms an important part of our daily life [1].
In the Netherlands, the Internet is even more popular than
traditional media like television, radio, and newspapers [2].
Furthermore, theimpact of the Internet and other technological
developments on health care is expected to increase [3,4].
Patients are using search engines like Google and Bing to find
hedlth related information. In Google, five percent of all searches
are hedlth related [5]. Patients can express their feelings on
weblogs and online forums [ 3], and patients and professionals
can use the Internet to improve communication and the sharing
of information on websites such as Curetogether [6] and the
Dutch website, Artsennet [7] for medical professionals. Theuse

http://www.jmir.org/2010/2/e18/

of Internet or Web technology in health care is called eHealth
[1,8].

In 2004 the term “Web 2.0" was introduced. O’ Reilly defined
Web 2.0 as “a set of economic, social, and technology trends
that collectively form the basis for the next generation of the
Internet, a more mature, distinctive medium characterized by
user participation, openness, and network effects’ [9]. Although
there are different definitions, most have severa aspects in
common. Hansen defined Web 2.0 as “a term which refers to
improved communication and collaboration between peoplevia
social networking” [10]. According to both definitions, themain
difference between Web 1.0 (thefirst generation of the Internet)
and Web 2.0 is interaction [11]. Web 1.0 was mostly
unidirectional, whereas Web 2.0 alows the user to add
information or content to the Web, thus creating interaction.
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This is why the amount of “user-generated content” has
increased enormously [12]. Practical examples of user-generated
content are online communities where users can participate and
share content. Examples are YouTube, Flickr, Facebook, and
microblogging such as Twitter. Twitter, for example, improves
communication and the sharing of information among health
care professionals[13].

According to some critics, Web 2.0 is not a new generation of
the Internet becauseit is still based on old technologies such as
HTML, the predominant markup language. Therefore, the term
Web 2.0 simply describes renewal or evolution of these older
technologies or of the Internet itself [14,15]. Nonetheless, the
term Web 2.0 seemsto bewidely used and accepted. The search
engine Google recently found over 85,000,000 results for the
search string “Web 2.0 or Web2.0.”

When Web 2.0 technologies are applied in health care, theterm
Health 2.0 may be used. [16,17]. Other authors use the term
Medicine 2.0, which combines medicine and Web 2.0 [18].
There are many examples of Health 2.0/Medicine 2.0, such as
the websites Patientslikeme [19] and Hello Health [20].
Recently, the Dutch minister of health awarded a grant to the
website MijnZorgNet, which offers 23 virtual networksinwhich
patients and their caregivers communicate. The networks are
organized around specific patient categories. Successful
examples that preceded the project are a digital in vitro
fertilization (IVF) outpatient clinic [21,22] for couplesreceiving
IVF treatment, and the website Parkinson Net [23] for people
suffering from Parkinson’s disease. Both initiativeswere started
to enhance collaborative health care. Expected beneficial aspects
of these projects were improved quality and efficiency of care
[24]. Another concept that appears in the Health 2.0/Medicine
2.0 literature is “patient empowerment 2.0.” This has been
described as“the active participation of the citizen in hisor her
health and care pathway with the use of information and
communication technologies’ [25]. It is assumed that Health
2.0/Medicine 2.0 leads to empowerment of the patient, as
patients have easier access to health-related information and
thereby have better understanding of choicesthat can be made.

According to Hughes[16], no relevant differences exist between
Health 2.0 and Medicine 2.0. Eysenbach [ 18] agreed but stated,
“If anything, Medicine 2.0 isthe broader concept and umbrella
term which includes consumer-directed ‘medicine’ or Health
2.0.” More and also more specific definitions of Health 2.0 and
Medicine 2.0 exist [16,17]. However, these definitions seem to
have evolved together with the increased use of the definitions
and the different parties involved in Health 2.0 and Medicine
2.0. Ricciardi stated, “Everyoneistrying to grasp what Health
2.0 exactly is’ [26]. Does Hedlth 2.0 refer to patients or to
professionals or both? Does it focus on health care in general,
or does it address specific aspects of health carelike preventive
or curative care, acute or chronic illness? Severa authors
concluded that there is no authoritative definition of the term
yet, and Health 2.0 definitions and trand ationsin practice remain
murky and fragmented [27,28].

A clear definition is important for the development of new
Heath 2.0 or Medicine 2.0 initiatives and also for the
comparability of new developmentsin research. Therefore, the
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am of this study was to identify definitions of Health
2.0/Medicine 2.0 and to gain insight into recurrent topics
associated with these [abels.

Methods

We performed a systematic literature study to find unique
definitions of Health 2.0/Medicine 2.0 and identify and recurrent
topics discussed in conjunction with these terms.

Search Strategy

First, we searched the following el ectroni ¢ databases: PubMed,
Scopus, and CINAHL. For each database, we searched all
available years through September 2009. Since there was no
relevant MeSH term available for Health 2.0 or Medicine 2.0,
we used the following search terms: health 2.0, health2.0,
health20, medicine 2.0, medicine2.0, medicine20, Web 2.0,
Web2.0, Web20 (Table 1). We scanned the reference lists for
relevant articles (the snowball method), contacted individual
expertsin the field, and inquired after relevant publications.

Second, we searched for gray literature on the Internet using
the search engines Google, Bing, Yahoo, Mednar, and Scopus.
Mednar and Scopus were used because they focus on scientific
literature. Google, Bing, and Yahoo were used because these
are the most widely used search engines [29,30]. We used the
advanced search option, selected English as the preferred
language, and turned the option for regional differences off.
Based on earlier research [16], we expected a large number of
results. Therefore we added amore specified search string query
for Google, Yahoo, Bing, and Scopus (Table 2): “what ishealth
2.0,” “what is health2.0,” and “what is health20.” For Medicine
2.0weused: “what ismedicine 2.0, “what ismedicine20,” and
“what ismedicine20.” We studied thefirst 100 resultsin Google,
Bing, and Yahoo as these search engines display results by
relevance using a link analysis system or agorithms [31-33].
All searchesinthe gray literature were performed in November
2009.

Inclusion Criteria

Subsequently, a combination of three of the authors (TB and
LE and LS or SB) independently assessed the retrieved studies
and gray literature for inclusion. Sources were included if a
definition of Heath 2.0 or Medicine 2.0 was identified.
Disagreement over inclusion between the reviewerswas resolved
through discussion.

Data Extraction

TH and LE independently assessed the included studies and
gray literature and extracted unique definitions. A predesigned
table was used to ensure standardized data extraction. For each
definition we noted author, source, and year (Table 3). After
completing the table, we used the constant comparison method
to explore possible topics of Health 2.0 and Medicine 2.0 [34].
We independently analyzed the definitions and identified
recurrent topics by using “coding.” Described by Strauss and
Corbin, coding isan analytical processthrough which concepts
areidentified and dimensions are discovered in data[35]. The
results are displayed in Table 4.
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Table 1. Search strategy for scientific literature
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Database/ Search String: Details Hits  Reevant? Included®
Search
Engine:
PubMed “health 2.0” OR “heath2.0” OR “heath20” OR “medicine 2.0" OR 179 12 7
“medicine2.0” OR “medicine20” OR “Web 2.0" OR “Web2.0” OR “Web20"
CINAHL “health 2.0” OR “heath2.0” OR “heath20” OR “medicine 2.0" OR 199 4 0
“medicine2.0” OR “medicine20” OR “Web 2.0" OR “Web2.0” OR “Web20"
Scopus (TITLE-ABS-KEY (“health 2.0") OR TITLE-ABS-KEY (“medicine 2.0")) 29 6 5
OR(TITLE-ABSKEY (“hedth2.0") OR TITLE-ABS-KEY (“medicine2.0"))
OR (TITLE-ABS-KEY (“health20”) OR TITLE-ABS-KEY (“medicine20"))
(TITLE-ABS-KEY (“Web 2.0") OR TITLE-ABS-KEY (“Web2.0") OR TI-  Limited to subcate- 126 3 2
TLE-ABS-KEY (“Web20")) AND (LIMIT-TO(SUBJAREA, “MEDI”) OR  gories: medicine, health
LIMIT-TO(SUBJAREA, “HEAL") ORLIMIT-TO(SUBJAREA, “NURS’) professionals, nursing,
OR LIMIT-TO(SUBJAREA, “MULT")) multidisciplinary
Subtotal 533 25 14
Duplicates 5
Total 533 25 9
@ Relevant: number of relevant articles based on title, abstract, and keywords
b Included: number of included articles based on full article
Table 2. Search strategy for gray literature
Database/ Search String: Hits Relevant®  Included?
Search Engine
Google “health 2.0" OR “heath2.0” OR “heath20” 482000 28 13
“medicine 2.0” OR “medicine2.0” OR “medicine20” 155000 24 16
“what is health 2.0" OR “what is health 2.0" OR “what is health20” 99 29 25
“what is medicine 2.0” OR “what is Medicine 2.0” OR “what is medicine 20" 33 14 14
Bing “health 2.0" OR “health2.0” OR “heath20” 328000 4 4
“medicine 2.0” OR “medicine2.0” OR “medicine20” 62300 8 6
“what is health 2.0" OR “what is health 2.0" OR “what is health20” 477 26 24
“what is medicine 2.0” OR “what is medicine 2.0 OR “what is medicine 20" 31 12 11
Yahoo “health 2.0" OR “heath2.0” OR “heath20” 466000 17 9
“medicine 2.0” OR “medicine2.0” OR “medicine20” 45000 19 14
“what is health 2.0" OR “what is health 2.0" OR “what is health20” 583 21 21
“what is medicine 2.0” OR “what is medicine 2.0 OR “what is medicine 20" 121 14 12
Mednar “health 2.0" OR “heath2.0” OR “heath20” 329 27 10
“medicine 2.0” OR “medicine2.0” OR “medicine20” 12 13 5
Scopus TITLE-ABSKEY (“what isheath2.0") ORTITLE- ABS-KEY (“what ishedth2.0") ORTITLE- 23 3 0
ABS-KEY (“what is health20")
TITLE-ABS-KEY (“what ismedicine2.0") ORTITLE- ABS-KEY (“what ismedicine2.0’) OR 0 0 0
TITLE-ABS-KEY (“what is medicine20”)
Subtotal 1540008 262 184
Duplicates 149
Total 35

8Relevant: number of relevant articles based on title, abstract, and keywordsiin first 100 results
b ncluded: number of included articles based on full article
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Results

We scanned a total of 1937 articles, 533 found in scientific
databases and 1404 in the gray literature (Tables 1 and 2). We
selected 287 articles, 25 peer reviewed articles, and 262
non-scientific articles for further analysis. After selection and
removing duplicates, we distinguished 46 unique definitions of
Health 2.0 or Medicine 2.0 in 44 articles (Table 3). The length
of the definitions varied from 7 to 105 words. We found 42
definitions describing Health 2.0 [3,15-18,25-27,36-69] and
two definitions describing Medicine 2.0 [70,71]. Of the 44
articlesincluded, 8 included definitions of both Health 2.0 and
Medicine2.0[16-18,40,50,52,55,65]. From these 46 definitions,
we identified 7 main recurrent topics. patients, Web
2.0/technology, professionals, social networking, change of
health care, collaboration, and health information/content (Table
4). In the following paragraphs we describe these recurrent
topics from these definitions in more depth.

Patientsand Consumers

The first main topic was “patients’ or “consumers of health
care,” which wasfound in 35 definitions. Of these, 12 included
mention of either increased participation or empowerment of
patients. The following terms or phrases were identified:
increased consumer/patient participation [18,27,49,50,58],
patients can actively participate [63], and participatory [42,45],
patient empowerment or consumer empowerment [41,49,59,62].
The other 23 mentioned only patient or consumer involvement
and not the effects.

Web 2.0/Technology

The second main topic that appeared in 32 definitions from 30
articles was “Web 2.0” or “technology.” Terms varied from
“Web 2.0 [3,15,17,36,43,44,46,52,55,57,58,60,62,67,70], to
“Web 2.0 technology” [18,27,40,41,50,66,68], “technology”
[25,39,62-64], “ software” [42,51], “Web (based) tools’ [69,71],
and “ICT (information and communication technology)” [37].
Web 2.0 was seen as the total of available technologies that
stakeholders could use for communication and for sharing
information. One definition mentioned “mashing” of Web 2.0
concepts and tools [43]. “Mashing” was seen as combining two
or more Web 2.0 sources to create a new one. Other definitions
indicated that the concept of Health 2.0 originated from a
combination of the concepts “health” and “Web 2.0” [17,40].

Professionals

The third topic that was identified concerns “professionals’ or
“caregivers,” and wasfound in 26 definitions. Of the 46 included
definitions, five mentioned increased participation or
empowerment of professionals. Thefollowing termswere found:
“professional empowerment” [49,52,59], “empowerment of the
individual” [48], and “empowerment of the user” [3].

Besides patients and professionals, other stakeholders were
mentioned. However, they were mentioned less frequently and
therefore not included in Table 4 as individual topics. The
following stakeholders were mentioned: payers or providers
[36,44,52,61], medical and health science students [27,52],
biomedical researchers [18,44,49,50,52,71], entrepreneurs
[62,65], and government [44]. Other authors were less specific

http://www.jmir.org/2010/2/e18/
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with regard to stakeholders. They included “all stakeholders”
[38] or “others’ [43,51,57,66].

Social Networking

The fourth topic, the emergence of online communities and
socia networking, was reflected in 22 definitions. This was
described using different terminology. Definitions referred to
“online  communities”  [42,47,48,51,52,58,66], “social
communities’ [44], “networks’ [71], whereas others referred
to “online social networks” or “socid networking”
[18,26,36,43,50,59], “socia interaction” [36], “interactive
environments’ [58], or “intelligent interaction” [63]. Other
definitions focused more on technology: the terms used were
“social mediatools’ [60], “social media,” or “social software’
[38,46,56,59,69].

Two authors mentioned “transparency” or “openness’ [18,49].
An additional 2 definitions suggested that “ sharing” or “online
sharing” of medical information was part of Health 2.0 or
Medicine 2.0 [45,65].

Change of Health Care

Fifth, we found that change of health care was described by 15
definitions. According to the definitions, Health 2.0 means
change of hedlth care: “a whole new way of involving
consumers in the health care system” [64], “next generation of
health care services’ [67], “ new and better health system” [18],
“new concept of health care” [52], “all constituent focus on
health care value and on improving safety, efficiency and quality
of health care” [61], “shaping health care with Web 2.0 tools’
[17], and “ new wave of innovation” [62]. Change was described
differently: “reshaping health care’[17,42], “ever changing’
[66], “ continually evolving cycle’ [49], “ evolution of technology
and medical industry” [36], “evolution of health care” [41].
Change was also described as “revolutionary” [55], while
another author stated, “we should be careful not to assume that
arevolution has occurred in health care” [27].

We also found one author who referred to “ user generated health
care” [25].

Collaboration

The sixth topic, mentioned in 14 definitions, was collaboration.
In the Health 2.0 era, patients will actively contribute to their
own care process. Collaboration between professionals and
patients may improve. Terms varied from “collaboration”
[18,36,43,49,51,59,66,69], “ collaboratively” [27], “ collaborate”
[52,71], “collaborative practices’ [16], and “collaborate and
share knowledge” [70] to “working together” [39].

There were also other aspects described with regard to the
relationship among stakeholders. Patientswould transform their
role in health care [26] and would be on the same level of
playing field as other stakeholders [38]. A role change of
patients and professionals was also indicated. For example, the
following phrase was used: “doctor and patient positioned
together” [37]. Patients were described as*“ active contributors’
[55], “active and responsible partners’ [25], or “ active partners”
[42]. Another author mentioned “integration of patients and
stakeholders” [45].
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Health Information or Content “health information,” or “medical information”

Seventh and last, there was mention of health information or [27'36'37'42'45;‘48’53’63’65] to ‘,‘,content” [47], “dat&
content in 14 definitions. Terms varied from “information”  [26:44,71], and “user owned content” [58].
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Table 3. Definitions of Health 2.0 and Medicine 2.0

Author, Source, and Year of Definition

Whether Foundin Scientific  ppjication

Literature® or Gray

Literature®

Aller RD et a [36] (Gray) 2007 Theterm, boiled down to its most basic definition, refersto the evol ution of technol ogies and the medical

BosL et al [25] (Scientific)

BosL et a [37] (Scientific)

Bourre N [38] (Gray)

CadtillaV [39] (Gray)

Conn J[15] (Scientific)
Doherty | [27] (Scientific)

Dolan F [40] (Gray)

Dubay A [41] (Cray)

Eysenbach G [18]
(Scientific)

Eytan T [42] (Gray)

Facebook Health 2.0 Group

[43] (Gray)

Flock, B [44] (Gray)

Furst | [45] (Gray)

Gavgani VZ et a [70]

(Scientific)

Goel V [46] (Gray)

Goreman Jet a [47] (Gray)

industry itself to create the next generation of health care for consumers, providers, and payers dike.
Theterm is atake on Web 2.0, which refersto the evolution of the Internet from atool used essentially
for information gathering to one used for collaboration and social interaction.

2008 Health 2.0 is user generated Health care. What is foreseen is that the self-care information tool of the
future will be a combination between the patient's observation record and the Internet, with the doctor
and the patient positioned together at the intersection but not having to pay attention to the technology.

2008 Health 2.0 defines the combination of health data and health information with (patient) experience
through the use of ICT, enabling the citizen to become an active and responsible partner in his’her own
health and care pathway.

2009 Social media and conversations related to health care, where all stakeholders are on the same level of
the playing field.

Unknown Medicine 2.0 is about realizing the potential of today's technology in health care. Medicine 2.0 is about
working together. Medicine 2.0 is about getting closer to colleagues and patients.

2007 The health care derivate of the far more ubiquitous "Web 2.0."

2008 Web 2.0 Technol ogies provide members of the health community—health professionals, health consumers,
health carers, and medical and medical and health science students-with new and innovative ways to
create, disseminate, and share information both individually and collaboratively. This phenomenon has
been termed Health 2.0. There is no authoritative definition of the term yet. Health 2.0 isin itsinfancy
and we should be careful not to assume that a revolution has occurred in health care as aresult of these
new technologies and their various affordances.

2007 Health 2.0 isthe application of Web 2.0 technologiesin the area of health, while Medicine 2.0 isthe use
of Web 2.0 technologies in the area of medicine.

2007 Health 2.0 is the evolution of health care as aresult of consumer empowerment. Its definition ranges
from “applied Web 2.0 technology to health care” to “the next generation health care delivery.”

2008 Medicine 2.0 applications, services, and tools are Web-based services for health care consumers, care-
givers, patients, health professionals, and biomedical researchers, that use Web 2.0 technol ogies and/or
semantic web and virtual-reality tools, to enable and facilitate specifically socia networking, participation,
apomediation, collaboration, and openness within and between these user groups. Or in broader concept:
medicine also stands for a new and better health system, which emphasizes collaboration, participation,
apomediation, and openness, as opposed to the traditional, hierarchical, closed structures within health
care and medicine. Medicine 2.0 is the broader concept and umbrella term, which includes consumer-
directed "medicine" of Health 2.0.

2008 Health 2.0 is participatory health care. Enabled by information, software, and community that we collect
or create, we the patients can be effective partnersin our own health care, and we the people can partic-
ipate in reshaping the health system itself.

2007 Health 2.0 is the mashing of Web 2.0 concepts and tools to health care industry, including social net-
working to promote better collaboration between patients, their caregivers, medical professionals, and
othersinvolved in the health care industry.

2008 Health 2.0: Expand initial Health care 2.0 concept (Web 2.0 featuresto health care; ratings, search, social
communities, and consumer tools) to include entire Health ecosystem (payers, providers, employers,
consumers, life sciences entities, government: anyone who can contribute meaningful data.)

2008 Health 2.0 is participatory health care characterized by the ability to rapidly share, classify, and summarize
individua health information with the goals of improving health care systems, experiences, and outcomes
viaintegration of patients and stakeholders.

2008 Medicine 2.0 isthe latest approach to ensure better health system and well-being of the humanity, in
other words, “health for all,” and ahealthy community. The devel opment of Medicine 2.0 grossly depends
on the application of Web 2.0 sciences.

Unknown Health 2.0 is the use of social media and other technologies to improve communication in health care.
These platforms may be used to connect patients with patients, doctorswith other professionals, or patients
with doctors. The Health 2.0 movement is about enhancing communication to improve the focus and
results of the health system on the patientsit serves.

2008 Health 2.0: The combination of content and community.
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Author, Source, and Year of Definition

Whether Foundin Scientific  ppjication

Literature® or Gray

Literature”

Halper R [48] (Gray) 2007 The empowerment of the individual to have access to detailed objective health care information primar-
ily, though not exclusively, using search engine sites and like-minded communities of patients and
physicians.

Hawker M [49] (Gray) 2008 Health 2.0 isacontinually evolving cycle of health care innovation enabled by the empowerment of the

Healthcaremanagementblog
[50] (Gray)

Holt M [51] (Gray)

Hughes B [16] (Scientific)

Jessen W [52] (Gray)

Levine C[53] (Gray)

Mesko B [17] (Gray)

Maun C [54] (Gray)

Moturu ST et a [55]
(Scientific)

Rampy A [56] (Gray)
Randeree E [3] (Scientific)

Ricciardi L [26] (Gray)

Richlovsky P [58] (Gray)

RN Centra [57] (Gray)

public, patients, health care providers and suppliers, and researchers through increased collaboration,
participation, apomediation, feedback and transparency of value-enabled health care interactions.

2008 Health 2.0 aka Medicine 2.0 aka eHealth, can be broadly defined as “ applications, services, and tools
are Web-based services for health care consumers, caregivers, patients, health professionals, and
biomedical researchers, that use Web 2.0 technologies as well as semantic web and virtual reality tools,
to enable and facilitate specifically social networking, participation, apomediation, collaboration, and
openness within and between these user groups.”

2007 The use of social software and lightweight tools to promote collaboration between patients, their care-
givers, medical professionals, and other stakeholdersin health.

2008 Health 2.0 and Medicine 2.0 were found to be very similar and subsume five major salient topics: (1)
the participants involved (doctors, patients, etc); (2) itsimpact on both traditiona and collaborative
practicesin medicine; (3) itsability to provide personalized health care; (4) its ability to promote ongoing
medical education; (5) its associated method- and tool -related i ssues, such as potential inaccuracy in end
user-generated content. Difference Health 2.0 and Medicine 2.0 with eHealth, the key distinctions are
made by the collaborative nature of Health 2.0 and Medicine 2.0.

2008 Medicine 2.0 is the science of maintaining and/or restoring human health through the study, diagnosis,
and treatment of patients utilizing Web 2.0 Internet-based services, including Web-based community
sites, blogs, wikis, social bookmarking, folksonomies (tagging) and Really Simple Syndication (RSS),
to collaborate, exchange information, and share knowledge. Physicians, nurses, medical students, and
health researchers who consume Web media can actively participate in the creation and distribution of
content, helping to customize information and technology for their own purposes.

Health 2.0, anew concept of health care, also utilizes Web 2.0 Internet-based services but is focused on
health care value (meaning outcome/price). Patients, physicians, providers, and payers use competition
at the medical condition level over the full cycle of care as acatalyst for improving safety, efficiency,
and quality of health care delivery. The goal of both of these movementsis the delivery of optimal
medical outcomes though individualized care.

2009 Health 2.0 = anoun that describes user-generated health care content. Spurred by sites like YouTube,
Facebook, and Wikipedia, millions are logging on to contribute information and opinions on everything
from medications, health professionals, treatment options, side effects, flu pandemics, and best drug
practices.

2007 Medicine 2.0 = Web 2.0 + medicine (focusing on doctor-patient communication and technologies).
Health 2.0 = Web 2.0 + health care (focusing on shaping health care with Web 2.0 tools and concepts).

2009 Health 2.0 can be broadly defined as interactive applications, services, and tools that are Web-based
services for health care consumers, caregivers, patients, and health professionals.

2008 Like the Web 2.0 revolution changed the user from a passive consumer to an active contributor, asimilar
metamorphosis being termed as Health 2.0 or Medicine 2.0 would extend the role of information seeking
users to include dissemination of experiences and acquired knowledge.

2008 Health 2.0 = the merging of social mediainto heath care.

2008 Health care 2.0 can be defined as a network of (Web 2.0) applications and services that empower the
user and are delivered through the web as a platform.

2008 Its grassroots push through which patients are using socia networks and other tools to generate their
own health data and transform their role vis avis the health care system. Quite honestly, everyoneis
still trying to figure out exactly what Health 2.0 is.

2007 Basically, Health 2.0 is a takeoff of Web 2.0, and it aludes to health websites that incorporate Web 2.0
principles of encouraging user-generated and user-owned content, participation, and community-building
in rich, interactive environments.

2008 Health 2.0 embracestheideaof bringing health care into the community of medical professionals, patients,
and thosein the health careindustry together with technology and the Internet to provide the best possible
health care environment.
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Author, Source, and

Whether Found in Scientific

Literature® or Gray
Literature”

Year of

Publication

Definition

Sarashon-Kahn J[59]
(Gray)

Sharp J[60] (Gray)

Shreeve S[61] (Gray)

Spoetnik L [71] (Gray)

Stoakes U [62] (Gray)

Susheel-Ommen J[3]
(Gray)

Tenderich A [64] (Gray)

Torrey T [65] (Gray)

Venn D [66] (Gray)

Weisbaum W [67] (Gray)

Williams P [68] (Gray)

2007

2009

2007

2009

2008

2007

2009

2008

2008

2007

Unknown

Wright-Mark S[69] (Gray) 2008

Socia mediaon the Internet are empowering, engaging, and educating consumers and providersin health
care. This movement, known as Health 2.0, can be defined as: The use of social software and its ability
to promote collaboration between patients, their caregivers, medical professionals, and other stakeholders
in health.

Health 2.0 evolved more recently and focuses on Web 2.0 tools, especially socia mediatools, and their
usein headlth care.

Health 2.0: New concept of health care wherein all the constituents (patients, physicians, providers, and
payers) focus on health care value (outcomes/price) and use disruptive innovation as the catalyst for in-
creasing access, decreasing cost, and improving the quality of health care.

Medicine 2.0 is the use of a specific set of Web tools (blogs podcasts, tagging, search, wikis, etc) by
actorsin health care, including doctors, patients, and scientists, using principles of open source and
generation of content by users and the power of networksin order to personalize health care, collaborate,
and promote health education.

Headlth 2.0: A new wave of innovationin health care asaresult of changing trendsin technology, consumer
empowerment, and growing entrepreneurialism at atime when the health care system is spiraling out of
control. These converging trends have created an environment for entrepreneurs, start-up companies,
innovative thinkers, health professional's, and consumers to rethink how to solve today’s biggest health
care challenges. Health 2.0 is about coming up with new ideas and rethinking what's possible.

Health 2.0 derives its definition from the definition of Web 2.0, where the technologies used allowed
intelligent interaction between the users and the deployed solutions. Currently available technologies
allow usersto actively participate and contribute to the information that is front-ended using Web inter-
faces.

It's both an explosion in new Web-based personal health technol ogies and awhole new way of involving
consumers in the health care system.

Medicine 2.0 or Health 2.0 are terms used to describe the massive Internet-sharing of health and medical
information among everyone with interest, from health and medical professionals, to patients, to care-
givers, to the businesses (pharmaceutical manufacturers, health insurance) which support them. The two
terms, Medicine 2.0 and Health 2.0, are often used interchangeably. However, there is a distinction.
Medicine 2.0 usually refers to the science of medicine and the practice of treating or curing patients.
Health 2.0 is focused on the business of health in general including the delivery, the quality, the safety,
and the cost or efficiency of the people, a practice, or facility.

Health 2.0isan emerging concept of health care that uses Web 2.0 technol ogies to promote collaboration
between patients, physicians, health care professionals, and other members of the health community. Its
application isever-changing, and the evidence for its effectivenessisstill raw, but there'salot of potential
for this type of new technology to improve mental health education and mental health care.

Health 2.0 is the use of movement to harness the technology of Web 2.0 for the delivery of the next
generation of health care services.

Health 2.0 is the use of Web technology to deliver consumer-driven health services. It uses the same
Web 2.0 technology that drives the successful Internet services such as Ebay, Facebook, Expedia, and
Amazon.

Health 2.0 isanew concept of health care that employs social software and other Web-based tools to
promote collaboration between patients, their caregivers, medical professionals, and other stakeholders
in health careto create a better, more knowledgeable and cost effective environment for better well-being.

2| ocated with search of the followi ng databases. PubMed, Scopus, and CINAHL
b1 ocated usi ng the search engines Google, Bing, Yahoo, Mednar, and Scopus
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Table 4. Recurrent topics of Health 2.0 and Medicine 2.0
Author and Definition of Health2.0 (H2) Topics

and/or Medicine 2.0 (M2)
Author H2 M2 Patientsand Web Professionas Socia Change  Collaboration  Health
Consumers 20 Networking Information or
Content

Aller RD et al [36] * * * * * * * *
BosL etal [25] * * * *
BosL et al [37] * * * *
Bourre N [38] * *
CastillaV [39] * * * * *
Conn J[15] * *
Doherty I. [27] * * * * * * *
Dolan F [40] oo *
Dubay A [41] * * * *
Eysenbach G [18] * * * * * * * *
Eytan T [42] * * * * * *
Facebook Health 2.0 Group  * * * * * *
[43]
Flock, B [44] * * * * * *
Furst | [45] * * * *
Gavgani VZ et a [70] * * *
Goel V [46] * * * * *
Goreman Jet a [47] * * *
Halper R [48] * * * * *
Hawker M [49] * * * * *
Hedlth caremanagementblog  * * * * * * *
(50]
Holt M [51] * * o * *
Hughes B [16] * * * * *
Jessen W [52] * * * * *

* * * * *
Levine C[53] * * *
Mesko B [17] * * * * *

 x * * *
Maun C [54] * * *
Moturu ST et al [55] * * *
Rampy A [50] * *
Randeree E [3] * * *
Ricciardi L [26] * * *
Richlovsky P [58] * * * *
RN Central [57] * * * *
Sarashon-Kahn J[59] * * * * *
Sharp J[60] * * *
Shreeve S[61] * * * *
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Author and Definition of Health 2.0 (H2) Topics
and/or Medicine 2.0 (M2)
Author H2 M2 Pdaientsand Web Professionals Social Change  Collaboration  Health
Consumers 20 Networking Information or
Content
Spoetnik L [71] oo * * * * *
Stoakes U [62] * * * * *
Susheel-Ommen J [63] * * * * *
Tenderich, A [64] * * * *
Torrey T [65] * * * * *
Venn D [66] * * * * * *
Weisbaum W [67] * * *
Williams P [68] * *
Wright-Mark S [69] * * * * * *
Discussion facilitator for Health 2.0/Medicine 2.0, but not a necessity.

This literature search resulted in 46 unique definitions in 44
articles of Health 2.0/Medicine 2.0 in scientific databases and
gray literature on the Internet. We distinguished seven recurrent
topics: Web 2.0/technology, patients, professionas, socia
networking, health information/content, collaboration, and
change of health care.

This study showed that the use of the terminology differed
among the definitions mentioned in literature. The term Health
2.0 was included in 42 definitions, 10 definitions mentioned
Medicine 2.0, and 6 definitions described Health 2.0 and
Medicine 2.0 as egual. There were 36 definitions that only
mentioned the term Health 2.0, and only 4 definitions that
described Medicine 2.0. Although some authors indicated that
litle or no differences existed between the two terms
[16,18,27,55], others saw differences, for examplethat Medicine
2.0isfocused on the relation between professionals and patients
whereas Health 2.0 is focused on health care in generd
[17,52,65]. As most definitions described Health 2.0, thisterm
may be more widely used and accepted than Medicine 2.0.

Overall, we found that the term Web 2.0 was mentioned often:
33 authors used the term directly in the definition, which
suggests that they accepted this concept. However, others state
that Web 2.0 does not exist at all [72]. Authors' interpretations
of the meaning of Web 2.0 influenced their definitions of Health
2.0/Medicine 2.0 profoundly. We generally distinguished two
meanings of Web 2.0. Thefirst meaning isthat Web 2.0 isaset
or “mashing” (ie, acombination) of technological developments
[51,58]. The second meaning isthat Web 2.0 isanew generation
of the Internet where interaction is important, with more
user-generated content that empowers people. In this
interpretation, technology, or the mashing of different
technologies, is only a tool, and Web 2.0 is more than
technology. These meanings result in different definitions of
Health 2.0/Medicine 2.0. A number of definitions referred to
the technological developments embedded in health care,
whereas other definitions stated that Health 2.0/Medicine 2.0
is a new generation of health care. We believe Web 2.0 is a

http://www.jmir.org/2010/2/e18/

Indeed, patients can still access health related information
without Web 2.0; for example, a patient can go to alibrary and
become well-informed without Web 2.0 technology. However,
this would be far more difficult than becoming well-informed
through the use of Web 2.0 technology. Second, the topic of
stakeholders reflects who the main players are in the field of
Hedlth 2.0/Medicine 2.0. The two main stakeholders we
distinguished were patients or consumers, mentioned in 35
definitions, and professionals or caregivers, mentioned in 26
definitions. Interestingly, other stakeholders such as payers of
health care, scientists, students, and entrepreneurs were
mentioned less frequently, whereas the government was only
mentioned once. This is particularly interesting as the
government has great influence on health care and changesin
health care. Apparently the government isnot yet an active party
in the development of Health 2.0/Medicine 2.0.

Alsointeresting was that most definitionsfocused ontherelation
between patients and professionals. With Health 2.0/Medicine
2.0, patients and professionals were seen to collaborate, with
patients transforming their role in health care using social
networks and access to health information. Moreover, other
relationships might also change; for example, the appearance
of online communities could change the relationship between
health professionals and specific groups of patients. This has
been termed collaborative health care [18].

Finally, it is expected that Health 2.0/Medicine 2.0 will lead to
change of health care. Expectations concerning the speed of
this change ranged from a “gradual shift” [27], an “ever
changing” [66] or “continuous interactive process’ [49] to
“revolution” [55]. However, we advise caution in assuming that
arevolution hastaken place[27]. It may bethat communication,
information exchange, and patients' contribution to his or her
care hasimproved or accelerated, but according to Engelen [8],
no fundamental changesin health care have yet occurred.

Authors of a Health 2.0/Medicine 2.0 definition generally
seemed to approach the definition from their own perspective.
For example, patients or patient federations saw patients asthe
main stakeholder and focused on empowerment of the patient.
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That is, definitions may beinfluenced by different stakeholders
agendas. Therefore, it is important for future Health
2.0/Medicine 2.0 researchersto incorporate al stakeholdersand
thereby include all possible views and perspectives.

Limitations

Our study has some limitations. First, we found 46 unique
definitions, mostly inthe gray literature, using the Internet. Only
9 definitions were found in peer-reviewed articles in the
scientific literature. This can be explained by thefact that Health
2.0/Medicine 2.0 is a relatively new concept and is till
developing. However, it is important to realize there is no
evidence-based method available to determine the quality of
online content yet. Consequently, proper assessment of the value
of the definitions we found was not possible.

Second, it appeared that searches using Google, Bing, and
Yahoo showed many results. Although these search engines
displayed results by relevance using algorithms and ranking
systems, we may have missed unique definitions as we only
studied the first 100 results.
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Finally, the exact way search engines display results remains
unclear. The process can be seen as a black box. As a result,
reproduction of searches is far from optimal, as the results
literally change every second. Therefore, one might question
the suitability of these search engines for scientific research.
However, by combining the results of Google, Bing, and Yahoo
and using four search queries, we believe we found the majority
of al relevant definitions in the gray literature.

Conclusion

Health 2.0/Medicine 2.0 is till adevel oping concept. Our study
identified 46 unique definitions of Health 2.0 and Medicine 2.0
with seven recurrent topics. Web 2.0/technology, patients,
professionals, social networking, health information/content,
collaboration, and change of health care. There is no general
consensus of the definition of Health 2.0/Medicine 2.0 yet. We
hope that this study will contribute to building the concept of
Health 2.0/Medicine 2.0 and facilitate future discussion and
research to achieve a clear conceptual framework.
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Abstract

Background: Pediatric patients with health conditions requiring follow-up typically depend on a caregiver to mediate at least
part of the necessary two-way communication with health care providers on their behalf. Health information technology (HIT)
and its subset, information communication technology (ICT), areincreasingly being applied to facilitate communication between
health care provider and caregiver in these situations. Awareness of the extent and nature of published research involving HIT
interventions used in thisway is currently lacking.

Objective: Thisscoping review was designed to map the health literature about HIT used to facilitate communication involving
health care providers and caregivers (who are usually family members) of pediatric patients with health conditions requiring
follow-up.

Methods:  Terms relating to care delivery, information technology, and pediatrics were combined to search MEDLINE,
EMBASE, and CINAHL for the years 1996 to 2008. Eligible studies were selected after three rounds of duplicate screening in
which all authors participated. Data regarding patient, caregiver, health care provider, HIT intervention, outcomes studied, and
study design were extracted and maintained in a Microsoft Access database. Stage of research was categorized using the UK'’s
Medical Research Council (MRC) framework for devel oping and eval uating complex interventions. Quantitative and qualitative
descriptive summaries are presented.

Results: Weincluded 104 eligible studies (112 articles) conducted in 17 different countries and representing 30 different health
conditions. The most common conditions were asthma, type 1 diabetes, special needs, and psychiatric disorder. Most studies (88,
85%) included children 2 to 12 years of age, and 73 (71%) involved home care settings. Health care providers operated in hospital
settings in 96 (92%) of the studies. Interventions featured 12 modes of communication (eg, Internet, intranets, telephone, video
conferencing, email, short message service [SMS], and manual downloading of information) used to facilitate 15 categories of
functions (eg, support, medication management, education, and monitoring). Numerous patient, caregiver, and health care relevant
outcomes have been measured. Most outcomes concerned satisfaction, use, usahility, feasibility, and resource use, athough
behavior changes and quality of life were also reported. Most studies (57 studies, 55%) were pilot phase, with alesser proportion
of development phase (24 studies, 23%) and evaluation phase (11 studies, 11%) studies. HIT interventions addressed several
recurring themes in this review: establishing continuity of care, addressing time constraints, and bridging geographical barriers.

Conclusions: HIT used in pediatric care involving caregivers has been implemented differently in a range of disease settings,
with varying needsinfluencing the function, form and synchronicity of information transfer. Although some authors have followed
a phased approach to development, evaluation and implementation, a greater emphasis on methodological standards such asthe
MRC guidance for complex interventions would produce more fruitful programs of development and more useful evaluationsin
the future. This review will be especially helpful to those deciding on areas where further development or research into HIT for
this purpose may be warranted.
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Introduction

The US Ingtitute of Medicine (IOM) has produced severa
important documents that have had substantial influenceon US
health care. One of these documents, titled Crossing the Quality
Chasm: A New Health System for the 21st Century, posits that
redesign of the health care process by administrators, health
professionals, and patients is needed. The report lays out ten
rules with which these players should work. The first of these
rulesis:

Patients should receive care whenever they need it
and in many forms, not just face-to-face visits. This
rule implies that the health care system should be
responsive at all times (24 hours a day, every day)
and that access to care should be provided over the
Internet, by telephone, and by other meansin addition
to face-to-face visits[1].

Pediatric patients with health conditions requiring follow-up
and their caregivers (unpaid, including family members and
school personnel) is probably the group that can most benefit
from what the |IOM callsthe " continuous healing relationship.”
Children in need of ongoing medical care are typicaly
dependent on acaregiver to mediate at |east part of the necessary
two-way communication with health care providers. Many of
the common chronic diseases in children, such as asthma and
type 1 diabetes, can deteriorate rapidly and have serious
complications. Parents or other caregivers must rely on
observations and intuition to assesswhen moreor different care
isneeded or if ahealth care provider's attention must be sought.
Information gathering and transmission are vitally important to
parents whose children require care and oversight from
pediatricians and primary care providers. The needs of all
involved in the care of pediatric patients have been supported
in various ways by health information technology (HIT). HIT
isincreasingly being used and studied for itsroleininformation
transfer and hedlth care delivery for pediatric patients in
community and home care settings, often with involvement of
parents and other caregivers.

The Robert Woods Johnson Foundation described HIT as "the
use of avariety of el ectronic methodsfor managing information
about the health and medical care of individuals and groups of
patients [2]." Chaudhry and colleagues, in a seminal review of
the evidence supporting HIT, showed that HIT can improve the
quality and delivery of care although much research remainsto
be done, especially in specific disciplines and outpatient and
home settings [3].

An important subset of HIT includes applications used for
communication between people, often patients or caregivers
and health care providers. This subset of HIT is sometimes
termed “information communication technology” or ICT. ICT
isubiquitous, and itsplacein daily livesis growing. One major
segment of ICT isin health and wellness. Health ICT can be a

http://www.jmir.org/2010/2/e22/

simpleweb page or text message to report blood glucose levels.
It can a so be complex gene analysesto predict future health in
newborns, national electronic health records systems, or
automatic international outbreak data gathering and reporting
mechanisms. ICT function can be data gathering and analyses,
monitoring and alerting (eg, breathing monitors in premature
infants), diagnosis and treatment at distances (eg, teledermatogy,
telesurgery, or telepsychiatry), or communication. In pediatrics,
this communication function is especially important in acontext
where children with health care needs require caregiver
mediation for management of their care.

Because the term ICT is rarely used in the HIT literature
currently and was not used in any of the studiesin this review,
we have opted to use the more general term, HIT, in the rest of
this paper. Wedescribe | CT asaseparate subset of HI T because
wefeel thisterm will be adopted more frequently in the future,
especialy to describe studies such as the ones included in this
review.

Awareness of the extent and nature of published research
involving such interventions (henceforth HIT) is currently
lacking. We conducted a scoping study with the objective of
mapping the hedalth literature about HIT used to facilitate
communication involving health care providers and caregivers
of pediatric patients with health conditions that require
follow-up.

Theterm “scoping study” can refer to abroad range of activities
and has so far only been defined imprecisely. Mays and
colleagues proposed that, “ scoping studies aim to map rapidly
the key concepts underpinning a research area and the main
sources and types of evidence available [4].” Thistype of study
has aso been characterized as aform of literature review that
differs from systematic reviews because it “tends to address
broader topics where many different study designs might be
applicable [5].” More recently, Anderson and colleagues
developed the concept further by illustrating the different
elements or categories of activity that scoping studies could
engender. These include literature mapping, conceptual
mapping, and policy mapping. According to their categorization,
the current study qualifies as a literature map “designed to
provide an initial indication of the size and location of the
literature relating to a particular topic as a prelude to a
comprehensive review of the literature [6].”

Methods

The methods for this scoping review were guided by standard
review methods and those described by Arksey and O’ Malley
[5]. Iterative decisions about data collection, fields for
extraction, analysis, and so on, were discussed in meetings
attended by the authors and documented in a study log.
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Search and Selection

Thisreview wasrestricted to primary studies of HIT applications
used in pediatric care to support communication that involved
patients' caregivers and health care providers.

Searches were informed by 6 seed articles [7-12] and other
published searches in relevant reviews of HIT [13-15]. The
search approach combined termsrelating to the concepts of care
delivery, information technology, and pediatrics (Multimedia
Appendix 1). MEDLINE, EMBASE, and CINAHL databases
were searched on January 22, 2008 and again on February 2,
2009 for articles published between 1996 and 2008. The search
waslimited to studiesin English and excluded | etters, editorials,
and newsitems.

Table 1. Iterative digibility criteria

Gentleset a

Inclusion and exclusion criteria for this complex topic were
developed and applied iteratively over three rounds of duplicate
screening involving al authors (Table 1). In the first round,
titles and abstracts were screened inclusively to retain any
articles featuring communication, information technol ogy, and
pediatrics. In the second round, abstracts and full text of the
articles were reviewed to determine whether electronic
technology (including telephone) was used to facilitate
communication, and whether there was communication of some
sort involving caregivers and health care providers. The third
screen occurred during data extraction, when each additional
criterion was applied iteratively to the retained set of articles.
Publications that studied the same intervention in the same set
of patients were matched and classified as a single study.

Exclusion Criteria

Inclusion Criteria

First
screen

Telephone or email was used for survey or trial recruitment
purposes

Acute diseases and other conditions not requiring follow-up,
including vaccinations

HIT used for epidemiological or public health purposes

Telemedicine applications where communi cation was entirely
among health care providers

Prenatal patients

Second
screen

No communication that involved both caregiver and health
care provider

No electronic technology used to communicate
Communication while parties were face-to-face

Third
screen

Telephonetriage services not explicitly dedicated to chronic
diseases or conditions requiring follow-up

Large programs of which telephonewas only asmall element

Electronic health records that allow access by caregivers

Patient or caregiver use of HIT in settings other than the home, including
emergency departments (EDs) or health care provider offices

Telephone triage services

Computer kiosksin health care settings

Studies of healthy patients, provided the HIT intervention was intended for
chronic disease

Data Extraction

Microsoft Accesswas used to develop aform for dataextraction.
Initial fields and their definitions were devel oped and recorded
in an accompanying guide based on 6 seed articles [7-12] and
a sample of 30 abstracts of articles included in the first round
of screening. Data regarding the patient, caregiver, health care
provider, HIT intervention, outcomes studied, and study design
were extracted from the full text (by SG) and maintained in a
Microsoft Access database.

To help summarize the heterogeneity in the study types, we
used the framework proposed in the UK’s Medical Research
Council (MRC) guidancefor devel oping and eval uating complex
interventions [16]. The majority of studiesin this review were
of complex interventions, defined by the guidance asthosewith
several interacting components and severa possible features
that make them complex. According to MRC, these features
include:

http://www.jmir.org/2010/2/e22/

«  Number of and interactions between components within
the experimental and control interventions

« Number and difficulty of behaviors required by those
delivering or receiving the intervention

«  Number of groups or organizational levels targeted by the
intervention

«  Number and variability of outcomes

- Degree of flexibility or tailoring of the intervention
permitted [ 16]

The MRC framework consists of a continuum of four research
phases, which may be non-linear: development, feasibility and
piloting, evaluation, and implementation. The guidance stresses
theimportance of reporting of all stages of research and cautions
against focusing too heavily on the evaluation phase while
neglecting the others. We categorized each study into one of
these phases to give an estimate of how each oneis represented
in this area of HIT research. Definitions of each phase were
developed iteratively to fit the studies we categorized in this
review while remaining as consistent with the original MRC
definitions as possible (Table 2).
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Table 2. Definitions of the research phases adapted from the MRC guideline for complex interventions [16] used to classify studies

Research Phase

Definition

Development phase

Piloting phase

Evaluation phase

Implementation

Studies in the devel opment phase are those that investigate intervention design-related outcomes (satisfaction, feasibility, us-
ability) before the intervention has reached a deployable state of development. Also included are theoretical and modeling
studies or reports limited to describing the technology or user interactions with it.

Studiesin the piloting phase are those that investigate intervention design-related outcomes when it is a question of refining
theintervention after it hasreached arel atively complete stage of devel opment. User-related outcomes (behavior change, resource
use, clinical outcomes, quality of life) are often measured in the same study. Feasibility and pilot studiesthat feature user-related
measures are differentiated from full-scale evaluations (below) if their outcomes are less important (eg, process outcomes),
sample sizeis small, or alessrigorous study design is used. Some studies reported the adaptation of an existing technology
(eg, video-conferencing for telemedicine) for aparticul ar disease, using acase study format where patient outcomes are described.
Although these studies do not involve aprogram of devel opment, they were categorized asfeasibility and piloting studies because
they report user-related outcomes.

Studies in the evaluation phase are those that evaluate important user-rel ated outcomes that use one of the more rigorous
available study design options and have alarge sample size.

Studies in the implementation phase are those that evaluate user-related outcomes for an intervention that is well established

phase (eg, in use for more than 2 years) or for which afull-scale evaluation has been published. As many implementation efforts are
not reported, it was expected that this phase would have low representation.
Analysis Results

Queries were run in Microsoft Access to summarize the data
guantitatively. Also, aqualitative descriptive approach was used

Study Characteristics

to summarize how HIT was used and studied in the four most We identified 104 studies (112 articl eS) ellgl ble for inclusion
h|gh|y represented disease contextsin our Sudy (Flgure 1) Reprmted are 30 different health conditions, with

asthma, diabetes, special needs and mental health being the
most common. Although 17 countries are represented, the
majority of studies were conducted in the United States (Table
3).
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Figure 1. Search and screening results

17,166 references identified from
EMBASE, CINAHL, MEDLINE, and
bibliographies

Gentleset d

2356 duplicates removed

v

First screen: 14,810 references
screened (title and abstract)

!

Second screen: 447 articles
assessed for eligibility (full text)

282 excluded by second screen

'

Third screen: 165 articles

abstracted (iterative decision rules)

53 excluded by third screen

v

112 articles corresponding to
104 unique studies
included in review
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Table 3. Proportional distribution (percent) of studies by disease and country (N = 104)

Gentleset a

Total United Austrdia Canada United Italy Other®
States Kingdom

(n) % (n) % (n) % (n) % (n) % (n) % (n) %

(104) 100  (53) 51 (15) 14 (12) 12 (6) 6 44 (14) 13
Asthma[8,9,17-32] (18) 17 (12) 12 (22 - - (4) 4
Type 1 diabetes [33-43] (12) 12 (6)6 - M1 D1 44
Special needs [44-55] (11) 11 (N7 (11 D1 1 (11
Psychiatric disorder [56-67] (10) 10 @4 M1 22 1 - -
Various diseases [68-74] M7 (55 M1 - - M1
Cancer [75-79] (5)5 22 33 - - -
Cardiac disorder [80-84] 44 - - D1 33 - -
Sudden infant desth syndromerisk [85-88] (4) 4 ?3)3 - - - @1
Burns [89-91] (3)3 - (22 - - (11
Complex health care needs post-discharge  (3) 3 - - ?3)3 - -
[92-94]
Speech-language pathology [95-97] 33 @1 @1 @1 - -
Chronic kidney disease (diaysis) [98,99] (2) 2 - - - 22 -
Cystic fibrosis[100,101] 22 D1 M1 - -
Epilepsy [102,103] (22 22 - - -
Traumatic brain injury [10,104-107] 22 22 - - - -
Very low birth weight [108,109] 22 22 - - - -
Other® (14) 13 (6)6 @1 (55 - - 22

8 Diseases that were the topic of only 1 study that met the inclusion criteria: Anorexia nervosa (Canada) [110], endocrine (Australia) [111], feeding
disorders (United States) [112], gastroenterological (United States) [113], hemophilia(Canada) [114], HIV (United States) [115], hypertension (Greece)
[116], medical and surgical problems (Canada) [117], recurrent pain (Canada) [118], respiratory failure (Japan) [119], rheumatol ogical disease (United
States) [7], scoliosis (Canada) [120], sickle cell anemia (United States) [121], vascular infusion (United States) [122].

b Countriesfromwhich only 1 or 2 studiesmet theinclusion criteriac Germany (2; SIDS, diabetes), Netherlands (2; asthma), Norway (2; burns, diabetes),
France (1; diabetes), Greece (1; hypertension), Ireland (1; special needs), Israel (1; asthma), Japan (1; respiratory failure), Multiple (1; type 1 diabetes),

Spain (1; various), Taiwan (1; asthma).

Participants

Of the 104 included studies, 88 (85%) included non-infant
children (2to 12 years of age), while 94 (90%) included children
or adolescents (2 to18 years of age). Adults were also included

http://www.jmir.org/2010/2/e22/

RenderX

in5 (5%) of the studies. Caregivers consisted of family members
(generally parents) in 102 (98%) of the studies and included
school personnel in 7 (7%) of the studies. Characteristics of
study patients, providers, and settings are shown in Table 4.
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Table 4. Percent of studies with selected participant characteristics (N = 104)

Characteristic (n) %
Patient ages
0-24 months (41) 39
2-6 years (63) 61
6-12 years (83) 80
13-18 years (70) 67
Patient settings
Home (74) 711
Community? (nu
Clinical (29) 28
Types of health care provider
Nurse (38) 37
Therapist® (25) 24
Primary care physician (19) 18
Sub-specialist (65) 63
Health care provider settings
Public health 33
Primary care (10) 10
Hospital® (96) 92
Other (22

& Community settings include school or daycare.
b Therapists include psychologists or counselors.

 Hospital settings include specialty clinics; other settings include call centers or home care.

I nterventions

Interventions featured synchronous (immediate) transfer of data
in 44 (42%) of the studies and asynchronous (store-and-forward)
transfer in 36 (35%) of the studies, while in 24 (23%) of the
studies, the intervention featured both. Communication

http://www.jmir.org/2010/2/e22/

RenderX

commonly occurred viathe Internet, telephone, videoconference,
or email. HIT function was classified into 15 categories centered
on support, medication management, diagnosis, education, and
monitoring. Shownin Table 5 are these and other characteristics
of theinterventions featured in the studies.
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Table5. Percent of studies with selected intervention characteristics (N = 104)

Intervention Characteristic (n) %
Communication modes featured by HIT intervention
Internet® (34) 33
Intranet® (6)6
Telephone (26) 25
Video conference (46) 44
Email (22) 21
SMS 33
Manual download (13) 13
Types of data delivered by HIT intervention
Text (36) 35
Voice (53) 51
Video or imaging (50) 48
Multimedia (18) 17
Binary (30) 29
Functions served by HIT intervention
Caregiver psychological support (34) 33
Patient psychological support (17) 16
Physiological monitoring (40) 38
Behavioral surveillance (16) 15
Diagnosis (36) 35
M edication management (49) 47
Physical care management (18) 17
Patient behavior management (33) 32
Professional counseling (33) 32
Medical consultation (47) 45
Mental health tx (non-counseling) (25) 14
Education (41) 39
Referral (13) 13
Transfer patient data to family (16) 15
Virtual family visits 44

| nternet and intranet modes generally excluded telephone, video conference, and email.

Outcomes

Of the 104 studies, 72 (69%) measured patient outcomes, 85
(82%) measured caregiver outcomes, 41 (39%) measured
provider outcomes, and 58 (56%) measured outcomes at the
overall program level. Overall, 86 (83%) of studies measured
one of the user outcomes: satisfaction, feasibility, or usability.

http://www.jmir.org/2010/2/e22/

Of these, 43 (41%) werefrom the patient perspective, 70 (67%)
were from the caregiver perspective, and 34 (33%) were from
the provider perspective. Outcomes related to resource use (by
patients, caregivers, providers, or the overall program) were
measured in 34 (33%) of the studies. Shown in Table 6 arethese
outcomes broken down by specific outcome categories.
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Table 6. Percent of studies measuring selected outcomes (N = 104)
Type of Outcome Overall Patient Caregiver Health Care Provider Program Level
(n) % (n) % (n) % (n) % (n) %
Broadly applicable outcomes
Satisfaction (60) 58 (33) 32 (58) 56 (19) 18
Feasibility (70) 67 (20) 19 (34) 33 (23) 22 (45) 43
Usability (39) 38 (23) 22 (35) 34 (14) 13
Usage (21) 20 99 (16) 15 (6)6 ®8
Behavior change (24) 23 (18) 17 (16) 15 ®)5
Resource use (26) 25 (18) 17 (8)8 (5)5 (12) 12
Patient- and caregiver-specific outcomes
Knowledge (10) 10 99 (10) 10
Clinical outcomes (33) 32 (31) 30 22
Quality of life (21) 20 (17) 16 (13) 13
Study Design Qualitative Themes

Of al studies, 29 (28%) had a qualitative component. Mixed
methods were used in 8 (8%) of the studies. The rest were
guantitative studies: 17 (16%) of these were randomized
controlled trials; 11 (11%) were non-randomized controlled
trials, 61 (59%) were descriptive studies; and 7 (7%) were
before-and-after studies. Ninety-seven studies (93%) featured
complex interventions according the MRC definition [16], while
the remaining 7 (7%) were diagnostic studies that did not fit
the MRC framework. Using the MRC framework, 24 studies
(23%) were categorized as development phase, 57 (55%) as
pilot phase, 11 (11%) as evaluation phase, and 5 (5%) as
implementation phase.

Table 7. Common themes or problems addressed by HIT interventions

HIT interventions were applied to several common problems
in the context of pediatric care requiring communication
involving caregivers and health care providers: establishing
continuity of care, addressing health care provider time
congtraints, and bridging geographical barriers (Table 7). At
least one of these themes was represented in each included
study; examples of these are described below for the four most
common disease contexts. These sections describe what forms
HIT interventions took and how they were studied in each
disease.

Theme Description

Example Disease Contexts

Establishing continuity

of care they traditionally access care (eg, hospitals)

Addressing time con-
straints

Bridging geographical
barriers

Extending care to patientsin the community (home, school) beyond settings where

Increasing efficiency of care or reducing time burden on health care providers

Reducing the need for patient travel or providing access to distant speciaists

Complex health care needs post-dis-
charge from hospital

ED decision support for asthma

Burn careto patientsinrurad Australia

Asthma

Studies that involved pediatric patients with asthma had the
highest representation with 17 studies. Parents of pediatric
asthma patients may be asked to keep diaries to monitor use of
rescue medication and home spirometry tests (measuring lung
function in terms of peak expiratory flow). The health care
provider traditionally relies on such manualy recorded
information to guide patient management. In 8 (47%) of these
studies, spirometry was electronically monitored, while in 4
(24%), medication use was €l ectronically monitored. Electronic
monitoring was used in these cases (together representing 9
[53%] of the asthma studies) to reduce the burden of paper diary
keeping and increase the reliability of the data.

http://www.jmir.org/2010/2/e22/

Another common function for HIT in the asthma setting is
education, the subject of 9 (53%) of these studies. Studies
involving patients with asthma generally featured
guideline-recommended information including environmental
factors, medications (eg, inhaler use), handling of asthma attacks
or emergencies, and the patient’s individual care plan.
Monitoring and education were combined in the same
intervention in five studies [8,17,20,25,28]. The common goal
of including both functions was to establish continuity of care,
an important element of managing chronic diseases and one of
three recurring themes addressed by the HIT interventions we
report on here (Table 7). In 15 (88%) of the asthmastudies, data
transfer was asynchronous only, reflecting the unique
communication needs in this setting.
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A dominant function of HIT in studies involving patients with
asthma was to improve medication management (14 studies,
82%), acritical step in optimizing disease control and reducing
the likelihood and number of attacks that require medical
attention. We found 3 studies that featured computer kiosks
used for initial assessments, one in a general practice setting
[24] and two othersin an ED setting [18,21]. Such use of kiosks
was unigue to asthma among the 104 included studies. In all
cases, the intervention was intended to increase the
time-efficiency and comprehensiveness of information transfer
to health care providers for decision support purposes. These,
and other studies that featured educational functions for HIT,
provide examples of effortsto address health care provider time
congtraints, another of the recurring themes observed in this
study (Table 7).

Wefound 12 (71%) studiesthat succeeded in measuring clinical
outcomes (including lung function, symptom control, and use
of rescue therapy). Resource use (usually hospital or ED visits)
was aso commonly measured (10 studies, 59%). A
comparatively high proportion of studiesthat focused on patients
with asthmawere evaluation studies (7 studies, 41%). Of these,
3 (18%) were development phase, 6 (35%) were pilot phase,
and 2 (12%) were diagnosis studies.

Type 1 Diabetes

We retrieved 12 studies dealing with pediatric patients with
type 1 diabetes. Behaviors underlying medication adherence
are traditionally important challenges to, and targets of,
management [123]. Correspondingly, both behavioral
management (7 studies, 58%) and medication management (11
studies, 92%) were predominant functions of HIT interventions
among the studies retrieved. Telephone was a comparatively
common mode of communication in 4 studies (33%), and data
were communicated synchronously in 7 studies (58%).

Physiological monitoring was another common function of HIT
interventions in studies involving patients with diabetes (9
studies, 75%). These studies usually involved manual (finger
pricks) or continuous (subcutaneous sensor) blood glucose
monitoring to provide a feedback mechanism for patients,
caregivers, or clinicians to understand the behaviors that lead
to hypo- or hyperglycemia. Additionally, continuous recording
of blood glucose has been used to detect nighttime hypoglycemic
episodes [38]. In two cases [33,34], data from portable insulin
pumps were also monitored asynchronously. HIT interventions
were used to transfer monitoring data to a caregiver’'s mobile
telephone (via short message service, ie, SMS) in two studies.
Blood glucose data could usually be downloaded or uploaded
and communicated to health care providers. In these cases, the
HIT intervention sometimes also served a decision support
function (3 studies, 25%).

Similar to the case with asthma, a goa of interventional
strategies for pediatric patients with diabetes is to avoid the
need for ED visits to address dangerous elevations in blood
glucose. Frequency of ED visits was measured in two studies.
Clinical outcomes (including glycosylated hemoglobin A1C,
blood glucose, hypoglycemic episodes) were evaluated in 7
studies (58%). Among studies that focused on patients with
type 1 diabetes, a comparatively high proportion were pilot
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studies (8 studies, 67%), while only 2 (17%) were devel opment
studies and 2 (17%) were evaluation studies.

In 7 studies (58%), interventions helped establish continuity of
care. Diabetes studies aso included several examples of HIT
used to bridge geographical barriers to health care, another of
the themes observed in the studies reported here (Table 7).

Special Needs

The term “special needs’ describes the patient populations in
11 of the studies and has been defined as follows:

Children with special needs present a complex array
of health care requirements that remain throughout
their life span. These needs include chronic health
disabilities (diabetes, epilepsy, cystic fibrosis),
developmental and behavioral disorders (cerebral
palsy, spina bifida, attention deficit hyperactivity
disorder, mental retardation, autism), and traumatic
injuries (traumatic brain injury, spinal cord injury)
[45].
Effective diagnosis, care coordination, and case management
for such patients can be complex and require specialist
involvement [52].

Unlike studies that involved patients with asthma or type 1
diabetes, in studiesthat involved pediatric patients with special
needs, communication was predominantly synchronous (10
studies, 91%) and videoconferencing was the most common
mode of communication (7 studies, 64%). Synchronous
communication (telephone or videoconference) between the
hospital or specialist clinic and patients' homes was generally
used to improve continuity of care.

The most common functions among studies that involved
children with special needs were consultation (8 studies, 73%)
and diagnosis (7 studies, 64%). Telemedicine videoconferencing
replaced in person examination, with virtual consultations
reducing sometimes painful trips to the clinic and allowing for
diagnosis, referrals, and recommendations on physical care
[45-48,52]. Additionally, simultaneous communication among
multiple providers, school staff, and the caregiver improved
coordination of carewith fewer physical tripsto multipleclinics
[45-48,52]. Such consultations also bridged geographical
barriers to care (eg, for patients in rural areas) and increased
accessto specialists. Similar coordinated communi cation among
multiple health care providers and caregivers was also achieved
in a Swedish study in which modes of communication included
Internet, email, and SMS [51]. One Italian study featured a
portable device for monitoring physiological statusand physical
activities [53,54].

Studies in this category were mostly development phase (4
studies, 36%) or pilot phase (6 studies, 55%), while there were
no evaluation studies and only one implementation study. In
addition to patient outcomes, a larger than average proportion
of these studies measured caregiver (100% of studies) and health
care provider outcomes (9 studies, 83%) including satisfaction,
feasibility, usability and usage. Some telemedicine studies
conducted economic analyses.
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Psychiatric Disorders

A recurring problem described in many of the 10 child
psychiatry studies was the shortage of pediatric mental health
specialists. Most of the studies featured telemedicine
interventions, which have an established history in adult
psychiatry and are considered suitable because much of the
diagnosisand treatment in this setting is achieved by audiovisual
communication [65]. Similar to studiesinvolving children with
special needs, the HIT technology used in studiesthat involved
children with psychiatric disorders was predominantly
synchronous in 8 studies (80%), with videoconference the
principal mode of communication in 7 studies (70%). HIT was
applied in 2 (20%) of studies to deliver cognitive behavioral
therapy to patients with anxiety disorder [56,57].

Rather than coordinating care involving multiple providers, as
is commonly seen with special needs, videoconferencing was
used primarily for diagnosis in 7 studies (70%), for mental
health therapy in 6 studies (60%), and for medication
management in 4 studies (40%). A recurring theme wasthe use
of HIT to bridge geographical barriers and the shortage of child
mental health practitioners. Rural patientsin the United States,
Canada, and Australiarepresented the main population to receive
telemedicine interventions (80% of studies).

Of these studies, 8 (80%) were pilot phase, and 2 (20%) were
development phase. The purpose of pilot phase studies was
often to evaluate satisfaction (9 studies, 90%) or to determine
whether pediatric telepsychiatry was comparable with
face-to-face treatment (eg, diagnostic agreement).

Discussion

Principal Results

We have observed how, in the health literature of HIT
applications that facilitate communication among caregivers
and health care providers, the pediatric diseases that are well
represented are those characterized by high preval ence (asthma,
type 1 diabetes), acute need caused by geographical barriers or
other lack of health care provider access (psychiatric disorders,
cardiac disorder, burns), or those requiring continuity of care
in home or community settings (type 1 diabetes, special needs,
cancer, complex health care needs post-discharge). Efforts to
estimate the value of HIT interventions in these cases have
included measurement of patient- or caregiver-important
outcomes such as quality of life (21 studies, 20%) or clinical
outcomes (33 studies, 32%), and evaluations of resource use
that often comprise some degree of economic analysis (26
studies, 25%). Few studies, however, were capable of providing
definitive evidence (ie, 17 studies, [16%] were RCTs, while
only 11 [11%] qualified as evaluation studies). This is to be
expected in research involving complex interventions, which
is often constrained by methodological limitations and high
cost.

Implications

Several uses for scoping reviews as articulated by Anderson
and colleagues [6] apply to the current study. Specificaly, it
has proved valuable “to map and make sense of the extent,
range, and nature of research undertaken in a particular area,”
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and “to identify the strengths and weaknesses of the research
base” Others may also find this report useful “to identify gaps
in research knowledge that need filling” and “to determine the
value of undertaking further systematic reviews or empirical
research.”

We suggest that opportunities exist to improve the utility of
future development and evaluation work by focusing energies
whenever possible on planning integrated programs of
development, evaluation, and implementation as recommended
by the MRC guidancefor complex interventions[16]. Although
therealities of some contexts can makethisideal impracticable,
eight examples of researchers using phased approaches
(featuring multiple related studies) to development and
evaluation of their interventions were found here
[8,10,18,21,25,30,65,66,77,78,92-94,102-105,108,109].

For this review, articles were considered to refer to the same
study if they investigated the same intervention in the same set
of patients. Accordingly, seven of the included studies
corresponded to multiple publications. In al but one case,
however, there was a lack of cross-reference between
publications corresponding to the same study. M oreover, intwo
studies corresponding to five articles authored by the same study
group, the same results were reported in multiple publications
without any cross reference. More uniform use of study
identifiers, as recommended in the CONSORT statement
[124,125], may therefore be warranted to avoid multiple
reporting in studies of HIT. Of the 104 studies included in this
review, we found that only one [104] referred to CONSORT in
its bibliography.

Limitations

Scoping reviews are often characterized by the challenge of
searching the literature for complex or ill-defined topics. Thus,
unlike systematic reviews that typically have a narrower focus,
it may betime-consuming and unrealistic to retrieve and screen
all the relevant literature. As our purpose was to merely map
the existing health literature on acomplex topic and not estimate
the effects of HIT interventions, our efforts to identify all
eligible studies were limited in some respects. Consistent with
our objective, we restricted our search to health databases,
leaving out the engineering and computing literature. Also, we
considered it unnecessary for our purpose to follow up on all
of the many narrative reviews on HIT retrieved by our search.
Dueto this and the complexity of thetopic, our study therefore
cannot be considered an exhaustive accounting of the literature
inthisarea. Neverthel ess, the searches we designed were broad
enough to expect that sensitivity, at least within the health
literature, was moderately high. Supportive of this, the
bibliographies of included articlesyielded only three additional
studies not detected by our search. Future reviewers focusing
on more limited subsets of the literature than we have surveyed
here will be able to employ more exhaustive search methods
and may retrieve more articles than reported here.

Conclusions

This study provides a map of the health literature on how HIT
isbeing used and studied to facilitate care of pediatric patients
with health conditions requiring follow-up and involving
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participation of both a caregiver and ahealth care provider. We
have observed how HIT used for this purpose has been
implemented differently in arange of disease settings, and how
varying needs affect the function, form, and synchronicity of
information transfer. Interventions have been repeatedly applied
to improve continuity of care, address time constraints faced
by health care providers, and bridge geographical barriers.
Although anumber of authors have foll owed a phased approach

Gentleset a

to development, evaluation, and implementation, a greater
emphasis on methodological standards such as the MRC
guidance for complex interventionswould produce morefruitful
programs of development and more useful evaluations in the
future. Thisreview will be especialy helpful to those deciding
on areas where further development or research into HIT in
pediatric contexts may be warranted.
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Abstract

Background: Patient empowerment is growing in popularity and application. Due to the increasing possibilities of the Internet
and eHealth, many initiatives that are aimed at empowering patients are delivered online.

Objective: Our objective was to evaluate whether Web-based interventions are effective in increasing patient empowerment
compared with usual care or face-to-face interventions.

Methods: We performed a systematic review by searching the MEDLINE, EMBASE, and PsycINFO databases from January
1985 to January 2009 for relevant citations. From the 7096 unique citations retrieved from the search strategy, we included 14
randomized controlled trials (RCTs) that met all inclusion criteria. Pairs of review authors assessed the methodological quality
of the obtained studies using the Downs and Black checklist. A meta-analysiswas performed on studies that measured comparable
outcomes. The GRADE approach was used to determine the level of evidence for each outcome.

Results: In comparison with usual care or no care, Web-based interventions had a significant positive effect on empowerment
measured with the Diabetes Empowerment Scale (2 studies, standardized mean difference[SMD] = 0.61, 95% confidenceinterval
[CI] 0.29 - 0.94]), on self-efficacy measured with disease-specific self-efficacy scales (9 studies, SMD = 0.23, 95% CI 0.12 -
0.33), and on mastery measured with the Pearlin Mastery Scale (1 study, mean difference [MD] = 2.95, 95% Cl 1.66 - 4.24). No
effects were found for self-efficacy measured with general self-efficacy scales (3 studies, SMD = 0.05, 95% CI -0.25 to 0.35) or
for self-esteem measured with the Rosenberg Self-Esteem Scale (1 study, MD =-0.38, 95% Cl -2.45 to 1.69). Furthermore, when
comparing Web-based interventions with face-to-face deliveries of the same interventions, no significant (beneficial or harmful)
effects were found for mastery (1 study, MD = 1.20, 95% CI -1.73 to 4.13) and self-esteem (1 study, MD =-0.10, 95% CI -0.45
t0 0.25).

Conclusions; Web-based interventions showed positive effects on empowerment measured with the Diabetes Empowerment
Scale, disease-specific self-efficacy scales and the Pearlin Mastery Scale. Because of the low quality of evidence we found, the
results should be interpreted with caution. The clinical relevance of the findings can be questioned because the significant effects
we found were, in general, small.

(J Med Internet Res 2010;12(2):€23) doi:10.2196/jmir.1286
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Introduction

Patient empowerment refers to the enhanced ability of patients
to actively understand and influence their own health status[1].
Patient empowerment focuses on control in individuals
experience of health, disease, and illness, as well as the roles
of health care organizations, communities, and the broader
health care system [2].

Since its introduction to health care in the 1970s [3], the
popularity of the idea of patient empowerment has emerged in
the context of severa significant societal trends, such as a
growth in health care consumerism and, as a result, the need
for governments to reduce health care costs [4]. In this case,
patient empowerment potentially could be used to justify
cost-cutting in which part of the responsibility for care is
transferred to individual citizens [5]. Furthermore, increased
patient activism and organization has led to more focus on
patient empowerment initiatives [6]. Revealingly, and in line
with these tendencies, the World Health Organization (WHO)
has described patient empowerment asa” prerequisite for health”
and “a proactive partnership and patient self-care strategy to
improve heath outcomes and quality of life among the
chronically ill [7].”

During the last decades, the focus on empowerment resulted in
many initiatives to increase patient empowerment. In general,
strategies to increase patient empowerment have tended to
address two aspects of patients’ experience of illness; (1) disease
management and (2) relationships with health care providers
[8]. An increasing number of studies have been conducted in
which approachesto increasing patient empowerment have been
evaluated. These approaches have varied from patient
self-management programs [9-16], to promoting patient
involvement in treatment decision-making [17,18], to facilitating
the physician-patient interaction [19,20]. Most of these
interventions have taken place face-to-face or in facilitator-led
group sessions.

Although some face-to-face or group session interventions to
increase patient empowerment have been found to be effective,
for example, in decreasing depression [21] or in job retention
among the chronically ill [22], it is believed that the real
opportunities for patient empowerment started with the rise of
the Internet and eHealth [23]. In recent years, the number of
Internet users has increased considerably, and the Internet is
being employed more frequently to locate information on health
and health care delivery [24]. The latest studies have shown
that, among all Internet users, an estimated 58% consult the
Web for health purposes [25]. Because of this increased use of
the Internet and its huge potential for delivering patient
education and management programs, the Internet may have a
revolutionary role in retooling the health care industry [23].
Some scientific evidence already exists on the effectiveness of
the Internet to improve health outcomes [26,27], increase
specified knowledge [28,29], achieve behavior change[30,31],
and increase participation in health care [32]. Therefore, in
recent years, agrowing number of interventionsaimed at patient
empowerment are, not surprisingly, delivered online.

http://www.jmir.org/2010/2/e23/
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In this systematic review, we investigated whether these
Web-based interventions were effective in increasing patient
empowerment compared with usual care or face-to-face
interventions.

Methods

Inclusion Criteria

Types of Studies

Only randomized controlled trials (RCT), quasi-randomized
controlled trials, before-and-after studies, and interrupted time
series analyses were included.

Types of Participants

Studiesinwhich theintervention was aimed at patients or clients
with a medical problem were included. Studies that included
children and adol escents|essthan 18 years of age were excluded
to create more homogeneity in the study population.

Types of I ntervention

Studies in which the treatment consisted of a Web-based
intervention were included. Web-based interventions were
defined as al interactive Web applications accessed via the
Internet or an intranet. Furthermore, we excluded studiesif the
intervention did not contain any aspects of health education or
intention to change health-related behavior.

Types of Control I ntervention

Studieswereincluded only if the control intervention consisted
of either usual care or aface-to-face intervention.

Types of Outcome Measures

Studiesthat measured empowerment or an empowerment-related
component were included. Given the absence of a generally
accepted definition of empowerment and conflicting views on
how to measure empowerment, we decided to initially include
concepts that are often linked to empowerment. Examples of
these are self-efficacy, mastery, self-control, self-esteem,
perceived control, perceived competence, or involvement inthe
decision-making process [33].

No language restriction was applied.

Search Strategy

Publications were retrieved by a search of the following
electronic databases:

- MEDLINE (1985 to January 2009)
. EMBASE (1985 to January 2009)
- PsycINFO (1985 to January 2009)

Detailed search strategies are presented in the Multimedia
Appendix. Briefly, we combined two search concepts, the first
consisting of the outcome measure (eg, “empowerment” or
“self-efficacy”) and the second of theintervention (eg, “Internet”
or “website”). Various synonyms were used for each concept.
We chose a sensitive search strategy so that we would not miss
any potentially relevant publications.
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Study Identification and Data Abstraction

Citationsand brief recordsidentified by the search strategy were
downloaded electronically to the bibliographic management
package Reference Manager 11 (Thomson Reuters, Carlsbad,
CA, USA). The study selection was completed in three steps.
In step 1, two reviewers (authors DS and DB) independently
screened the titles, keywords, and abstracts of the studies
obtained by the search strategy to determine if they met the
inclusion criteria. When inclusion or exclusion of astudy could
not be based on the screening of thetitle, keywords, and abstract,
instep 2, thefull article wasretrieved and checked for inclusion.
This was again, done by two reviewers (authors DS and NE).
A consensus meeting with athird reviewer (DB) was arranged
to sort out disagreements between reviewers. In step 3, we
searched the reference lists of the included studies to find
additional publications. Additionally, from all citations that
were initially identified by the search strategy, we checked all
systematic reviews concerning Web-based interventions and
searched in thereferencelists of these reviewsto find additional
publications that met our inclusion criteria.

Two reviewers (DS and NE) extracted the data using a data
extraction form that included information on study design,
randomization level, population, follow-up period, description
of the intervention and control group treatments, and data on
relevant outcomes. If certain studies did not report sufficient
information on the outcomes, missing data (for example,
standard deviations) were calculated according to guidelinesin
the Cochrane Reviewers Handbook [34]. If it was hot possible
to calculate missing data, authors of the studies were contacted
and additional information on the missing data was requested.

Quality Assessment

We evaluated the quality of individual studies using the Downs
and Black quality assessment method, which is a list of 27
criteria to evaluate both randomized and nonrandomized trials
[35]. This quality assessment scale (QAS) assesses study
reporting, external validity, and interna validity (ie, bias and
confounding), and has been ranked in the top six quality
assessment scales suitable for usein systematic reviews|[36,37].
As has been done in other reviews using the Downs and Black
scale [38,39], the tool was modified dlightly for use in this
review. Specifically, the scoring for question 27 dealing with
statistical power was simplified to a choice of awarding either
1 point or 0 points depending on whether there was sufficient
power to detect a clinically important effect. The criterion was
that to detect a 10% difference, at least 87 subjects had
completed follow-up in both the intervention and control groups
of the study, assuming power of .90 and alpha of .05. The
maximum score for item 5, reporting of principal confounders
was 2. Downs and Black score ranges were grouped into the
following 4 quality levels: excellent (26 to 28), good (20 to 25),
fair (15 to 19), and poor (lessthan 14).

Two reviewers (DS and DB) independently assessed the quality
of theincluded studies. A consensus method was used to resolve
disagreement.

http://www.jmir.org/2010/2/e23/
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Data Analysis and the GRADE Approach

Analyses of this review were based on the outcome measure,
that is, empowerment or an empowerment-rel ated outcome. For
studies that were comparable with respect to the control
intervention and the outcome, results were pooled using
meta-analyses. In these anayses, we included final
measurements of continuous data. We were able to do so,
because all included studies in this review were RCTs or
quasi-RCTs, and no study reported significant baseline
differences between the intervention and the control group.
Since there were many different scales or instruments used to
measure the same outcome, we could not use weighted mean
differences and therefore caculated standardized mean
differences (SMD). SMDs obtained from the meta-analyses
werethen reexpressed to afamiliar instrument, using aso-called
back-translation technique. In this technique, an instrument is
selected from a study included in the meta-analysis that is
representative of the population and at alow risk of bias, and
then the standard deviation of the outcome measure of the
control group of this study (the end of study mean) ismultiplied
by the pooled SMD.

We chose a random-effects meta-analysis because it was
considered a more appropriate model to combine the results of
theincluded studies, which were clinically and methodologically
diverse [40]. Additionally, publication bias was tested by
inspecting the funnel plot on outcomes that were measured in
more than 8 studies. A funnel plot is a scatterplot of treatment
effect against a measure of study size. An asymmetric funnel
indicates arelationship between treatment effect and study size,
suggesting a possibility of publication bias. For al analyses
Review Manager software (version 5.0) was used [41].

We present the overall quality of the evidence using the GRADE
approach as recommended by the Cochrane Handbook for
Systematic Reviews of Interventions [34] because of its many
advantages[42]. That is, for each specific outcome, the quality
of the evidence was based on five factors: (1) limitations of the
study design or the potential for bias across al studies that
measure that particular outcome, (2) consistency of results, (3)
directness (generalizability), (4) precision (sufficient data), and
(5) the potentia for publication bias. The overal quality was
considered to be high if multiple RCTs with alow risk of bias
provided consistent, generalizabl e results for the outcome. The
quality of evidence was downgraded by one level if one of the
factors described above was not met. Likewise, if two or three
factors were not met, we downgraded the level of evidence by
two or three levels, respectively. Thus, the GRADE approach
resulted in four levels of quality of evidence: high, moderate,
low, and very low. In the case of only one study measuring an
outcome, the data were considered to be “sparse” and
subsequently the evidence was labeled as “low quality
evidence.” If only one study was present for agiven comparison,
the results are described in the text. GRADEprofiler software
(version 3.2) was used [43].
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Results

Study Selection
From all databases combined, weidentified atotal of 7676 titles:

Figurel. Study selection
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1823in MEDLINE, 3540in EMBASE and 2313 in PsychINFO.
After exclusion of duplicates, DS and DB reviewed the 7096
titles and abstracts. Figure 1 shows a flow diagram of the
reviewed studies.

Potentially relevant references
identified and screened for
retrieval
(n=7096)

Excluded based on review
» of titles and abstracts

A 4

(n=6807)

Full text articles reviewed
(n=289)

Excluded (n=276) on basis of:

Study Design (n=89)

v

Outcome (n=121)
Intervention (n=54)
Participants (n=12)

Added by reviewing
bibliographies
(n=1)

Studies meeting the
inclusion criteria
(n=13)

| |
v

Included Studies
(n=14)

We selected 289 publications for retrieval of full text versions.
From these 289 studies, initially 18 publications met our
inclusion criteria: these were publications reporting results of
16 RCTs and 2 quasi-RCTs. The main reason for excluding
studies was based on the outcome criteria: the majority of the
studies did not measure empowerment or an
empowerment-related outcome. From the 18 studiesthat initially
met our inclusion criteria, 2 publications of Man et al [44,45]
reported on the same study and were handled as one RCT. The
publication of Kukafkaet a [46] was excluded because standard
deviations of the outcome (self-efficacy) were not reported and
were not retrieved after contacting the author. The study by
Wangberg [47] did not have an appropriate contrast for the
website intervention. Instead, this study compared two study

http://www.jmir.org/2010/2/e23/
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groupsthat both used tailored Internet interventions. After closer
examination, the study by Robinson [48] was excluded because
it did not meet the patient criteria, and the study by Williams
et al [49] was excluded because the intervention in this study
was not solely Web-based. The additional reference search
resulted in one extra publication [50] that met our inclusion
criteria. Becausethis publication by Warmerdam et a contained
adescription of astudy protocol, we contacted the authors and
received relevant unpublished data. With this study included,
the total number of studies included in this review was 14
[45,50-62].

Study Char acteristics
Table 1 shows the characteristics of the included studies.
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Table 1. Characteristics of the included studies
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Citation  Population/ Duration of Intervention Comparison ~ Outcome Qudlity
Setting (n, Follow-up (% Treatment Measure(s) Assessment
% Female) dropout) (Instrument) Score
Cousneau Onlinepsycho- 4 weeks (3%) Tailored website containingin ~ Waiting list Self-efficacy, infertility specific 26, Excellent
etal 2008 educational sup- vitro fertilization (I'VF)-specific (Infertility Self-Efficacy Scale
[51] port for infertile cognitive behavioural skill train- [51]).
women (190, ing (CBT) and stress manage-
100%) ment. Total content: 90 minutes,
available over a 4-week peri-
0db,c,e
Gollings  Treatment of 8 weeks The Set Your Body Free Group  Face-to-face  Self-esteem (Rosenberg Self-es- 16, Fair
etal 2005 body dissatisfac-  (18%) Body Image Program: eight delivery of the teem Scale[RSE] [67])
[52] tionamong wom- therapist-led, onlinechat sessions  sameinterven-
en 18 to 30 years (weekly, session duration: 90 tion
old (39, 100%) minutes), 24/7 discussion board®
Hilleta Increasingpsy- 12 weeks Women-to-Women (WTW) No care (1) Empowerment (adapted Dia- 17, Fair
2006 [53] chologica headth (17%) project: an online web-based ed- betes Empowerment Scale[DES]
among chronical- ucational tool aimed at increasing [63]) (2) General self-efficacy
ly ill, rural wom- Web skills, coping with chronic (General Self-Efficacy [GSE]
en(12, 100%) illness, handling family finances, [65]) (3) Self-esteem (RSE [67])
etc?P
Hirai and Internet helpfor 8 weeks Internet-based, interactive cogni- Waiting list Self-efficacy, post-traumatic 15, Fair
Clum patients with (25%) tive behaviour program (8 syndrome specific (adapted
2005[54] posttraumatic weeks) consisting of relaxation scale)
stress disorder training, mastery tests, cognitive
(36, 78%) restructuring and exposure mod-
ules®
Homkoet Managingunder- From4to37 Web-based disease management Paper logbook Empowerment (DES [63]) 18, Fair
al 2007 served women weeks, depend-  interactive telemedicine system.
[55] with gestational  ingongestaa  Components: heath information
diabetesmellitus tion atinclu-  and education, patient electronic
inaprenatal clin- sion (10%) medical record, and communica-
ic (63, 100%) tion with health team®®¢
Loriget Internet helpfor 1year (27%) Closed and moderated email diss Usual care Self-efficacy, specifictomanage- 20, Good
a 2002 back pain pa- cussion group, copy of the Back ment of back pain (adapted scale)
[56] tients (580, 39%) Pain Helpbook, and a videotape
on how to continue active life
with back pain?
Loriget Internethelpfor 1year (19%) Interactive website (6-week pro- Usual care Self-efficacy, disease manage- 20, Good
al 2006  patientswith gram) based on the book Living ment specific (adapted scale)
[57] chronic diseases a Healthy Life with Chronic
(heart or lung dis- Conditions. Online workshops
ease and type 2 with Web moderator, individual
diabetes) (958, exercise programs, cognitive
71%) symptom management etc*"<
Loriget  Internet-based 6 months Arthritis Self-Management (6-  Usual care Self-efficacy, arthritis specific 22, Good
al 2008  arthritisself-man-  (25%) week) Program: health education, (adapted scale)
[58] agement program bulletin board discussion, individ-
for patients with ual tools such as exercise logs,
fibromyalgia medication diaries, and atailored
(855, 90%) exercise program abcde
Maneta Problem-solving 8weeks Onlineinteractive multimedia ~ Waiting list Self-efficacy, ABI specific 21, Good
2006 [44] skill training for  (24%) presentations on knowledge and (adapted scale)

people with ac-
quired brain in-
jury (ABI) (59,
43%)

concepts required for persons
with ABI to function independent-

ly ¢
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Citation ~ Population/ Duration of Intervention Comparison ~ Outcome Quality
Setting (n, Follow-up (% Treatment Measure(s) Assessment
% Female) dropout) (Instrument) Score
Nguyen  Internet-based 6 months Website containing structured Face-to-face  Mastery, subscale of the Chronic 20, Good
etal 2008 dyspnea self- (22%) education for dyspneamanage-  delivery of the Respiratory Questionnaire (CRQ
[59] management pro- ment strategies, skillstraining,  sameinterven-  [59])
gram for patients peer interaction, symptomand  tion
with chronic ob- exercise monitoring, and exercise
structive pul- consultations (6- month pro-
monary disease gram)ab'c*d
(50, 44%)
Rosseta Web-based on- 6 months SPPARO web interface, provid- Usual care Self-efficacy, patient specific 23, Good
2004[60] line medical (22%) ing patients with a medical (adapted scale)
record for pa- record, educational guide and a
tients with con- messaging system®Pd
gestive heart fail-
ureinaspeciality
clinic (107, 23%)
Tuil etal  Internet-based 16 weeks IVF educational interactiveweb- Usual care (1) General self-efficacy (GES 18, Fair
2007[61] persond heath  (26%) siteconsisting of general informa- [64]) (2) Self-efficacy, IVF spe-
record for pa- tion, apersonal medical record cific (adapted scale)
tientsundergoing with tailored clarifications, and
IVFandintracyto- communication (forum, email,
plasmic spermin- chat)"’*b*d'e
jection (ICSl)
treatment in an
academic re-
search environ-
ment
(244, 50%)
Warmer-  Internettreatment Intervention  Intervention 1: Cognitive Behav- Waiting list Mastery (Pearlin Mastery Scale 23, Good
dameta for adultswith 1:12 weeks ioral Therapy (12 weeks) based [66])
2009[50] depressivesymp- (46%) Inter-  on changing patients' cognitive
toms (263, 71%) vention2:5  atterns’ Intervention 2: Prob-
weeks (42%)  |em-Solving Treatment (5 weeks)
aiming at controlling practical
problems patients face®
Zutzeta Websteforpoten- 12 weeks Website with the ability tointer- Usual care (1) General Self-efficacy (GSE 15, Fair
2007[62] tia participants  (13%) actively monitor heart rate and [65]) (2) Self-efficacy; exercise
for hospital-based blood pressure. Plus scheduled specific (adapted scale)
cardiac rehabilita- one-on-one chat sessions with
tion programs program nurse case manage,
(15, 20%) weekly education sessions and

monthly ask-an-expert group
chat®bd

Web-based intervention contains:
& communication options, such as aforum, chat or (moderated) discussion board
b health information to increase knowledge

€ disease specific self-management modules

d

€ tail ored messages or information

e-monitoring, such as a patient medical records or symptom diaries

Design of the Included Studies

Of the 14 included studies, 13 were RCTs, while the study that
wasreported in two publications [44,45] was aquasi-RCT. Most
studies compared two study groups. an intervention group in
which the treatment was a Web-based intervention and a.control
group receiving usual care or no care. Exceptions were the
studies of Nguyen et a [59] and Gollings et al [52] in which
comparisonswere made between a\Web-based intervention and

http://www.jmir.org/2010/2/e23/

RenderX

a face-to-face intervention. Furthermore, the study by Man et
al [45] consisted of four intervention arms: a control group, a
computer-assisted training program, an onlinetraining program,
and a therapist-administered training program. For this review,
we compared the online training program with the control group.
Also, the study by Warmerdam et a [50] included three
interventions arms. a Web-based cognitive behavior program,
aweb-based problem-solving program, and a control group.
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The duration of the follow-up measurements varied from 8
weeks[54] upto oneyear [56,57]. Also, many differenceswere
found in the exact content of the Web-based interventions.

Participants

The number of participants varied from 15 [62] to 958 [57].
Studies differed regarding patient groups. For example, various
studiesincluded infertility patients, patientswith post-traumatic
stress disorder, patients with diabetes, or back pain patients.
The mean dropout rate was 23% (SD 11%) after an average
follow-up duration of 19 weeks (SD 15 weeks). Participants
compliance with the intervention was not clearly described in
many of the included studies.

Outcomes

Empowerment was explicitly measured in only two studies.
Both of these used the Diabetes Empowerment Scale (DES)
[63]. Although the DES is meant to measure diabetes-related
empowerment, the study of Hill et a [53] showed that the DES
can be adapted to other diseases. All other included studies (one
or more) measured empowerment-related outcomes: 9 studies
measured disease-specific self-efficacy, 3 measured general
self-efficacy, 2 measured mastery, and 2 measured self-esteem.

M ethodological Quality

The quality of the included studies varied. According to the
calculated quality assessment score (QAS), none of the studies
were rated as being of poor quality, 6 studies were rated fair, 7
were rated good, and 1 was rated excellent. The mean QAS for
the included studies was 19.6. Studies scored particularly poor
on the following items: patient blinding (11 of 14), blinding of
the outcome assessor (12 of 14), falure to adjust for
confounding factorsin theanalysis (11 of 14), biasdueto |osses
of patients to follow-up (9 of 14), and insufficient power to
detect outcomes that are clinically important (6 of 14).
Furthermore, in 9 of the 14 studies the randomization method
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and concealment were not described adequately. Because
participantsin Web-based research are not representative of the
whole patient population (in this case through a selection process
of only Internet users), the external validity of all studies was
rated poor.

Effectiveness of Web-based I nterventions (Web-based
I nterventions versus Usual Care)

Empowerment

Empowerment was measured in 2 studies with the Diabetes
Empowerment Scale (DES). Homko et al [55] examined the
effectiveness of an Internet-based tel emedi cine system that was
aimed at self-management of underserved women with diabetes
mellitus. Empowerment was assessed at baseline and at 37
weeks of gestation. The control group received paper logbooks,
which served asasham intervention, and in which women could
monitor their blood glucose levels. In the study of Hill et al
[53], theinfluence of an onlineintervention containing self-help
support groups and Web-based educational tools on
empowerment was examined among chronically ill women.

Becausethe study of Hill et a included only the 10-item “ Setting
and Achieving Goals’ subscale from the DES, our comparison
of thetwo studieswas based on the results of this subscaleaone.

Based on the GRADE approach, we downgraded the level of
evidence two levels, that is, from high to low, on basis of the
studies’ limitations and imprecision of the results (Table 2).

Therefore, based on 2 RCTs (combined n = 157) our results,
shownin Figure 2, indicate low quality evidence that Web-based
interventions had a significant positive effect on empowerment
measured with the DES scale. Figure 2 showsthat the SMD for
these studies was 0.61 (95% CI 0.29 - 0.94). In Figure 2, the
green sguares indicate the individual study’s effect sizes, and
the black diamond represents the pooled effect of the combined
studies.

Figure 2. Comparison of Web-based interventions versus usual care for the outcome empowerment

Experimental Control Std. Mean Difference 5td. Mean Difference
Study or Subgroup  Mean S5D Total Mean SD Total Weight IV, Random, 85% CI IV, Random, 85% CI
Hill 2006 40.3 4.83 43 3B.14 B.48 57  B2.8% 0,71 [0.30, 1.12] ——
Homko 2007 44 07 32 41 0B 25 37.2% 0.45 [-0.08, 0.98] ——
Total (95% CI) 75 82 100.0% 0.61 [0.29, 0.94] i
Heterogeneity: Tau® = 0.00; Ch? = 0.57, df = 1 (P = 0.45); I = 0% _!2 _!1 P 1' 2'

Test for overall effect: Z=3.71 (P = 0.0002)

Self-efficacy, Disease-specific
Of the 14 included studies, 9 studies provided sufficient data
for calculation of an SMD for disease-specific self-efficacy

http://www.jmir.org/2010/2/e23/

Favours control  Favours exparimeantal

outcomes. Cousineau et al [51] examined the effects of an online
psycho-educational support program for infertile women. In
this trial, where 190 females were recruited from US fertility
centers, atrend was observed for improvement of self-efficacy
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levels among the women exposed to the online program
compared with the controls (P =.07). Hirai et a [54] found that
use of an Internet-based self-change program for traumatic
event-related fear, distress, and maladaptive coping increased
self-efficacy significantly (P <.01). Inthreelarge and relatively
high quality studies (the average Downs and Black score was
21) by Lorig et a [56-58], disease-specific self-efficacy was
significantly increased after use of online interventions
compared with usual care. These studies contained interventions
that dealt with management of heart-lung disease and type 2
diabetes (P = .06) [57], arthritis or fibromyalgia (P = .01) [58],
and back pain (P = .02) [56]. Although the duration of the
interventions used in these studies was approximately 6 weeks,
improvements in self-efficacy remained even after 1 year of
follow-up. In astudy by Man et al [45], in which people with
acquired brain injury (ABI) were able to follow a
tele-anal ogy-based problem-solving program, it was found that
after 8 weeks, self-efficacy levelsincreased more among patients
using the program compared with the controls, but this effect
was not significant. Rosset al [60] found atrend inimprovement
of self-efficacy in patients with congestive heart failure who
used a Web-based online medical record and educational guide,
compared with patients who received usual care (P =.08). Ina
study of Tuil et a [61], patients who had to undergo in vitro
fertilization (IVF) were empowered by an interactive website
that contained health information, a medical record, and
communication possibilities with fellow patients and a
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physician. No pre/post test differences in IVF-specific
self-efficacy were found between the intervention and control
group in this study. Finally, a pilot study conducted by Zutz et
al [62] found a higher level of exercise-specific self-efficacy
after use of an interactive website that was aimed at cardiac
rehabilitation. Compared with changesin the control group, this
intervention effect was not significant.

According to GRADE guidelines, we downgraded the level of
evidence for this outcome by one level from high to moderate
based on studies’ limitations (see Table 2).

Visual inspection of the funnel plot on this outcome indicated
a possibility of publication bias. Figure 4 shows that small
studies, as indicated by the high standard errors [SE] (y-axis),
with relatively high effect sizes, as indicated by high SMDs
(x-axis), were more present in this analysis than small studies
with small positive or negative effects. A possible reason for
thisisthat small and effective (pilot) studies are more likely to
be published [45,54,62]. We did not, however, downgrade the
quality of evidence on basis of the funnel plot because removing
these small studies from the analysis did not result in a change
of the pooled estimate.

Therefore, there was moderate quality evidence from 9 studies
(combined n = 2402) that Web-based interventions had a
significant positive effect on self-efficacy measured with
disease-specific self-efficacy scales. Figure 3 shows that the
SMD of these 9 studies was 0.23 (95% Cl 0.12 - 0.33).

Figure 3. Comparison of Web-based versus usual care for the outcome disease-specific self-efficacy

Experimental Contral Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean S50 Total Mean S50 Total Weight IV, Random, 85% CI IV, Random, 85% CI
Cousineau 2008 55.88 16.74 86 51.18 18.44 82  10.6% 0.27 [-0.01, 0.56] i
Hirai 2006 720.38 151.36 13 &77.14 163.85 14 1.7% 0.88 [0.08, 1.68] -
Lorig 2002 T.05 2 180 6.66 18 231 18.4% 0.20 [0.01, 0.38] el
Lorig 2006 B.46 217 354 B5.21 222 426 25.5% 0.11 [-0.03, 0.25] -
Lorig 2008 5.89 208 310 5.14 205 331 23.2% 0.36 [0.21, 0.52] o
Man 2006 757 18.13 25 6847 1424 20 3.0% 0.43 [F0.17, 1.03] -
Ross 2004 BB 20.1 54 Bd 20.1 53 6.7% 0.20 [-0.18, 0.58] T
Tuil 2007 14.75 28 102 14.7 2.8 T 10.2% 0.02 [-0.28, 0.31] —_
Zutz 2007 731 5.2 ] 69.2 8.7 5 0.8% 0.83 [-0.53, 1.78]
Total (95% CI) 1152 1250 100.0% 0.23 [0.12, 0.33] &
Heterogeneity: Tau® = 0.01; Chi® = 1092, df = 8 (P = 0.21), * = 2T% o o5 o0 o5 1

Test for overall effect: 2 = 418 (P < 0.0001)
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Figure 4. Funnel plot for comparison of Web-based interventions versus usual care for the outcome disease-specific self-efficacy
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Self-efficacy, General

In three studies, general self-efficacy was measured using
general self-efficacy (GSE) scales[64,65]. In the study of Hill
et a [53], no significant effect from the computer-based
intervention was found on general self-efficacy. Likewise, in
the studies of Tuil et al [61] and Zutz et a [62], the Web-based
interventions did not have a significant impact on general
self-efficacy levels.

http://www.jmir.org/2010/2/e23/

We downgraded the level of evidence by two levels, from high
to low, based on limitations in the studies and on basis of
imprecision of the results (see Table 2).

Therefore, based on the GRADE approach, therewaslow quality
evidence from 3 studies (combined n = 293) that there was no
statistically  significant  difference between Web-based
interventions and usual carein increasing general self-efficacy.
The SMD of these 3 studies was 0.05 (95% CI -0.25 to 0.35).
(See Figure 5).
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Figure 5. Comparison of Web-based versus usual care for the outcome general self-efficacy

Mastery

One study used the Pearlin Mastery Scale [66] to measure the
construct mastery, an outcome that is often linked to
empowerment. In this RCT by Warmerdam et a [50], two
independent Web-based interventions were tested as to their
effectivenessto treat adults with depressive symptoms. Thefirst
intervention, which lasted 5 weeks, was a problem-solving
treatment (PST) based on the idea that by solving people’s
practical problems their depressive symptoms will improve.
The second intervention, which lasted 12 weeks, was acognitive
behavioral therapy (CBT), aimed at changing peopl€'s cognitive
patterns to decrease symptoms of depression. Pre- and post
treatment mastery levels between the intervention groups and

http://www.jmir.org/2010/2/e23/
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a control group on a waiting list were compared. Both
interventions were found to have had a significant effect on
mastery, when compared with the control group. In our analysis,
we combined the effects of the two interventions and compared
them to the studies' control group. At 12 weeks follow-up,
average mastery levels for both interventions combined was
22.32 (SD 4.17), while the waiting list control group scored
19.37 (SD 3.75). The difference between the control group and
the Web-based interventions was significant.

The mean difference [MD] was 2.95 (95% Cl 1.66 - 4.24).

Because there was only one study available, according to
GRADE there was low quality evidence (one study, n = 263)
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that Web-based interventions had a significant positive effect
on mastery measured with the Pearlin Mastery scale.

Self-esteem

Only one study included a measurement of the construct
self-esteem, measured with the Rosenberg Self-esteem (RSE)
Scale [67]. In the study of Hill et a [53] no significant effects
were found for the intervention on self-esteem. The MD was
-0.38 (95% CI -2.45t0 1.69).

For this one study (n = 120), based on the GRADE approach,
there was low quality evidence that there was no statistically
significant difference between Web-based interventions and
usual careinincreasing self-esteem.
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Summarized in Table 2 are the results of the GRADE approach
to judging the quality of the evidence of the studiesincluded in
this review. Since all included studies were randomized trials,
we started with a high quality of evidence and downgraded, if
necessary, on basis of the 5 GRADE domains.

To be ableto make clinical interpretations of the reported SMDs
described above, we reexpressed the pooled SMDs into MDs,
by using the technique of back-trandation to a familiar
instrument. This technique has been described in more detail
elsewhere [43]. Table 3 shows the absolute effects (MDs) on
the outcomes for which SMDs were calculated, by using
back-trans|ation.

Table 2. Overall judgment of quality of evidence using the GRADE approach

Outcome Measure N of Studies  Limitations Inconsistency  Indirectness  Imprecision Quiality of Evidence
Empowerment 2 SeriousdP:C No serious No serious Seriousd Low®
inconsistency  indirectness
Self-efficacy (specific) 9 Serious?PC No serious No serious No serious Moderatef
inconsistency  indirectness  imprecision
Self-efficacy (general) 3 SeriousdPC No serious No serious Seriousd Low®
inconsistency  indirectness
Mastery 1 - - - - Low?
Self-esteem 1 - - - - Low9

8 Possihility of alack of allocation conceal ment

b1 ack of blinding

€ The majority of the studies did not apply intention-to-treat analyses
9 pooled effect size upper/lower confidence limit crosses 0.5

€ Not enough studies available for a funnel plot

" Publication biasis likely, but it does not affect the pooled estimate
9 Low quality of evidence on basis of only 1 study available

Table 3. Back-trandation of SMDs into MDs by using a familiar instrument

Qutcome N of Mean Follow- Relative Effect Chosen Instrument for Back-cal culation (Range) Absolute Effect
Measure Patients  up Period
Empowerment 157 12 weeks SMD =0.61 (95% Cl DES[63] (1-5) MD 0.31
0.29-0.94) (95% C1 0.15 -
0.47)
Self-efficacy 2402 23 weeks SMD =0.23 (95% Cl  Self-efficacy Scale, asused by Lorig et a [57] (1-10) MD 0.42 (95% CI
(specific) 0.12-0.33) 0.22-0.6)
Self-efficacy 293 13 weeks SMD =0.05(95% Cl General Self-efficacy Scale Schwarzer [64] (1-5) MD 0.02 (95% CI
(genera) -0.25t00.35) -0.1t00.14)

Web-based I nterventions Ver sus Face-to-face
Interventions

Mastery

Nguyen et a [59] compared an Internet-based dyspnea
self-management program for chronic obstructive pulmonary
disease (COPD) patients with a face-to-face delivery of the
same intervention. In this pilot study, 39 COPD patients were
randomized into either one of the two intervention groups. At
baseline and after a six-month follow-up period, mastery was

http://www.jmir.org/2010/2/e23/
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measured. Results from this study indicated a slight but not
significant advantage for the Internet-based delivery compared
with the face-to-face intervention (MD = 1.20, 95% CI -1.73 -
4.13).

Because wefound only one study (n = 50) inthis category, there
islow quality evidence that there is no statistically significant
difference between Web-based interventions and face-to-face
interventions in increasing mastery.
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Self-esteem

Gollings et a [52] compared an Internet and face-to-face
delivery of a group body image and disordered eating
intervention for women. In this 8-week program, participants
were able to communicate either online or face-to-face with a
therapist that moderated 8 step-by-step group sessions aimed
at self-evaluation, managing social pressures and problem
solving around weight, and shape and eating issues, for example.
Before the intervention and at 8 weeks after the intervention,
self-esteem was measured with the RSE in both groups.
Although self-esteem improved after both interventions, no
significant differences were found between the online and
face-to-face delivery (MD =-0.10, 95% CI -0.45 to 0.25).

Again, because we found only one study (n = 39) in this
category, there is low quality evidence that there is no
statistically  significant difference between Web-based
interventions and face-to-face interventions in increasing
self-esteem (MD =-0.10, 95% CI -0.45 to 0.25).

Discussion

The Internet revolution and growing need for patient
empowerment initiatives has resulted in many Web-based
empowerment interventions that have been scientifically
evaluated. With this systematic review weintended to gain more
insight into the effectiveness of these interventions on
empowerment or empowerment-related outcomes.

Main Findings

In this systematic review, 13 RCTs and 1 quasi-RCT were
included. The included studies were clinically heterogeneous
regarding included patients, duration and intensity of the
intervention, duration of follow-up, and measured outcomes.
Statistical pooling was considered to be appropriate in studies
measuring the same outcome and comparing the same treatments
(either Web-based vs usual care or Web-based vs face-to-face).
This resulted in seven comparisons. Statistical pooling within
these comparisons showed that Web-based interventions have
a significant positive effect on empowerment measured with
the DES (2 studies), self-efficacy measured with disease-specific
self-efficacy instruments (9 studies), and mastery measured
with the Pearlin Mastery Scale (1 study). No significant effects
of Web-based interventions were found on self-efficacy
measured with general self-efficacy scales (3 studies) and
self-esteem measured with the Rosenberg self-esteem scale (1
study). When comparing Web-based interventions with
face-to-face deliveries of the sameinterventions, no statistically
significant effect was found in favor of either one of the two
deliveries, when the outcome mastery (1 study) or self-esteem
(1 study) was measured. Based on the GRADE approach, we
found that the evidence for most of the findings described above
is of low quality. This means that high quality future research
islikely to have an effect on our confidence in the estimate of
the effect. The main reason for the low quality of evidence was
that many comparisons contained only one study. In the
comparisons with more studies available, limitations in study
design (lack of blinding, allocation of treatment, not taking into
account loss to follow-up) and imprecision of the results,
resulted in downgrading the level of evidence.
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Methodological | ssues

Although the results of this systematic review indicated that
there is some evidence that Web-based interventions are
effective  in increasing certain empowerment or
empowerment-related outcomes, thelevel of evidencefor these
effectsis rather low, and the results should be interpreted with
caution. The basis for the low evidence lies in severd
methodological issues. First, aimost al included studies based
their main conclusions on analysis of treatment rather than
intention to treat. In this case, results are exposed to a high risk
of bias, because characteristics from participants who comply
with the treatment may differ from non-participants. This is
especialy the case in Web-based interventions, where it is
known that selection biasisevident, that is, familiarity with the
use of computers and the Internet leads to self selection in the
use of these technologies [68]. Results of the studies included
in this review may thus overrate the effect of the interventions
on the patient population as awhole. Moreover, compliancein
Web-based research is often found to be low [69], and therefore
it seems that Web-based interventions are not suitable for
everyone. The issue of low compliance also increases the risk
of bias. Other issues that also increase the risk of bias in the
studies we found and that should be taken into account involve
not adequately describing the randomization method and the
lack of patient blinding.

Another concern is the likelihood of publication bias. In the
comparison where disease-specific self-efficacy was the
outcome, a funnel plot showed some evidence of bias due to
publication of smaller and more effective studies or pilot studies
[45,54,62]. In the other comparisons and for outcomes
represented by only one RCT, many relatively small studies
were found, and the choice to publish these studies may have
been based on their effectiveness.

Despite theselimitations, our meta-analysisincluded only RCTs
or quasi RCTs, which gives our findings a greater robustness
than would have been possible if other study designs had been
included. Furthermore, by applying the GRADE approach to
determine the level of evidence of the effect of an intervention
on a set of relevant outcomes, we were able to draw balanced
conclusions and give transparency on the basis of how thislevel
of evidence was determined.

A final point involving the methodology of this review is our
choice to statistically pool the results of some of the included
studies. Even though pooling included studies that measured
the same outcome, these studies were clinically heterogeneous
with regard to types of patients, duration and intensity of
intervention, and duration of follow-up measurements. It has
been argued that in the face of this diversity one should not
attempt to perform a meta-analysis [ 70]. We, however, tried to
obviate the clinical heterogeneity by pooling studies that
measured the same outcome and by choosing a more
conservative random-effects model in our meta-analyses. Also,
we think that the general question asked by thisreview, that is,
whether Web-based interventions are effective in increasing
patient empowerment, could only be answered by including a
broad spectrum of studies where Web-based interventions have
been used to date for this purpose. As aresult of this choice,
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caution is advised when interpreting this review in that the
results may only apply to specific disease or to specific time
frames (eg, short-term vs long-term effects).

Other Issues

Self-efficacy

Statistically significant effectiveness of Web-based interventions
on disease-specific self-efficacy was found. On the other hand,
no effectswerefound for general self-efficacy. Because general
self-efficacy refers to a broad and stable sense of personal
competence, it is possible that Web-based interventions aimed
at a specific target patient population are too specific to
influence a stable personal characteristic (ie, atrait). Therefore,
it has been recommended that for the majority of applications,
perceived self-efficacy should be conceptualized in a
situation-specific manner [71]. Inlinewith thisrecommendation,
a systematic review of Murray et a [72] found that among
children suffering from a chronic disease, self-efficacy was
more likely to improve after use of Interactive Health
Applications compared with no intervention (SMD = 0.24, 95%
C1 0.00 - 0.48).

Sustainability of the Effects

From the results of this review, little is known about the
sustai nability of the effects. In most caseswe included datathat
was measured directly after participants were exposed to the
intervention. The effects that are reported, therefore, reflect a
direct effect of theintervention. On the other hand, in the studies
of Lorig et al [56-58], which measured disease-specific
self-efficacy, data was presented only at 6-month or 12-month
follow-ups, while the intervention in these studies lasted 6
weeks. Because of the high number of participants included in
these studies (total weight in the comparison is 67.1%) there
are some signs that the effects of these interventions remain
after alonger period of time.

Clinical Relevance

We calculated SMDs in this review. This means that the effect
sizes presented do not represent certain improvements on
specific instruments. To be able to say something about the
magnitude of the effect sizes we found, we used back
tranglations of SMDs to a familiar instrument. The results of
these back calculations are shown in Table 3. We should,
however, realize that these transformationsfrom SMDsto MDs
are somewhat arbitrary and should be interpreted with caution.
Nevertheless, we found that the datistically significant
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improvements in empowerment and empowerment-related
outcomes were rather small effects: empowerment measured
with the DES increased 6.2% after use of the Web-based
interventions and self-efficacy measured with disease-specific
self-efficacy scalesimproved 4.2% compared with usua or no
care. What the direct or indirect impacts (on clinical outcomes,
for example) of these improvements are remains unknown.

Conclusions

Implications for Clinicians

Based on this review, there is some evidence that the Internet
can be an effective method to increase patient empowerment.
Theresultsfrom thisreview show that Web-based interventions
can be effective in increasing empowerment among patients
who are, for example, suffering from diabetes, depression,
infertility, or arthritis. These findings are in line with the
growing literature on the effectiveness of eHealth interventions
in general, and on outcomes other than patient empowerment
[68,72,73]. Clinicians who are interested in empowering their
patients are encouraged to refer their patients to Internet
empowerment websites, if available and appealing to the patient.

Implications for Research

The outcome empowerment usually refers to achieving
self-efficacy, mastery, and control. Although many researchers
underlinethat these constructs are closely related to the concept
empowerment [33], dtill much is unclear about how
empowerment is defined and how it should be measured. For
example, recent work from Aujoulat et al [74] added that
empowerment aso includes a process of accepting
relinquishment of control instead of solely gaining control.
Either way, much work lies ahead for researchers in defining
and conceptualizing the term empowerment. This will enable
combining more unambiguous research outcomes and lead to
better insight into the conditions under which, and the
individuals for whom, Web-based interventions are effective
and how effectiveness can be maximized. Furthermore, future
Web-based RCTs aimed at patient empowerment should be
conducted on large populations, include the intention-to-treat
principle in their analysis [69] and, if applicable, use “sham”
website interventions to blind participants from treatment in
order to increase the quality of evidencein thisfield of research.
In this perspective, to minimize therisk of bias, researchersare
encouraged to consult quality assessment lists (such as the
Downs and Black list used in this review) prior to conducting
atrial.
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Abstract

Background: Hometelemonitoring figures among the various solutions that could help attenuate some of the problems associated
with aging populations, rates of chronic illness, and shortages of health professionals.

Objective: The primary aim of this study was to further our understanding of the clinical effects associated with home
telemonitoring programs in the context of chronic diseases.

Methods: We conducted a systematic review which covered studies published between January 1966 and December 2008.
MEDLINE, The Cochrane Library, and the INAHTA (International Network of Agencies for Health Technology Assessment)
database were consulted. Our inclusion criteria consisted of: (1) English language publications in peer-reviewed journals or
conference proceedings and (2) studies involving patients with diabetes, asthma, heart failure, or hypertension, and presenting
results on the clinical effects of home telemonitoring.

Results: Inall, 62 empirical studies were analyzed. The results from studies involving patients with diabetes indicated a trend
toward patients with home telemonitoring achieving better glycemic control. In most trials in which patients with asthma were
enrolled, results showed significant improvements in patients’ peak expiratory flows, significant reductions in the symptoms
associated with thisillness, and improvementsin perceived quality of life. Virtually all studiesinvolving patientswith hypertension
demonstrated the ability of home telemonitoring to reduce systolic and/or diastolic blood pressure. Lastly, due to the equivocal
nature of current findings of home telemonitoring involving patients with heart failure, larger trials are still needed to confirm
the clinical effects of this technology for these patients.

Conclusions:  Although home telemonitoring appears to be a promising approach to patient management, designers of future
studies should consider ways to make this technology more effective as well as controlling possible mediating variables.
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double, from 245 million in 2005 to 406 million in 2050 [1].
Closely tied to this phenomenon of aging populationsarerising
rates of chronic illnesses such as heart failure, hypertension,

Introduction

The health systems of many countries are facing serious

challenges concerning current and expected demographic trends
that may far exceed their financial resources. The United Nations
has reported that the world’'s population will continue to age,
reaching 9 billion by 2050, and in the developed countries, the
number of people over 60 years of age is expected to almost
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chronic respiratory diseases, and diabetes, some of the factors
that are driving the need to review how care is organized and
the need to propose new interventions [2]. It is generally
recognized that the chronically ill use medical, hospital, and
emergency services more often. For instance, the Health Council
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of Canada has estimated that chronic illnesses are associated
with 70% of Canadian hospital stays|[3]. Furthermore, ashortage
of health professional s has become a problem around the world,
which also imposes certain constraints in almost all countries,
rich and poor alike. According to World Health Organization
estimates, 57 countries are experiencing acute shortages of
health professionals [4]. The phenomenon of fewer health
professionals suggests that services need to be restricted and
priorities need to be set.

Information and communi cation technol ogies figure among the
solutions that could help attenuate some of the problems
associated with aging populations, rates of chronic illness, and
shortages of health professionals, and, at the sametime, facilitate
service reorganization [5]. Greater use of telemedicine, for
example, could make it easier to serve remote populations and
lessen the impact of the lack of health professionals[6].

Home telemonitoring, the focus of this study, is an application
of telemedicine in which physiological and biological dataare
transferred from the patients’ hometo the telemonitoring center
to monitor patients, interpret the data, and make clinica
decisions [7]. Home telemonitoring is a relatively recent
approach with growing numbers of applications, not only in
many industrialized countries, but aso in some developing
countries[8]. The underlying goal isto organize this*“telecare’
approach according to case and care management principles
and to substitute home telemonitoring for the integrated and
continuous monitoring classically used to monitor patients
during an episode of care. In many health care systems around
the world, home telemonitoring is an integral part of a broader
view of deinstitutionalization and reflects a societal orientation
toward maintaining patientsin their homes[9].

Paré et a [8] conducted a systematic review of the magnitude
of several outcomes associated with home telemonitoring of
patients with diabetes, pulmonary conditions (asthma, chronic
obstructive pulmonary disease [COPD], and pulmonary
transplantation), hypertension, and heart failure. That review
provided evidence that confirmed the reliability and accuracy
associated with home telemonitoring as an approach to patient
management among patients with these diseases. In general,
very few errors and technical problems were faced in the
projects considered inthereview. The earlier systematic review
also presented consistent findings rel ated to the effects of home
telemonitoring on patients' attitudes and behaviors. It appeared
that most patients complied with telemonitoring programs
because this approach allowed them to actively participate in
the process of care, improved their feelings of security, and led
to their empowerment. Of utmost importance, the authors
reported some evidence of the positive effects of home
telemonitoring on the patients’ conditions, especially in the
cases of pulmonary conditions and heart failure. Given the
importance of improving the medical condition of patients and
their well-being with any approach to care, the authors
recommended that the goal of future research beto evaluate the
clinical effects of home telemonitoring.

In this regard, the primary objective of the present study was
to update the systematic review conducted by Paré et al [8] and,
most importantly, provide a deeper analysis of the clinical
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effects associated with home telemonitoring programs. We
decided to focus on four chronic conditions: diabetes, asthma,
heart failure, and hypertension, given the availability of
empirical evidence on theseillnesses. The second objective was
to identify and discuss the main conditions for success when
implementing home telemonitoring programs.

Methods

Our systematic review, which followed the PRISMA guidelines
[10], covered studies published from January 1966 through
December 2008. The following three databases were consulted:
MEDLINE (PubMed interface), The Cochrane Library, and the
International Network of Agencies for Health Technology
Assessment (INAHTA) database. For the purpose of this study,
the inclusion criteria consisted of: (1) English language
publications in peer-reviewed journals or conference
proceedings, and (2) studies that presented results in terms of
clinical effects and involved patients with diabetes, asthma,
heart failure, or hypertension.

We conducted the search using four keywords (home
telemonitoring, hometel ecare, telehealth, and telehomecare) in
conjunction with each of the following terms: diabetes, asthma,
heart failure, and hypertension. The original search resulted in
179 articles after eliminating duplicate studies, systematic
reviews, and meta-analyses. From these, 54 articleswere deemed
not relevant based on title. The remaining 130 articles were
reviewed by 2 of the investigators to determine whether they
were appropriate for inclusion. In this process, the reviewers
relied on the following exclusion criteria: (1) other forms of
home telehedlth interventions (eg, studies that involved
downloading of data during clinic visits or at the end of the
study period, studies that included regular telephone calls by
care providers, and studiesthat only considered teleconsultation
delivered viavideo visits); (2) studiesthat did not involve home
telemonitoring experiments and, for instance, focused on a
detailed description of the technology deployed; (3) studies
examining multipathology groups of patients; and (4) editorials
or general essays. Of the 130 articles, 68 were excluded based
on these criteria (Multimedia Appendix 1 lists the excluded
studies). As a result, the final number of articles included in
thisreview was 62. Figure 1 presentsthe flow diagram detailing
the process of study selection and the characteristics and key
findings of the included studies are presented in Multimedia
Appendix 2. Importantly, using the same search strategy, studies
published after the cutoff date (ie, December 31, 2008) were
identified and their findings have been taken into account as
complementary material and, as such, are described only inthe
Discussion section.

To meet our main objective, thefirst author devel oped a coding
schemefor the articles. The completeness and reliability of the
coding table was tested by randomly selecting 8 studies (ie,
13% of the sample) and then having the first 2 authors
independently code them. This resulted in a 92% rate of
agreement. The differences were reconciled by consensus.
Following this pretest, some minor adjustments were made to
the coding scheme.
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Figure 1. Selection of studies

179 citations identified
from electronic searches

Paré et a

54 citations excluded based

on title

130 potentially relevant
articles retrieved for further
scrutiny
(based on full articles)

v

68 references excluded:

Other forms of home
telehealth interventions (41)
MNo experiment or no clinical
effects reported (14)
Studies involving
multipathology patients (9)
Editorials and essays (4)

62 included studies

The studies were analyzed in the following order: those on
diabetes (n = 24), asthma (n = 8), heart failure (n = 17), and
hypertension (n = 13). The strength of evidence in each study
was judged using the classification system drawn by Jovell and
Navarro-Rubio [11] in which study design is specified as one
of 9 levelsin descending order of strength (see Table 1). Each
level isfurther qualified by conditions of scientific rigor for the
study. We separated the trials under each chronic disease into

http://www.jmir.org/2010/2/e21/

RenderX

three groups and analyzed each group separately. Thefirst group
included studies that provided the best evidence, that is, they
corresponded to level 2 of the classification system. The second
group, corresponding to level 3, included RCTs conducted with
small samples (100 or fewer subjectsin each arm). Finally, the
third group corresponded to levels 4 to 9, representing mainly
nonrandomized trials, cohort studies, and descriptive studies.
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Table 1. Classification of study design from Jovell and Navarro-Rubio [11]
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Level Type of Study Design

Meta-analyses of randomized controlled trials
Large-sample randomized controlled trials
Small-sample randomized controlled trials
Nonrandomized controlled prospective studies
Nonrandomized controlled retrospective trials
Cohort studies

Case-control studies

© 00 N oo o B~ W N P

Anecdotes or case reports

Non-controlled clinical series, descriptive studies, consensus methods

Results

The datain Table 2 provide a general profile of our sample of
62 studies. The data show that home telemonitoring programs
have appeared quite recently. Even though the first study on
this subject was published in 1987, most early projects to be
described in the literature began to appear in the early 1990s.
Studies published between 1991 and 1995 represent 6% of the
total sample. The number of published studiesthen grew in the
second half of the decade (1996 to 1999), representing 15% of
the sample. The number then increased significantly: morethan
three quarters of the studies in the sample were published after

Table 2. Profile of the sample

2000. The data also show that 45% of the studies were carried
out in the United States, approximately athird were conducted
in Europe, while 6% were conducted in Asia and in Canada.
Finally, almost three quarters of the studiesin our sample were
RCTs, both small and large.

The following subsections present and illustrate the nature and
scope of theclinical effects associated with home telemonitoring
programs. As explained above, these effects will be discussed
in the specific context of the chronic illnesses included in the
present anaysis. diabetes, asthma, heart failure, and
hypertension. Given the higher level of evidence provided by
large RCTs, we highlight these findings in our analysis.

Diabetes Asthma Heart Failure Hypertension Full Sample
(n=24) (n=8) (n=17) (n=13) (n=62)

Year of publication

Prior to 1991 - - - 1 1(2%)

1991-1995 4 - - - 4(6%)

1996-2000 3 1 2 3 9 (15%)

2001-2004 12 4 7 5 28 (45%)

2005-2008 5 3 8 4 20 (32%)
Wherethe study was conducted

United States 11 3 8 6 28 (45%)

Europe 10 2 6 3 21 (34%)

Asia 2 1 - 1 4(6%)

Canada 1 - 2 1 4 (6%)

Elsewhere - 2 1 2 5 (8%)
Type of publication

Journa article 24 8 16 13 61 (98%)

Proceeding - - 1 - 1(2%)
Research design

Large RCT 2 1 5 3 11 (18%)

Small RCT 19 5 8 2 34 (55%)

Nonrandomized study 3 2 4 8 17 (27%)
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Diabetes

In the first of two large RCTs in our sample, patients were
followed by two general medicine clinicsin asingle county in
Cdlifornia[12]. Veterans with a diagnosis of diabetes mellitus
or who had an active prescription for a hypoglycemic agent
were identified. Excluded were patients who were more than
75 years of age and patients who had a diagnosed psychotic
disorder, a disabling sensory impairment, or a life expectancy
of less than 12 months. Patients were randomly assigned to
usual care or to receive an intervention that consisted of aseries
of automated telephone calls designed to identify patients with
health and self-care problems and to deliver targeted and tail ored
self-care education messages. The calls consisted of
hierarchically structured messages composed of statementsand
queries recorded with a human voice. During each assessment,
patients were asked to report information about self-monitored
blood glucose readings, perceived glycemic control, symptoms
of poor glycemic control, foot problems, chest pain, and
breathing problems. At the end of each assessment, patients
were given the options of listening to a randomly cycling
diabetes “health tip” and of participating in an interactive
self-care education modul e focused on diet and weight control.
On a weekly basis, the automated system generated reports
organized according to the urgency of reported problems, and
anurse used these reports to prioritize patient contacts. During
follow-up calls, the nurse not only addressed problemsreported
during the assessments but al so provided more general self-care
education. Patients assigned to the usual care control group had
no systematic monitoring between clinic visits and received no
reminders of upcoming clinic appointments.

Clinical effects were collected at 12 months for 89% of the
patients (n = 248). Patients in the intervention group (n = 124)
reported better glycemic control (P = .01) and fewer diabetic
symptoms (P < .001) at follow-up than patients in a control
group that received usual care. While telemonitored patients
had minimally lower HbA1c levels (0.3%, P = .1) at follow-up
than patients in the control group, the proportion of patients
with normal HbA1c levelsin the intervention group increased
by 9% (17% vs 8%, P =.04), while serum glucose levelsamong
these patients decreased by 41 mg/dL compared with baseline
(180 vs 221 mg/dL, P = .005). Based on these findings, Piette
et a [12] concluded that automated calls represented an effective
strategy for improving glycemic control and for controlling
symptoms among vulnerabl e patients with diabetes.

In the second large RCT, Shea et al [13] conducted a study
comparing home telemonitoring with usual care in 1665
Medicare recipients with diabetes aged 55 years or over and
living in federally designated, medically underserved areas of
New York State. Excluded were patients with moderate or
severe cognitive, visual, or physical impairments or who had
severe comorbid disease. Participants randomized to the
intervention group (n = 844) received ahometelemedicine unit
(HTU). The HTU consisted of a Web-enabled computer with
a modem connection to an existing telephone line. The HTU
provided four mgjor functions: (1) videoconferencing over plain
old telephone service (POTS) connections, allowing patientsto
interact with nurse case managers; (2) remote monitoring of
glucose and blood pressure; (3) dial-up Internet service provider
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access and secure Web-based messaging with nurse case
managers, and (4) accessto an educational website created for
the project by the American Diabetes Association. Patients in
the usual care group (n = 821) remained under the care of their
primary care providers.

In the intervention group, the study found that, within one year,
mean HbA 1¢ had improved from 7.35% to 6.97%. In asubgroup
with baseline HbA1c greater than or equal to 7%, HbAlc
improved from 8.35% to 7.42% (n = 353). In the usua care
group, within one year mean HbA 1c had improved from 7.42%
to 7.17%. Adjusted net reductions favoring the intervention
wereasfollows: HbA1c, 0.18% (P = .01); systolic and diastolic
blood pressure, 3.4 mmHg (P =.001) and 1.9 mmHg (P <.001);
and LDL cholesterol, 9.5 mg/dL (P <. 001). Based on these
results, the telehomecare program improved patients' glycemic
control, blood pressure levels, and total and LDL cholesterol
levels after one year of follow-up.

A total of 19 small RCTs examined the effects of home
telemonitoring programs on patient outcomes. Asindicated in
Multimedia Appendix 2, a significant decrease in HbA1c was
observed in 10 of these studies for patients in the home
telemonitoring groups [14-23]. For instance, Welch et a [20]
reported that the mean HbA 1c change scorefor theintervention
group (n = 26) was statistically significant at 6 months (P =
.001) and at 12 months (P <. 001), while the usual-care group
(n = 26) showed small improvements that were not significant
at either 6 or 12 months. These results indicated that the
intervention, which focused on blood glucose control and insulin
adjustment, wasclinically useful in reducing HbA 1c. Asanother
example, Lavery et al [17] reported a significant decline in the
number of diabetic foot complications in a group using
hand-held infrared skin thermometers (P =. 01).

These findings were not consistent, however, with the results
reported in 9 small RCTsthat found that electronic transmission
of blood glucose levels was equally as effective as standard or
conventional outpatient management [24-32]. For instance,
Chase et al [24] did not find significant differences in diabetes
complications (eg, hypoglycemia) intheir sample of adolescent
diabetic patients. They observed that electronic transmission of
blood glucose level s and other diabetic data every 2 weeks—in
lieu of a clinic visit—resulted in a similar level of glucose
control and incidence of acute diabetes complications when
compared with current standard care. As another example,
Ladyzynski and Wojcicki [32] observed less variability in
glycemic control among the patientsin the hometelecare group.
Thisindicated that the home telecare system helped patients to
better comply with their physician’s recommendations to
maintain glycemic control. Nevertheless, the mean level of
metabolic control and theinsulin dose adjustment patternswere
very similar in both groups, regardless of a much higher
reporting frequency of blood glucose levels in the intervention

group.

Finally, three nonrandomized studies [33-35] aso reported
better glycemic control with home telemonitoring.
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Asthma

The data in Table 2 show that our sample included 8 studies
associated with asthma, including one large RCT. The RCT
was conducted by Rasmussen et a [36] with a sample of 300
Danish adults randomized to three groups. (1)home
telemonitoring by Internet (the intervention group),
(2)monitoring by a specialist, and (3)monitoring by a general
practitioner. After 6 months, the authorsfound that fewer asthma
symptoms were reported by patients in the intervention group
than in either the group monitored by specialists (P = .002) or
the group monitored by a general practitioner (P = .001). The
intervention group al so reported better quality of life compared
with the groups monitored by the specialists and the genera
practitioners (P = .03 and P=.04, respectively) aswell as better
pulmonary function (P = .002 and P = 001, respectively). In
summary, thislarge RCT suggested that a patient’s asthmawas
better controlled when physicians and patients used an
interactive tool to monitor asthma over the Internet.

The positive results reported above were confirmed in 4 of the
5 small RCTs that included asthmatic patients [37-40]. For
instance, Jan et a [37] assessed the effectiveness of an
Internet-based interactive asthma educational and monitoring
program. At the end of this 3-month trial, compared with
conventional asthma management (n = 76), the Internet group
(n = 88) had fewer nighttime symptoms (P = .03) and daytime
symptoms (P = .01); improved peak expiratory flow (PEF) in
the morning (P =. 02) and at night (P = .01); and improved
quality of life (P = .05). In another example, Guendelman et al
[38] observed that the odds of having any limitation in activity
during the 90-day tria were significantly lower (P = .03) for
children randomized to an Internet group (n = 66) than among
children inacontrol group (n = 68). Theintervention group was
significantly less likely to experience PEF readings that
indicated a severe asthma exacerbation or that indicated the
child’s asthma was not under sufficient control and required
additional medication (P = .01). Urgent calls to the hospital
were aso significantly less likely in the intervention group (P
=.05).

Only onesmall RCT did not produce significant results. Indeed,
Willems et a [41] found nonsignificant differences between
the experimental group (n = 55) and the control group (n = 54)
in terms of asthma symptoms and quality of life. According to
the authors, there were two main reasons for these findings:
infrequent data transmission (once a month) and the low to
moderate severity of asthma among participants.

Lastly, positive and significant clinical outcomes associated
with home telemonitoring were observed in one small
nonrandomized trial [42] and in one cohort study [43].

Heart Failure

Most studies concerned with home telemonitoring of heart
failure patients have considered either patient outcomes (eg,
mortality rates and quality of life) or quality metrics reflecting
efficiency in care delivery (eg, hospital readmission rates,
emergency room visits, and length of stay) or both. We will
begin by highlighting the findings of large RCTs and then
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present the main trends found in the smal RCTs and
nonrandomized studies.

Inthefirst large RCT, 280 patients from 16 heart failure centers
across the United States were randomly assigned to the
intervention group or to the control group. The 138 participants
in the intervention group were provided with ahome monitoring
system and the 142 participants in the control group received
standard care [44]. The home monitoring system included an
electronic scale placed in the patient's home and an
individualized symptom response system, which waslinked via
a standard phone line. Patients were instructed to weigh
themselves and to answer yes/no questions about heart-related
symptomstwice daily. Over the course of the 6-month follow-up
period, there were 26 (18.4%) deaths in the control group and
11 (8.0%) deathsin theintervention group, representing a56.2%
differencein mortality rates (P < .01). However, no significant
difference was found between the two groups in terms of time
to death or first readmission to hospital (P = .16). Further,
patients in both groups experienced improvements between
quality of life scores obtained at baseline and at the 6-month
follow-up. Although none of the differences were statistically
significant, the intervention group tended toward improvements
in al the quality of life measures. Finally, no significant
differenceswere observed between theintervention and control
groups in terms of time to first emergency department visit,
total number of emergency department visits, or total number
of cardiovascular hospitalizations.

In asecond study, conducted by Benatar et a [45], 216 patients
with heart failure were randomized to one of two home health
care delivery methods for 3 months after discharge from
hospital. Care was delivered either through home nurse visits
or a nurse telemanagement method. Patients in the nurse
telemanagement group (the intervention group) used
telephone-linked home monitoring devices to measure their
weight, blood pressure, heart rate, and oxygen saturation level.
These dataweretransferred daily to asecure Internet site. When
a patient’s physiological data exceeded preestablished limits,
an alarm would be automatically transmitted to an alphanumeric
pager carried by an advanced practice nurse. The results of the
study showed that quality of life as measured by the Minnesota
Living with Heart Failure Questionnaire was significantly
improved for both groups. However, the researchers observed
a trend toward greater improvement in quality of life in the
nurse telemanagement group compared with the control group.
More specificaly, the mean score on the quality of life
questionnairefell from 77.9to 51.6 (lower scoresindicate better
quality of life) in the intervention group (P < .01) compared
with adecreasefrom 77.2t0 57.7 inthe control group (P <.01).
Importantly, patientsin the intervention group had fewer hospital
readmissions for heart failure (P < .001) and shorter lengths of
stay in hospital (P < .001) compared with the control group.

Third, Cleland et a [46] sought to identify whether patients
allocated to a home telemonitoring group (the intervention
group) would provideimproved outcomes compared with nurse
telephone support (control group 1) and usua care (control
group 2) for patients with heart failure who were at high risk of
hospitalization or death. Patients with a recent admission for
heart failure and a left ventricular gjection fraction less than
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40% were assigned randomly to the intervention group, control
group 1, or control group 2 in a 2:2:1 ratio. The intervention
group (n = 106) used automated devices to send
self-measurements of weight, blood pressure, heart rate, and
heart rhythm twice daily to a cardiac center. Control group 1
consisted of patients for whom specialist nurses were made
available by telephone (n = 110). Control group 2 consisted of
patients for whom primary care physicians delivered the usual
care (n=55). During 8 months of follow-up, higher mortality
was observed among the patients assigned to receive usual care
than among the patients assigned to receive nurse telephone
services or home telemonitoring (P = .03). In terms of service
utilization measures, the number of readmissions was similar
between patients in control group 1 and the telemonitoring
group, but for readmitted patients, the mean length of stay was
6 days less for the group with home telemonitoring compared
with mean length of stay for readmitted patientsin control group
1 (no P value reported).

Fourth, the Heart Failure Home Care trial was a multicenter
randomized controlled trial of enhanced versus routine heart
failure monitoring in Medicare-eligible patients who were
women and/or racial minorities[47]. Inclusion criteriaincluded,
but were not limited to, Medicare beneficiaries greater than 65
years of age who had been discharged from hospital with a
primary or secondary diagnosisof heart failurewithin 6 months
of randomization. A total of 315 patients were randomly
gned to two groups: 160 patients received ahome monitoring
system and the control group consisted of 155 patients who
received standard care. Patients in the intervention group were
asked to weigh themselves daily and respond to questions
concerning heart failure symptoms. The monitored group
transmitted their information to a telemonitoring center. When
apatient’sweight exceeded a preestablished limit, anursewould
contact the patient and notify the attending physician. All
participants were provided with educational materials and
information as to when they should seek medication attention.
The compliance rate associated with el ectronic datatransmission
of patients weights and symptoms of heart failure was very
high at 97%. The incidence of the primary outcome, 6-month
cardiac mortality, or readmission for heart failure, was not
statistically different between the control and intervention groups
(P =.15). Emergency room visitswere common in both groups,
and the number of emergency room visitswas comparable across
groups (P = .43). In short, this study was unableto find a benefit
from home telemonitoring as compared with the traditional
home care model over a 6-month period.

The fifth and last large RCT evauating the health effects of
hometelemonitoring of patientswith heart failure was conducted
by Dansky et a [48] in 10 home care agencies in the same US
state. The patient sample consisted of 2 experimental groups
and a control group in each of the 10 agencies. The first group
allocated to home telemonitoring (experimental group 1)
consisted of patientswho were each given aterminal to transmit
daily their blood pressure, weight, and heart rate to their home
care agency. The second home telemonitoring group
(experimental group 2) consisted of patients who were given
the sametype of terminal asthefirst group in additionto avideo
camera, which was used 2 or 3 times a week for a remote
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consultation with anurse. Inall, 284 patients participated in the
study asfollows: 112 in the control group, 127 in experimental
group 1 and 45 in experimental group 2. The outcomes of
interest were control of the symptoms associated with heart
failure and mortality. Over the 120-day follow-up period, the
mortality rate was similar between the control group and
experimental group 1 (P = .11) and between the control group
and experimental group 2 (P = .47). However, the reduction in
symptomswas more pronounced in the patientsin experimental
group 1 than in the other two groups, both for symptoms
associated with diet (P = .04) and those associated with their
use of medication (P = .001). There was also a tendency for
patients in the home telemonitoring groups to have fewer
hospitalizations at two points in time, at 60 and 120 days,
however, the differences were statistically significant only at
60 days (P = .01). Lastly, patientsin both home telemonitoring
groups had fewer emergency room visits than patients in the
control group. At 60 days, approximately 30% of the control
group had had an emergency room visit, compared with 24%
of experimental group 1 and 18% of experimental group 2 (P
= .01). The differences were less striking at 120 days, but
followed the same pattern.

Wefound 7 small RCTsand 3 nonrandomized studiesin which
P values were reported [49-58]. We observed that 9 of these
studies measured the effects of home telemonitoring on patients
quality of lifeor symptoms. All except 2 of these studies[53,56]
found an improvement in quality of life or a reduction in
symptoms over the course of the intervention in the patients
followed by home telemonitoring. The P values presented in
these studies varied from .002 to .05. However, the two studies
in which mortality was the outcome of interest were unable to
demonstrate a statistically significant differencein favor of the
home telemonitoring group [52-53]. A small RCT [59] and a
nonrandomized study [60] did not report P values.

Inadditiontothelarge RCTs, 3 small RCTsand 2 cohort studies
examined the effects of home telemonitoring on health services
utilization. All 3small RCTs[51,52,55] reported no significant
differences in the number of readmissions or length of stay
between the telemonitoring intervention group and the control
group receiving usual care On the other hand, the number of
readmissions and the number of days of hospitalizations for
chronic heart failure among the participants in both cohort
studies [57-58] decreased significantly during the 12-month
study period (P <. 001).

Hypertension

We found 3 large RCTs that examined populations of patients
with hypertension. In the first, Friedman et a [61] evaluated
the effects of automated telephone patient monitoring and
counsdlling on patient adherenceto antihypertensive medications
and on blood pressure control. The randomized trial was
conducted in 29 communities in the greater Boston area. The
study subjectswere 267 patients recruited from community sites
who were over 60 years of age, on antihypertensive medication,
had a systolic blood pressure (SBP) greater than 160 mmHg
and/or adiastolic blood pressure (DBP) greater than 90 mmHg.
Patientswere excluded if they had alife-threateningillness, did
not speak English, did not have a telephone, or were unable to
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use a telephone. The study compared subjects who received
usua medica care (n = 134) with those who used a
computer-controlled telephone system in addition to their usual
medical care (n = 133) over a period of 6 months. Each week,
subjectsin theintervention group reported self-measured blood
pressures, knowledge of and adherence to antihypertensive
medication regimens, and medication side-effects. This
information was sent to their physicians. Resultsindicated that
mean antihypertensive medication adherence improved 17.7%
in the intervention group and 11.7% in the control group (P =
.03). Furthermore, mean DBP decreased 5.2 mmHg in the
intervention group compared with amean decrease of 0.8 mmHg
in the control group (P = .02). Among the intervention group,
mean DBP fell more among participants who had improved
adherence to their medication regime (P = .03).

Inthe second RCT, Artinian et al [62] tested the hypothesisthat
individuals who participated in usual care plus blood pressure
(BP) telemonitoring (the intervention group) would have a
greater reduction in BP from baseline to 12-month follow-up
than would individual swho received usual care only (the control
group). A two-group, experimental, longitudinal design was
used with block-stratified randomization. African Americans
with hypertension were recruited through free BP screenings
offered in the community. Data were collected at baseline and
a 3-, 6-, and 12-month follow-ups. Results indicated that the
intervention group (n = 167) had a greater reduction in SBP
(13.0 mmHg) than the control group (7.5 mmHg; P =.04) from
the baseline to the 12-month follow-up. Although the reduction
in DBP was greater in the intervention group (6.3 mmHg)
compared with the control group (4.1 mmHg), the difference
was not statistically significant (P =.12).

The third RCT was conducted by Madsen et a [63].
Hypertensive patients recruited by general practitioners
participated in the study. Blood pressure of participants in the
intervention group (n = 105) was telemonitored from patients
homes. In the control group (n = 118), patients received usual
carewith office visitsto monitor blood pressure. After 6 months,
participantsfilled out the Short-Form-36 Health Survey to assess
quality of life. Patients in the telemonitoring group had higher
mean scores in the bodily pain domain than patients in the
control group, indicating less pain and interference with
activities among telemonitored patients (P = .03). In both
groups, systolic BP decreased significantly from baseline to
follow-up. The decrease was -11.9 mmHg in the intervention
group and -9.6 mmHg in the control group (mean difference of
-2.3, P =23). As a result, the authors concluded that
antihypertensive treatment based on telemonitoring of home
BP was as effective at reducing BP as usua office BP
monitoring.

The two small RCTs in our sample [64-65] confirmed the
positive outcomes of home telemonitoring in hypertensive
patients. For example, in the study by Rogers et al [63], the
intervention group consisting of 60 patients, and the control
group consisted of 61 patients. The results indicated that blood
pressure fell 2.8 mmHg among the telemonitored patients and
rose 1.3 mmHg among usual care patients (P = .01 for the
difference between the groups). The mean diastolic BPfell 2.0
mmHg in the experimental group but rose 2.1 mmHg among
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patientsin the control group (P = .01 for the difference between
the groups). Furthermore, mean systolic BP fell 4.9 mmHg in
the group with home telemonitoring versus 0.1 mmHg in the
group with usual care (P =.05).

Finally, 8 nonrandomized studies [66-73] aso evaluated the
clinical effects of home telemonitoring in hypertensive patients,
of which 7 reported P values. The results of all of these studies
indicated that home telemonitoring appeared to have benefits
as shown by the clinical effects that were measured.

Discussion

This section summarizes and discusses our main findings. First,
theresultsfrom the 24 diabetes studiesindicated atrend towards
better glycemic control. Positive outcomes were observed in
both large RCTs as well as in 13 other studies, including 10
small RCT studies. There were 9 other studies that concluded
that home telemonitoring is as effective in glycemic control as
thetraditional approach to homefollow-up. Overal, our findings
are consistent with recent systematic reviews and meta-analyses
on hometelemonitoring for diabetes management, for example,
the reviews by Paré et a [8] and Polinesa et a [74]. As shown
in Multimedia Appendix 2, most studiesincluded in the present
review included patients with insulin-dependent diabetes
mellitus (IDDM) and, hence, results might not be generalizable
to other types of diabetes. In addition, it was not clear from the
results of these 24 studies whether improvement in the clinical
condition of patientswasthe result of the use of the technology
itself or because of other factors. For instance, the positive
outcomes observed in the study by Shea et al [13] might also
be associated with the intensified provider consultation and/or
the increased access to educational material. Similarly, Stone
et al [75] found that active medication management by a nurse
practitioner along with home telemonitoring demonstrated
reductions in HbAlc after 3 and 6 months. Future research
should therefore assess the relative impact of other potentially
mediating variables or conditions on the clinical outcomes
observed.

Second, as for asthma, 5 of the 6 RCTs included in this
systematic review showed a significant improvement in PEF,
a significant reduction in the symptoms associated with this
illness, and a large improvement in perceived quality of life.
Overall, our findings are aligned with arecent systematic review
of home telemonitoring and respiratory conditions[76]. While
these results may be encouraging, it is unclear whether the use
of technology either promotes the resolution of symptoms,
empowers the patient to self-manage their condition, or both.
We concur with Smith et a [77] that studies are needed that
address how the use of patient monitoring technology leads to
self-management.

Third, home telemonitoring also provided for better control of
blood pressure than the traditional home follow-up model. The
findings from 4 of the 5 RCTs and 7 of the 8 nonrandomized
studies of strategies to control blood pressure suggested that
home telemonitoring does a better job of improving state of
health in hypertension patients than other approaches. It isworth
noting that in most cases the studiesfound asignificant dropin
blood pressurein thefirst 3 months of remote monitoring. While
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our findings are consistent with those reported el sewhere, for
example the reviews by Paré et a [8] and Jaana et a [78], very
few studies have presented changes in compliance with
medication regimens and quality of life associated with home
telemonitoring. A recent trial conducted by Parati et a [79] also
confirmed the positive outcomes observed in this review. In
that study, 329 hypertensive patients were randomized to either
usua care on the basis of office blood pressure (the control
group, n = 113) or to integrated care on the basis of
teletransmitted home blood pressure (n = 216) and were
observed over a period of 6 months. Results indicated that the
percentage of daytime blood pressure readingsthat were within
the normal range during the study period was higher in the group
that teletransmitted their blood pressure readings than in the
control group (P < .05). However, no significant between-group
differences were found in the rate of change in treatment
regimens prescribed by the physicians. Quality of life also
tended to be higher in the intervention group, but the difference
was not statistically significant. As a final remark concerning
studies of home monitoring of patients with hypertension, the
positive outcomes observed must be interpreted with caution
because most trials were nonrandomized and several studies
had small sample sizes.

The positive effects reported for diabetes, asthma, and
hypertension are mainly associated with thefact that, by itsvery
nature, telemonitoring allows for more frequent follow-up of
patients and, as a result, may provide earlier detection of
warning signsthat a patient’s state of health isdeteriorating [8].
However, many studies of heart failure have failed to show a
reduction in either mortality or hospitalization rates, although
afew trials have reported atrend towards shorter lengths of stay
in hospital, for example, the studies of Benatar et al [45] and
Cleland et a [46]. These findings are consistent with those
reported by Paré et al [8] aswell as the findings of two recent
RCTs. In the Home-HF study [80], 182 patients with a recent
hospitalization for heart failure were randomly assigned to daily
telemonitoring or to a control group that received a package of
intensive, conventional expert care. Although the study did not
find significant differences between the two groupsin survival
(number of days) or in the number of days out of hospital, the
results confirmed that home telemonitoring allowed early
detection of worsening symptoms (P < .01). Similar to previous
RCTs, for example the studies by Goldberg et a [44] and
Benatar et a [45], the study failed to show an impact on quality
of life. In another recent study, the Home or Hospital in Heart
Failuretria [81], patientswith ahospitalization for heart failure
inthe previous year were randomly assigned either to usual care
(n = 160) or to home telemonitoring (n = 301). Mortality and
length of stay were low in both groups and did not differ
significantly.

Critical Success Factors

Given the state of knowledge in this area, it becomes pertinent
and important to examine the main conditions for a successful
home telemonitoring program. These conditions are related to:
(2) the patients targeted by the telemonitoring intervention, (2)
the technological devices used, and (3) the characteristics of
the telemonitoring program and work organization. Meeting
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the conditions described below may increase the likelihood of
positive and statistically significant clinical effects.

First, with respect to the patients targeted by home
telemonitoring programs, it needs to be determined whether
home telemonitoring is suitable to everyone. On the basis of
the studies in our sample, this would not appear to be the case.
Several exclusion criteria were used in these studies. Patients
were often excluded if they had amoderate or serious cognitive,
visual, or physical disability. Also commonly excluded were
patients who did not own a phone or who had alife expectancy
measured in months rather than years. When determining
eligibility criteria, it cannot be denied that some patients appear
to benefit more than others. Several studies have suggested that
the beneficial effects on state of health are observed mostly
among patients whose state of health is considered serious (eg,
the studies by Kwon et al [23] and Trappenberg et a [82]);
patients who want to play an active role in the management of
their illness (eg, the studies by Madsen et al [63], Rickerby and
Woodward [83], DelliFraine and Dansky [84], and Hopp et a
[85]); and patients who are interested in using this type of
technological device (eg, the studiesby Véhatalo et al [27], and
Madsen et al [63]).

In terms of the technology, the user-friendliness of the device
installed in the home and its nonintrusiveness in the lives of
patients, particularly for the youngest patients, appear to be
important acceptance criteria. Given the fact that the patients
with chronic disease who are targeted in home telemonitoring
applications do not all have the same level of technological
skill, the same level of education, the same professional
congtraints, or the same lifestyle, and that some may have a
dight visual or motor deficit, it would be preferable for
application providers to ensure that patients have the
technological device best suited to their specific needs. For
some, asecure Web link will represent the best solution, whereas
for others a cellular phone will be the most appropriate
technology. Furthermore, the use of electronic measurement
instrumentsisbecoming increasingly common. Such instruments
not only simplify dataentry and transfer, they also provide more
reliable data. As suggested by Dansky et a [48], empirical
studies comparing various technologies (eg, Internet-based
versus tel ephone-based) would provide important information
for the advancement of chronic illness management.

Finally, certain issues appear to be associated with the tension
that is created when telehomecare is added to home care
services. The authors of afew studies (eg, studies by Gomez et
al [16], Montori et a [21], and Biermann et a [29]) have
suggested that the implementation of a telehomecare program
requires a review of work organization to ensure a quick
response to an aert from the technology as well as of areview
of work organization planned around standard interventions. It
is therefore important to plan for and then assign one or more
nursing resources (depending on the number of patients
followed) to monitor the clinical data received every day and
take the required actions, as, for example, in the studies by
Ahring et a [13] and Knox et a [86]. Moreover, a home
telemonitoring application must be designed and implemented
with the understanding that it is a complementary intervention
and not a solution that replaces primary care[12]. Furthermore,
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telemonitoring completes and consolidates the health care
system by allowing a continuum of care based on patient needs.
Many of the telemonitoring programs that produced conclusive
clinical results maintained their patient follow-up by telephone
or in the hospital, as, for example in the studies by Shae et al
[12], Shultz et @ [17], and Jan et a [36]. Periodic visits to a
medical clinic and home visits by nurses are also maintained,
but their frequency may be adjusted based on changes in a
patient’s state of health. Theideaisthat the technological device
is not a substitute for follow-up of chronically ill patients by a
health professional, rather such devices are used as leverage to
improve the effectiveness and quality of professionals’ work.

Limitations

Despite our use of a thorough search strategy, some empirical
studies on home telemonitoring interventions may not have
beenidentified for thisreview. Specifically, we did not examine
the gray literature (unpublished documents and reports) on this
topic; we focused instead on data that had been published
through the peer-review process. Importantly, a meta-analysis
was not possi ble due to the various data coll ection methods and
outcomes in the reported studies. As well, it was not clear
throughout the studies examined herein whether improvement
in the clinical condition of patients was the result of the use of
the technology itself or of other mechanisms, such as the
intensified provider consultation or the greater access to
education material . Future research should assess the impact of
other potentially mediating variablesor conditionson theclinica
outcomes observed.
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In spite of these limitations, this is the first systematic review
to our knowledge that specifically examines the clinica
outcomes of home telemonitoring programs across a variety of
chronic conditions and addresses the critical success factors
associated with such interventions. Insights regarding clinical
outcomes of this emerging intervention and possible ways of
making it more effective are presented in an organized manner,
and future research directions in this area are recommended
based on this systematic review.

Conclusion

In the interests of providing appropriate support to the growing
offer of home care services for the chronicaly ill and to
maximize the associated benefits, health care organizations and
professionals must, in our opinion, incorporate information
technologies. Home telemonitoring, which requires the active
participation of patients, constitutes a case in point. This mode
of intervention allows for closer monitoring of each patient’s
condition, as well as early detection of warning signs that a
patient’s health isdeteriorating. Thefindings of empirical studies
conducted so far are encouraging. Theresults of alarge mgjority
of studies indicated better glycemic control and improved
control of asthma and blood pressure. However, due to the
equivocal nature of current findings pertaining to the clinical
effects of home telemonitoring in the context of heart failure,
larger trias are needed to confirm the benefits of thistechnology
for these patients.
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