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Abstract
Background—The Internet presents a widely accessible, 24-hour means to promote chronic
disease management. The objective of this review is to identify studies that used Internet based
interventions to promote lifestyle modification among adults with type 2 diabetes.

Methods—We searched PubMed using the terms: [internet, computer, phone, smartphone,
mhealth, mobile health, web based, telehealth, social media, text messages] combined with
[diabetes management and diabetes control] through January 2013. Studies were included if they
described an Internet intervention, targeted adults with type 2 diabetes, focused on lifestyle
modification, and included an evaluation component with behavioral outcomes.

Results—Of the 2803 papers identified, nine met inclusion criteria. Two studies demonstrated
improvements in diet and/or physical activity and two studies demonstrated improvements in
glycemic control comparing web-based intervention with control. Successful studies were theory-
based, included interactive components with tracking and personalized feedback, and provided
opportunities for peer support. Website utilization declined over time in all studies that reported on
it. Few studies focused on high risk, underserved populations.

Conclusion—Web-based strategies provide a viable option for facilitating diabetes self-
management. Future research is needed on the use of web-based interventions in underserved
communities and studies examining website utilization patterns and engagement over time.

Diabetes prevalence continues to grow in the United States, affecting an estimated 8.3% of
the population (25.8 million people).1 A future projection shows an estimated increase in the
national prevalence of diabetes to roughly 26.5% of the population by the year 2050.2

Lifestyle modification and behavior changes are key components of diabetes management,
especially type 2 diabetes.3 Numerous studies have documented the benefits lifestyle
modification and disease management have on improving glycemic control and reduction of
diabetes related complications.3 However translating evidence-based recommendations to
practical strategies designed for real world settings has proven challenging and many
individuals fail to achieve the glycemic control needed to avoid diabetes related
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complications.4 Clearly practical strategies suitable for widespread dissemination are needed
that can reach individuals where they live, work and play in order to address the diabetes
epidemic in a meaningful way.

The Internet and related mobile technologies present a widely accessible, 24-hour means to
promote disease management and facilitate behavior modification.5 Implementation of web-
based interventions to assist with diabetes management has exploded over the past
decade.6,7 To date, the majority has focused specifically on using web-based technology to
facilitate the glucose monitoring process, allowing patients to upload monitoring data so
their physician can adjust the dosage of insulin or medication.6,8,9 Generally these types of
intervention have shown enhanced patient-provider communication, medication adherence
and ultimately an improvement in glucose control. A review of Internet diabetes programs
published in 2011 identified over 137 web-based mobile applications, with most focused on
insulin titration and very few focused on lifestyle modification.6 When investigators
reviewed the applications for content and strategies, inclusion of behavior theory and
education with tailored feedback were notably lacking. These findings were surprising given
that 95% of individuals with diabetes have type 2, where disease management is heavily
focused on lifestyle modification and typically includes oral agents as first line therapy.10

The primary objective of this review is to identify studies that used an Internet based
interventions to promote diabetes education and lifestyle modification among adults with
type 2 diabetes. In light of existing diabetes related health disparities that exist along
socioeconomic and racial/ethnic lines, an important secondary objective is to assess the
extent to which these interventions have tailored their interventions for diverse and/or
underserved communities.

METHODS
Search strategy: We searched PubMed using the terms: [internet, computer, phone,
smartphone, mhealth, mobile health, web based, telehealth, social media, OR text messages]
combined with the terms [diabetes management and diabetes control] through January 2013.
We supplemented this search by performing a backwards search of all of the references of
articles that met inclusion criteria or were topically relevant. Only papers that measured
patient outcomes and described the evaluation of the study were included.

Eligibility/exclusion criteria
To be eligible, studies had to describe an internet intervention that targeted adults with type
2 diabetes, focused on behavior change and/or lifestyle, and included an evaluation
component. Studies that focused exclusively on glucose monitoring or electronic health
records/web portals for uploading data were not included. Studies that included glucose
monitoring or electronic health records as part of a larger intervention focused on lifestyle
modification and patient education were eligible. Two authors independently reviewed each
abstract of identified articles. Studies were excluded at this stage if both reviewers agreed
that the eligibility criteria were clearly not met. If either reviewer could not exclude the
study based on the abstract, the full article was reviewed independently by two authors.

Data abstraction
One author abstracted the data from the articles using predetermined tables. A second
confirmed the accuracy of the data abstracted into evidence tables. Since selected outcomes
differed markedly between studies, data were not extracted for meta-analysis. Abstraction
forms included sample size, study duration, target population, behavior theory, targeted
behaviors, measured outcomes, as well as intervention strategies, including peer support
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and/or interactive components. Interactive components were defined as features that allowed
users to comment, chat, edit, or interact with the information, other users, or members of the
healthcare team. Target behaviors as described from the American Association of Diabetes
Educators 7 were also summarized for each study.11 These behaviors included, healthy
eating, being active, monitoring, taking medication, healthy coping, reducing risks, and
problem solving.

RESULTS
The search identified 2803 papers; nine studies (13 papers) met inclusion criteria.12–24

(Figure 1) Eight of the studies reviewed were randomized controlled trials with patients with
type 2 diabetes (5 small trials < 100 participants; 3 larger trials > 300 participants) and one
was quasi-experimental with a control group (n=98).21

Each study created a web-based intervention designed to promote diabetes education and
some health behavior change; a brief description of the web-based program is provided in
Table 1. The most commonly targeted behaviors included being active (8/9), healthy eating
(6/9), and glucose monitoring (5/9). Just under half of programs (4/9) included a specific
focus on coping skills and support; similarly 4 of 9 programs included a specific focus on
medication adherence. One third of programs included a focus on problem solving (3/8) and
reducing risks (3/8) such as smoking. In general, applications provided a variety of
mechanisms to promote behavior modification ranging from static education to structured
goal setting and progress tracking tools to platforms for social support. For example, in the
Glasgow 2010 study, participants were asked to set dietary and exercise goals and track their
progress using the tracking section of the website.16 In the Carter study, participants used a
social networking module to discuss issues with other participants and provide support for
one another.12 Six of nine programs specifically included some form of peer support or
online community to engage users. These online communities could take the shape of live
chats, allowing users to talk to one another instantly, as in the Glasgow 2003 study, or
message boards, allowing users to post topics for everyone to discuss, as in the Liebreich
study.14,19 Over half of the programs (6/9) reported using specific theory/conceptual
framework to design their intervention. These included Self-efficacy/Social Cognitive
Theory,14,19,20 Social Support Theory,14 Social-Ecological Framework,16 Health Belief
Model24 and Transtheoretical Model.18

Behavioral outcomes
Nearly all of the studies measured change in physical activity (8/9). Of those, only one study
reported statistically significant differences in activity levels for participants enrolled in a
web-based program vs participants in the non-web-based control group.16 In intent to treat
analyses, Glasgow et al (n=463) reported an increase in physical activity as measured by
self-report using the Community Health Activities Model Program Questionnaire (p=0.04).
Comparing a web-based program with email counseling to a control condition that provided
links to publicly available web-sites, Liebreich et al. (n=49) reported an increase in total
vigorous and moderate minutes of physical activity (measured by) but did not report
comparison between groups.19 Kim et al found that the study’s internet intervention and
print based intervention were both effective at increasing physical activity when compared
to no intervention at all but did not find a significant difference between the two
interventions.18 Richardson et al. compared two different styles of goal setting for physical
activity, encouraging a focus on total number of steps (Lifestyle Goals) vs focusing on bouts
of 10 minutes of exercise (Structured Goals) both facilitated by a web-based program.24 The
investigators found both strategies to be equally effective, though individuals focused on
total number of steps were more satisfied with the intervention.
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Over half of the studies (5/9) measured dietary behavior. Glasgow 2010 reported significant
dietary changes (eating habits, fat intake) using intent to treat analyses among individuals in
the web-based intervention arm compared to participants in the non web-based
intervention.16 There were no between group differences related to diet for the remaining
four studies that examined diet. McKay et al. noted dietary improvements for all groups but
between group differences were not significant.22

Two studies measured medication adherence, neither reported changes related to the
intervention.16,21 One study noted an improvement in self-reported glucose monitoring.21

Physiologic Outcomes
Hemoglobin A1C was the most commonly measured physiologic parameter, reported in
seven of nine studies. Two of those seven reported some improvement in A1C among
participants in the web-based intervention arm compared to participants in the non web-
based control arm.12,20 At 6 months, Lorig et al reported significant improvement in A1C in
the web based treatment arm compared to the usual-care arm (p<0.05), significance
decreased slightly in intent-to-treat analyses (p<0.06). Interestingly, changes in behaviors
did not differ significantly between groups. In the Carter study, the web-based intervention
group showed a 2.18 point decrease in HbA1c versus 0.9 in the usual care control group
(p<0.05). However the study was small (n=74) with limited retention (63%) and a high
baseline A1C of 8.9. Of the 4 studies that measured BMI, only one reported a significant
change in weight.12 Carter et al demonstrated a BMI decrease of 11.6 points in the web-
based intervention arm versus 9.6 in the control group (p<0.05), though notably both groups
lost a significant amount of weight. Four of the 9 studies measured blood pressure but none
demonstrated a decrease when comparing web-based intervention arm with the control.
Similarly, of the 5 studies that measured participants’ lipid levels none reported a significant
improvement compared with control.

Knowledge and Self-Efficacy
Two of the nine studies measured changes in diabetes knowledge. The McIlhenny study
used the BASICS curriculum diabetes knowledge test. The interventional group showed a
36.7 point increase compared to the 6 point increase of the control group. However, change
in knowledge did not translate into significant changes in behavior. In Carter study, the
interventional group went from 50% of people scoring 80 or higher on the diabetes
knowledge test to 92% compared to the control group who went from 57% scoring 80 or
better to only 76%. Two studies measured self-efficacy. In the Lorig study, treatment
participants had higher self-efficacy at 6 and 18 months compared to control participants.
Liebreich et al. reported an improvement in behavioral capacity but not self-efficacy.

The target audience varied widely across studies. Among studies conducted in the U.S., only
one focused specifically on a racial/ethnic minority population; Carter et el designed their
program to be used by urban dwelling African Americans. Three of the other studies
included a significant proportion of minority participants; Lorig et al. included 24%
minorities, including 110 American Indians/Alaska Natives, Richardson included
approximately 24% minorities and Glasgow included 36% (22% Latino and 14% African
American). Other special population of interest included novice internet users,22 rural
populations,21 and older adults.21,22 Two studies were conducted in South Korea; Noh et al
focused on younger individuals (mean age 42) while Kim recruited a middle aged (mean age
55) clinic-based sample. With regard to Internet access, six studies required personal
Internet access (two of those studies provided personal Internet access to participants), two
studies did not require personal internet access and one study did not report whether or not
they required personal Internet access. Of the studies that did not require personal access,
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one provided Internet access within the clinic and the other did not describe how participants
accessed the Internet.18,21

Four of nine studies reported on website utilization of time; in all of these there was a
decline. Glasgow et al. reported significant dietary changes (eating habits, fat intake) using
intent to treat analyses among individuals in the web-based intervention arm compared to
participants in the non web-based intervention, noting that greater Internet use was
associated with greater improvements in eating patterns. Glasgow et al also noted a
correlation with greater Internet use and more physical activity; Liebreich did not find a
significant correlation between the Internet use and physical activity. Though Lorig et al. did
not report on website utilization over time, they did note there were no significant
differences in utilization patterns between racial/ethnic groups.

DISCUSSION
This review synthesized existing evidence regarding the use of Internet programs designed
to promote lifestyle modification for individuals with type 2 diabetes. Of the 2803 papers
identified with the included search terms, nine met inclusion criteria. Two studies
demonstrated improvements in diet and/or physical activity when comparing web-based
lifestyle modification program to control.16,19 Both studies were theory based, interactive,
and included tracking tools with personalized feedback and opportunities for peer support.
Two studies demonstrated improvements in glycemic control (as measured by A1C) using
web-based intervention compared with control.12,20 One of those programs was theory-
based, interactive with tracking and personalized feedback, and provided opportunities for
peer support. The other program, notably the only program focused exclusively on a racial/
ethnic population, was not theory-based, but did include opportunities for peer support along
with a structured, nurse-led telehealth component. Few studies focused on high risk,
underserved populations and more research is needed to inform internet-based strategies that
seek to serve individuals for whom the digital divide persists. Similarly, more research is
needed to determine which behaviors are most amenable to change through the use of
internet-based strategies. This review identified studies that successfully changed dietary
behaviors and physical activity; however the two studies that examined change in
medication adherence were both negative.

Achieving adherence to healthy behaviors over time is one of the biggest challenges for any
behavioral intervention and the same appears to be true for internet-based interventions. In
past studies assessing internet strategies for diabetes, higher website utilization is associated
with a reduction in glycemia as measured by Hemoglobin A1C, presumably in part through
adherence to healthy behaviors.9 In the current review, all the studies that measured website
utilization over time saw a decrease in program use. The impact of level of engagement with
the web-based program was not consistent across programs. For example, Liebreich et al did
not find website utilization to be associated with physical activity levels. On the other hand,
Glasgow et al. found that greater website use was associated with dietary behaviors and
physical activity levels but not with medication adherence or biologic outcomes. Further
research is needed to better determine optimal utilization patterns and how those patterns
vary according to the target behavior/outcome and by individual user. Assuming some
optimal “dose” of interaction with web-based programs exists, maintaining participant
engagement could be an important determining factor for the success of interventions aimed
at promoting lifestyle modification for individuals with diabetes.

Several strategies for bolstering participant engagement with web-based interventions are
described in the literature.9 One strategy is through the use of interactive modules that allow
for tracking and tailored feedback. Another strategy that can increase user engagement with
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the intervention is through the addition of a personalized “soft touch” component from
counselors or peer supporters and/or emails and telephone contacts. This provides
participants with opportunities to discuss problems with others experiencing the same issues.
It is significant that in the Glasgow article, the Peer Support group showed better diabetes
support scale outcomes than the Tailored Self-Management alone group. This suggests
further research is warranted to determine whether peer based online forums are more
effective than patient –to-expert interactions in improving participant engagement as well as
behavioral and biologic outcomes.

This study reveals a relative paucity of data on the use of web-based lifestyle programs for
use among high risk and/or underserved populations. While several studies in included in
this review targeted specific high risk and/or underserved populations, too few focused on
the same priority population to draw meaningful conclusions regarding the acceptability or
feasibility for those populations on the whole. Racial/ethnic minority groups in the United
States are disproportionally affected by diabetes with the age-adjusted prevalence of
diagnosed diabetes nearly twice as high among African Americans and Hispanics compared
to whites and higher likelihood of experiences several diabetes related complications for
both groups.1,25–28 Similarly, individuals of lower socioeconomic status or with low levels
of education are at higher risk for diabetes and worse outcomes compared to those with
higher levels of education and more resources.29 Often, it is the same groups who suffer the
greatest burden of diabetes who are least likely to access the Internet.3031 By the most recent
estimates, one in five American adults does not use the internet.32 While the internet gap
between minorities and whites has all but disappeared, age (being 65 or older), a lack of a
high school education, and having a low household income (less than $20,000 per year)
remain strong negative predictors of internet use.33 Given current socioeconomic health
disparities related to type 2 diabetes, any new modality aimed at improving diabetes self-
management must carefully examine its potential generalizability and reach.30

Research has shown the potential that community-based interventions hold for helping
overcome health disparities in an effective and financially feasible manner.34–36 This review
identified no studies describing a connection to the local community. Instead, the
interventions focused on users interacting via the Internet, often creating online communities
that are independent of geography. This allows the same intervention to be used in multiple
geographic areas and allows more users to be able to connect to one another and members of
the health worker community. However, linkages to local community resources could
provide another means of increasing accountability and adherence as patients gain
reinforcement from their community. Recently, we developed a website to help individuals
identify and locate existing resources in their community to facilitate diabetes self-
management and lifestyle modification (mydiabetesconnect.com).37 The site was developed
as part of a larger city-wide diabetes management campaign, Cities for Life in Birmingham,
Alabama. The site allows users to locate resources in all the major categories related to
diabetes management, including diet, physical activity, diabetes education and support, and
stress management. New resources can be uploaded at anytime and a star rating system
allows users to assess each resource. The site also facilitates user communication with others
in their community through a professionally monitored message board. Although content is
specific to Birmingham, AL, the development process and site structure are readily
generalizable to other communities.

Limitation
Our study has limitations. First, despite a vigorous attempt to identify relevant articles, it is
possible that some were missed, or that publication bias led to underreporting of data related
to our question. Second, our ability to draw strong conclusion is hampered by the
heterogeneity between study interventions and measurement as well as limited number and
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quality of relevant studies. Despite these limitations, the review does identify several
important areas in need of future research, including the use of web-based diabetes
interventions in underserved communities and strategies to determine the importance of
website utilization patterns and engagement over time.

Conclusion
The field of web-based interventions for lifestyle modification in patients with type 2
diabetes is new and rapidly developing. As technology continues to advance there is a need
for sustained research in this field to aid in the development of more effective interventions.
The studies discussed in this paper show the ability for such interventions to succeed in
reaching patients and promoting appropriate lifestyle modification. Web-based strategies
provide a viable option for facilitating the self-management process outside of the clinical
setting.
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Figure 1.
Flow diagram of search results for web-based behavioral/lifestyle modification interventions
for patients living with type 2 diabetes.
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