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Abstract

Background: Type 2 diabetes mellitus (T2DM) is among the most prevalent noncommunicable health conditions worldwide,
affecting over 500 million people globally. Diet is akey aspect of T2DM management with dietary modification shown to elicit
clinically meaningful outcomes such as improved glycemic control, and reductions in weight and cardiovascular disease risk
factors. Web-based interventions provide a potentially convenient and accessible method for delivering dietary education, but its
effects on dietary behavior in people with T2DM are unknown.

Objective: The objective of this review was to determine the effectiveness of web-based interventions on dietary behavior
change and glycemic control in people with T2DM.

Methods: Per PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) guidelines, systematic literature
searches were performed using Medline, Embase, The Cochrane Library, and CINAHL to retrieve papers from January 2013 to
May 2019. Randomized controlled trials of web-based interventionsin adultswith T2DM with reported dietary assessment were
included. Population and intervention characteristics, dietary guidelines and assessments, and significant clinical outcomes were
extracted. Differences between groups and within groups were assessed for dietary behavior and clinical outcomes.

Results: There were 714 records screened, and five studies comprising 1056 adults were included. Studies measured dietary
changes by assessing overall diet quality, changes in specific dietary components, or dietary knowledge scores. Significant
improvementsin dietary behavior were reported in four out of the five studies, representing healthier food choices, improvements
in eating habits, reductionsin carbohydrates, added sugar, sodium, saturated fat and overall fat intake, and/or increasesin dietary
knowledge. Three studies found significant mean reductions for hemoglobin Alc ranging from —0.3% to —0.8%, and/or weight
ranging from —2.3 kg to —12.7 kg, fasting blood glucose (-1 mmol/L), waist circumference (-1 cm), and triglycerides (—60.1
mg/dL). These studies provided varied dietary recommendations from standard dietary guidelines, national health program
guidelines, and a very low carbohydrate ketogenic diet.

Conclusions: Thisreview provided evidence that web-based interventions may be an effective way to support dietary behavior
change in people with T2DM, potentially leading to changes in glycemic control and other clinical outcomes. However, the
evidence should be viewed as preliminary as there were only five studies included with considerable heterogeneity in terms of
the diets recommended, the dietary assessment measures used, the complexity of the interventions, and the modes and methods
of delivery.

(J Med I nternet Res 2020;22(8):€16437) doi: 10.2196/16437
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Introduction

Type 2 diabetes mellitus (T2DM) is among the most prevalent
noncommunicable diseases worldwide, estimated in 2018 to
affect more than 500 million people across 45 countries [1].
T2DM isametabolic disorder characterized by hyperglycemia;
therefore, obtaining glycemic control is the overarching goal
of T2DM treatment [2]. Glycemic control is generally defined
as a hemoglobin A4, (HbA,.) level of 7% or less. However, it
isrecognized that tighter glycemic control of 6.5% or less may
further reduce the risk of macro and microvascular
complications such as cardiovascular disease (CVD),
neuropathy, nephropathy, and retinopathy [2], along with
decreasing the risk of mortality [3]. The American Diabetes
Association (ADA) [2] recommends education aimed at lifestyle
modifications, including diet and physical activity, and
prescription of medications as necessary for the management
of T2DM.

Itiswell recognized that improving diet can optimize glycemic
control, with research demonstrating improved diet quality can
reduce HbA . to asimilar or greater level than the provision of
medication to patientswith T2DM [2,4]. Even wheremedication
isnecessary, diet remains an important component of the overall
treatment plan for people with T2DM [2]. Additionally,
improved diet quality may optimize weight management, blood
pressure, and lipid profile, which in turn may decrease the risk
of CVD and stroke in people with T2DM [4]. Previous
qualitative studiesincluding peoplewith T2DM, have confirmed
that dietary support is one of their leading preferences for
self-management education [5-8]. Nevertheless, there remains
a substantial gap between the need for and the provision of
dietary education for those with T2DM. Initial and ongoing
diabetes education istherole of anindividuals multidisciplinary
care team and/or provided by health care professionals or
organizations through structured diabetes education programs
[9]. However, rates of receiving any type of diabetes education
are reported to be low globally, 23-66% in the United States
[10], 11% in the United Kingdom [11], and 40% in Australia
[9]. One explanation is access to and availability of health care
professionals [6,12], the number of people with T2DM
outweighing the number of health care professionals available
to provide diabetes education [12]. Additionally, the cost and
labor of delivering diabetes education programs face-to-face
represent a significant challenge to organizations [13,14].

For the past two decades, researchers have becomeincreasingly
interested in providing diabetes education via technological
means, asit represents adelivery method that has greater reach
and accessfor people with T2DM [15], and is potentially more
cost-effective[16]. Compared to usua care, web-based programs
in people with T2DM have been shown to reduce HbA,; by
0.47%-1.49% [17], while mobile health (mHeal th) interventions
reduced HbA . by an average of 0.8% [18]. Interventionsusing
mobile apps show reductionsin HbA ;. of 0.4%-1.9% [19], and
the provision of telehealth has been associated with an average
HbA . reduction of 0.17% [20]. In terms of the influence of
intervention features on HbA ;. outcomesin peoplewith T2DM,
when compared to mHeath and telehealth interventions,
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statistically significant results were only found for web-based
interventions, which may indicate that web-based interventions
are particularly useful for eliciting behavior change in people
with T2DM [21].

Although people with T2DM need and want dietary education,
web-based interventions to date have overwhelmingly focused
on overal sdf-management [10,21,22]. While some
interventions have included a healthy eating component within
the intervention package, assessment of dietary adherence or
behavior remains scarce. To date, we are not aware of any
review that has investigated the effects of web-based
interventions on change in dietary behavior in people with
T2DM. Therefore, the primary aim of this systematic review
was to identify and synthesize the available evidence from
randomized controlled trials (RCTs) and determine the
effectiveness of web-based interventions on dietary behavior
change and glycemic control in people with T2DM.

Methods

This systematic review was conducted per the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [23]. The review protocol was
registered at PROSPERO (International Prospective Register
of Systematic Reviews) (2018 #CRD42018109312).

Eligibility Criteria

Web-based interventions were included and defined as
web-based if participants received information and directly
interfaced with the internet, but they were not required to input
datato awebsite[24]. In addition, studieswereincluded if they
were published in English; were RCTsor pilot RCTs; included
an assessment of nutrition, diet, or dietary behavior; included
adult participants (=18 years) with diagnosed T2DM. Exclusion
criteriawere studies using non—web-based digital interventions;
studies including participants with prediabetes or type 1
diabetes;, studies including a combination of T2DM and
participants with other types of diabetes or where outcomes for
multiple chronic diseases were assessed; and studies focused
on diabetes prevention.

Information Sources

A systematic literature search of four electronic databases,
Medline, Embase, The Cochrane Library, and CINAHL for
relevant papers published between January 2013 and May 2019,
was conducted. Papers published before January 2013 were
excluded as previous systematic reviews have reported on
web-based, computer-based, and digital interventionsin people
with T2DM up to this date [22,25,26]. From these reviews, we
extracted papers that met our inclusion criteria. Additionally,
we conducted an in-depth exploration of reference lists for
related papers and searched grey literature, including Google
Scholar.

Search Strategy

Keywords used in the search were (“Type 2 Diabet*” OR
“diabetes mellitus, type 2" OR “T2DM” OR “T2D") AND
(“web-based” OR “internet” OR “online” OR “digital” OR
“information technology” OR “IT” OR *“computer-assisted”
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OR “computer-based” OR “computer interface” OR “ehealth”)
AND (“diet*” OR “nutrition” OR *“self-management” OR
“lifestyle modification™).

Data Extraction

Search results were merged using reference management
software (Endnote 8) and duplicate papers removed. Screening
of thetitles and abstracts for individual studieswere conducted
in duplicate, independently, by two authors (JD, Sl) with
disagreements resolved by consensus. Articlesdeemed eligible
for full-text review were assessed for eigibility by two authors,
independently (JD, Sl), and disagreements for inclusion were
reached via consensus. Corresponding papers from the same
study were merged to extract relevant outcomes. Thefollowing
parameters were extracted from included studies: author/date,
study design, samplesize, total study period and length of follow
up, population characteristics (including location, age, and
comorbidities), behavioral change theory or model, digital
intervention characteristics (including the type of digital
intervention and duration of exposure), intervention providers,
type of dietary intervention or guidelines administered, the
dietary assessment used, dietary behavior change outcomes,
and significant T2DM clinical outcomes including glycemic
control as indicated by blood glucose levels or HbA,, and
biomarkersweight, waist circumference, and CVD biomarkers.
We aso extracted intervention components, website usability
rates, modes and methods of delivery, and process evaluation
measures.

Assessment of Study Risk of Bias

Therisk of biaswas assessed by two researchersindependently
using the Cochranerisk-of-biastool for randomizedtrials (RoB

Figure 1. PrismaFlow Chart.
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2) [27]. RoB 2 provides an in-depth framework structured into
five domains to assess the risk of bias in RCTs. These five
domains assess the risk of bias arising from the randomization
process, deviations from intended interventions, missing
outcome data, outcome measurements, and sel ection of reported
results. During the assessment, each domain is given a rating
of low, high, or unclear. Conflicting assessment ratings were
resolved by consensus. Results were then calculated to reach a
quality assessment rating of poor, fair, or good quality.

Data Analysis

For quditative analysis, differencesin end intervention measures
between groups and change between groups were reported,
depending on the outcomes reported for individual studies. We
also reported significant within-group changes. Data were
considered statistically significant if the reported P value was
<.05.

Results

Thesearchidentified atotal of 714 papers, of which 15 full-text
articles were assessed for igibility, and five studies met the
inclusion criteria and were included in this review (Figure 1)
[28-32]. Corresponding papers from the same studies [33-37]
provided supporting information extracted for thisreview. Four
of the studies reviewed were RCTs, and one was a pilot RCT.
Each study described a web-based intervention where
participants received information that directly interfaced with
theinternet and included some form of dietary assessment. All
the studies included only adults with T2DM; asummary of the
included studiesis shown in Table 1.
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Table 1. Summary of study characteristics for included randomized controlled trials.

Dening et al

Author/date  Study de- Sample  Populationcharac-  Theory/model Intervention partici- Type of diets pre- Intervention/follow-
sign size, N teristics pants, N, program scribed up period
name, digital interven-
tion characteristics
Ramadaset RcT2 128 Adultswith Transtheoretical N=62, myDI DeAS, re- 1G%: standard di etary 6-month intervention,
a, 2018[29] T2DM b’ mean Model Stagesof  gjyed personalized in-  guidelines 12-month follow-up
age50.5years, ~ Change, user- tensivedietary interven- e .
mostwithafami- centered design  ion viawebsite + stan- g(; - No prescribed
ly history of dard care :
T2DM. Maaysia
Hansel etal, RCT 120 Adultswithab-  Notheory report- N=60, ANODE, fully IG: Nationa Nutri-  16-week intervention
2017 [28] dominal obesity  ed automated web-based  tion & Hedlth Pro-
and T2DM, mean nutritional support pro-  9ram guidelines
age 57 years. gram CG: received gener-
Paris al diet advice
Saslow et a, Pilot 25 Overweight Notheory report-  N=12, dietary instruc- | . v_kcDY (20-50 16-week intervention,
2017 [30] RCT adults with ed tion provided viaemail - g/carbs per day) 32-week follow-up
T2DM, mean age lessonsincluding mind- h
55.6 years. Cali- fulness training and CG: ADA ™ “create
fornia lifestyle advice your plate” diet
Glasgow et  RCT 320 Adults with Self-efficacy the-  N=N/AT D-Net, two ~ All groupsreceived  3-month intervention,
a, 2003 [31] T2DM, meanage ory, social sUp-  iptervention arms: tai-  9eneral healthy eat-  10-month follow-up
59 years. Col- port theory lored self-management  ing advice to de-
orado training, peer support creasefat_and in-
crease fruit and veg-
etable intake
Glasgow et RCT 463 Adults with Socia-ecologica N=189, two interven-  All groupsreceived  4-month intervention,
a, 2012[32] T2DM, meanage theory, social tion arms: CASMK: general advicetode- 12-month follow-up
58.4 years. Col-  cognitivetheory  ooif-administered com- Ccreasefat and eat a
orado and the“5 A’ puter-assisted self-man- healthy diet
self-management  agement; N=182,
model cAsM+ with enhanced
social support

3RCT: randomized controlled trial.
bT2DM: type 2 diabetes mellitus.

°myDIDeA: Malaysian Dietary Intervention for People with Type 2 Diabetes: An e-Approach.

4G: intervention group.
€CG: control group.

fANODE: Accompagnement Nutritionnel de I’ Obésité et du Diabéte par Ecoaching.

9L CKD: very low carbohydrate ketogenic diet.

NADA: American Diabetes Association.

IN/A: not applicable.

ID-Net: Diabetes Network.

kcasm: computer-assisted self-management.

lcASM+: computer-assisted self-management plus socia support.

Participantsand I ntervention Characteristics

The included studies provided results from a total of 1056
partici pants representing three countries—France [ 28], Malaysia
[29], and the United States[30-32]. The number of participants
ranged from <26 in the pilot study [30] to <463 in the RCTs
[32]. The mean age of participants ranged from 50.5 years [29]
to 59 years [32]. Three studies had an intervention period of 4
months [28,30,32], one was 3 months [31], and one was 6
months [29]. Two studies included a 12-month follow up
[29,32], one had a 10-month follow up [31], and another had a
32-week follow up [30]. The Maaysian Dietary Intervention

http://www.jmir.org/2020/8/e16437/
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for People with Type 2 Diabetes: An e-Approach (myDIDeA)
[29] focused solely on dietary behavior by providing participants
with apersonalized intensive dietary intervention. Theremaining
studies assessed dietary behavior but included dietary
recommendations aongside physical activity [28,30],
mindfulness training [30], socia support and self-management
information [31,32], and face-to-face contact [32]. Three studies
included health practitioner-assistance [29,31,32], ranging from
contact with a nutritionist [29,32] through to availability of
health care coaches and professionals [31,32], and physicians
[32]. The Accompagnement Nutritionnel de I’Obésité et du
Diabéte par Ecoaching (ANODE) study [28] was a fully
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automated intervention aside from providing technical
assistance. Three studies[29,31,32] utilized behavioral theories
or models, which varied widely. Only myDIDeA [29] applied
user-centered design theory to support intervention devel opment.

Dietary Recommendations and M easurement

Three of the studies indicated the type of dietary
recommendations prescribed [28-30], which were standard
diabetes dietary guidelines modified to suit the Malaysian
population [29], the National Nutrition and Health Program
guidelinesof France[28], and avery low carbohydrate ketogenic
diet (VLCKD) [30]. The remaning two studies,
computer-assisted self-management/computer-assisted
self-management plus socia support (CASM/+) [32] and the
Diabetes Network (D-Net) [31], provided self-administered
and/or personalized tailored dietary instruction from health

http://www.jmir.org/2020/8/e16437/
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professionalswith general healthy eating recommendations and
goal setting to reduce fast foods, fried foods, or sugar-sweetened
beverages, and increase fruit and vegetable consumption. The
toolsand scales used for dietary assessment varied widely across
al five studies (Table 2). myDIDeA [29] used a validated
Malaysian 36-item Dietary Knowledge, Attitude, and Behavior
(DKAB) score. ANODE [ 28] used the International Diet Quality
Index (DQI-I) with food frequency questionnaires from both
24-hour and 3-day diet recalls. CASM/+ [32] used dietary
guestionnaires measured by two validated scales, the 20-item
Kristal Fat and Fiber Behavior scale (FFB) and the 15-item
Block/National Cancer Institute (NCI) Fat Screener. D-Net [31]
also used the Block/NCI Fat Screener along with the 8-item
“Starting the Conversation” scale. The VLCKD [30] used
unvalidated self-reported dietary intake obtained from
participants’ entries on a consumer-based website.
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Table2. Anoverview of dietary behavioral outcomes.

Dening et al

Reference Dietary assessment

Baseline dietary assessment results

Postintervention dietary changes

Ramadas et al, 2018 [29] DKAB2score, DSOCb

(16.2)
Hansel et a, 2017 [28] DQI-I® IG: DQI- 54.0
CG: DQI- 52.8

Saslow et al, 2017 [30] Self-reported dietary in-
take (MyFitnessPal) and
self-reported subjective

experience of diets

Glasgow et al, 2003 [31] Not reported

FFB and the NCI9 Fat
Screener

Glasgow et al, 2012 [32] “ Starting the Conversa-
tion” scale and NCI Fat

Screener

34.86 (29)

35.18 (40)

IG® DKAB 34.2(5.2), DSOC 193.3 (14.6)
cG% DKAB 33.7 (5.5), DSOC 191.2

IG: nonfiber carbohydrates (g) 163.6
(86.7), fat (g) 77.1(41.4), protein (g) 83.3
(18.0), sugar (g) 50.6 (33.8)

CG: nonfiber carbohydrates (g) 152.0
(58.9), fat (g) 81.3 (27.3), protein (g) 74.5
(17.2), sugar (g) 44.9 (23.8)

IG: eating habits 2.18 (0.2), fat intake

CG: eating habits 2.13 (0.3), fat intake

IG: DKAB 54.0 (8.7), DSOC 199.7 (18.2)
CG:DKAB 41.3 (7.7), DSOC 191.5 (15.1)

DKAB score significantly improved in both
groups with the margin of improvement higher
inthe 1G, adifference of 12.2 points between
groups. No difference between groupsin DSOC
at 6 months. |G showed improved DCOS at 12-
month follow-up and no changein CG

IG: Significant increase in the DQI-I score of
4.55, total 58.55

CG: Decreasein DQI-I score of —1.68, total
51.12

Dietary changes towards healthier foods were
noted in the |G, particularly for saturated fat
(P=.02) and sodium (P<.001)

Self-reported dietary intake showed the I1G ate
fewer grams of nonfiber carbohydrates and
sugar compared to CG. No differencesin protein
and fat between groups. Change in mean carbo-
hydrate intake in |G from 39.6% of caloriesto
15.5%. Compared to CG, G rated themselves
as lesslikely to cheat on their diet, with alarge
effect size of at least Cohen d=—1.0

Trending improvements in FFB in both | Gs but
no significant differences between groups

IG: eating habits 2.32 (0.2), fat intake 33.22 (24)

CG: eating habits 2.23 (0.3), fat intake 33.91
(37

Thecombined IG CASMCASM+ significantly
improved eating habits more than CG over 12
months (chi-square = 9.01), fat intake (chi-
square = 6.01)

3DKAB: Dietary Knowledge, Attitude, and Behavior.

bpsoc: Dietary Stages of Change.

%I G: intervention group.

dcG: control group.

€DQI-I: International Diet Quality Index.

"FFB: Kristal Fat and Fiber Behavior scale.

INCI: National Cancer Institute.

hcasm: computer-assisted self-management.

ICASM+: computer-assisted self-management plus socia support.

Dietary Behavior Change and Clinical Outcomes

Four of the studies reported a statistically significant dietary
behavior changein theintervention group (Table 2) [28-30,32].
Compared to acontrol group receiving usual care, ANODE [28]
found significant improvements in dietary quality with
participants choosing healthier foods overall and improvements
in saturated fat and sodium intake. Similarly, compared to an
enhanced care control group, CASM/+ [32] found that
participants overall eating habits improved along with
reductions in overall fat intake. Compared to a control group
prescribed the ADA’'s “create-your-plate” diet, participants
following a VLCKD [30] demonstrated adherence with
decreased consumption of carbohydrates within the prescribed

http://www.jmir.org/2020/8/e16437/

range of 20-50 grams per day and decreased consumption of
added sugar. Compared to acontrol group prescribed usual care,
myDIDeA [29] showed that web-based interventions could be
a feasible option for supporting dietary behavior change for
people with T2DM in developing countries such as Malaysia,
with participantsin theintervention group achieving a 12.2-point
differencein DKAB score. CASM/+[32] demonstrated dietary
behavior changein individualswith lower literacy and numeracy
and diverse and higher-risk populations such as American
Indian/Alaska Native, Asian, Black and African American, and
Latino.

Changes in clinical outcomes were inconsistent and differed
across studies (Table 3). Two studies reported statistically
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significant improvementsin glycemic control for HbA ;. between
groups compared to usua care [28] and the ADA's
“create-your-plate” diet [30]. One study found significant
between-group differencesin fasting blood glucose and HbA ;.
[29] compared to usual care, benefits that were only observed
in the intervention group a 12-months follow-up. However,
clinical outcomeswere not reflected across al four studies that
reported significant changesin dietary behavior. CASM/+ [32]
reported no significant clinical improvements. Reductions in
weight or waist circumference were seen in two studies[28,30].

Dening et al

Twenty percent of the ANODE study’s [28] intervention
participants achieved >5% weight loss, and 90% achieved at
least 5% weight lossin the VLCKD intervention [30]. Weight
reductions could be explained by improved overall diet quality
and decreased fat intake [28], decreased sugar and carbohydrate
consumption [30], greater calorie deficits in both intervention
groups compared to control groups, along with recommendations
for physical activity included in both interventions. Additionally,
following a VLCKD vyielded significant reductions in
triglycerides [30].

Table 3. Significant clinical outcomes for dietary intervention groups. Data were considered statistically significant if P<.05.

Author/date/reported mean Baseline Timepoint Outcome Within-group Between-group
and outcomes measured changes(Pvalue) changes(P value)
Ramadas et al, 2018 [29], mean (SD)
HbA 162 (%) 9.1(2.0) 6 months = 8.7 12months=85 .004 _b
(1.9 (1.8)
Fasting blood glucose (mmol/L) 8.9(3.9) 6 months = 8.1 12 months=7.9 .015 —
2.7 (2.5)
Hansel et al, 2017 [28], mean (SD)
HbA 1 (%) 7.16 (0.78) — 6.86 (0.94) — <.001
Weight (kg) 93.3(16.2) — 91 (3.0) — .01
Waist circumference (cm) 110 (10) — 109.1 (4.7) — .01
Saslow et al, 2017 [30], mean (SD) and mean (EMM°©)
HbA 1 (%) 7.1(0.49) 16 weeks = 6.2 P2 weeks=63 — .002
(-1.1,-0.6) (-1.1,-0.6)
Weight (kg) 109 (24.9) 16 weeks=100.5 32weeks=96.3 — <.001
(-11.9, -5.2) (-7.3,1.3)
Triglycerides (mg/dL) 183 (135) 16 weeks=1475 32weeks=1229 — .01
(-65.7,-52EMM) (-46.0, 33.6
EMM)

8HbA 1 hemoglobin A

BNot applicable
CEMM: estimated marginal means.

Attrition, Website Features, and Usability

An overview of intervention components, attrition, usability,
and modes and methods used to deliver the interventions is
shown in Multimedia Appendix 1. The attrition rate varied
among studies, with the highest dropout rate seen in the
CASM/+ interventions [32], losing 34.2% of intervention
participants randomized to two complex intervention arms,
compared to 19.5% of the control group. The lowest attrition
rate was seen in myDIDeA, losing 4.8% of intervention
participants and 10.6% of the control group, perhaps because
theintervention focused solely on providing astructured dietary
intervention and implemented a user-centered approach. Across
all web-based interventions, the highest website usage was
reported in the first month, followed by declined usage over
time. Three studiesreported login rates as ameasure for usability
[28,31,32]. Only one study [29] reported both login rates and
time spent on site. Various modes and methods of delivering
intervention components were reported, including providing

http://www.jmir.org/2020/8/e16437/

content on awebsite, which was used in four of the five studies
[28,29,31,32], while one sent content viaemail with text, videos,
and links to various web resources [30]. Four studies provided
someform of self-monitoring and feedback, whether automated
or assisted by a health care professional [28,29,31,32]. Three
of thefive interventions [29-31] provided updated intervention
materials to participants ranging from biweekly to bimonthly.
No associations could be drawn between these methods and
participant adherence and intervention outcomes due to
heterogeneity in the methods of delivery and alack of detailed

reporting.
Postinter vention Process Evaluation

Postintervention process evaluation measured levels of
adherence, usability, acceptability, and program satisfaction
(Multimedia Appendix 2). The most common statistic used to
measure adherence or intervention usage was website login
rates [28,29,31,32], with studies consistently demonstrating
higher login rates early in the intervention (Multimedia
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Appendix 1). Two studies included a more comprehensive
process eval uation [28,29], both of which provided participants
with self-reported feedback questionnaires. myDIDeA [29]
usability rates were 72%, acceptability 62%, and program
satisfaction 64%. ANODE's [28] satisfaction rate was 70%.
D-Net [31] indicated an implementation percentage of 100%
related to their dietary assessment component but did not provide
overall satisfaction rates.

Overall Study Quality

Figure 2 summarizes the risk-of-bias assessment [27]. Four
studies had a reasonable sequence generation described
[28,30-32]. It was unclear in three studies if allocation
concealment was adequate [29,30,32]. Only one study

Dening et al

sufficiently blinded participants and personnel [29], one study
was unclear [31], while the remainder did not blind [28,30,32].
However, blinding in dietary behavior studies is often not
feasible. Three studies sufficiently blinded outcome assessors
[28-30], while two remained unclear [31,32]. Only one study
failled to provide complete outcome data [30]. Two studies
reported full datasets [28,31], two were unclear [30,32], while
one [29] had several outcomesincluded in study protocols[36]
that were missing from the final study outcomes. Other biases
were low [28,31,32] or unclear [29,30]. Based on these
assessments, only one study [28] was assessed to be of fair
quality, while the remaining four were assessed to be of poor
quality.

Figure 2. Risk of bias. Judgments about each risk of bias item presented as percentages across al included studies.
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Discussion Regardless of the setting, patient engagement and adherence to

This systematic review is the first to demonstrate the potential
for web-based interventionsto achieve significant improvements
indietary behavior in peoplewith T2DM. Moreover, thisreview
showed that improved glycemic control could be achieved using
web-based dietary interventions. However, improvements in
dietary behavior did not consistently result in improvementsin
glycemic control across studies.

Oneexplanation for thisinconsistency may bethevaried dietary
recommendations provided to participants across the studies
(Table 1). While it is recognized that various dietary patterns
are suitable for the management of T2DM [2], it appears that
providing participantswith more direct dietary recommendations
may facilitate greater clinica outcomes. The ANODE study
prescribed the National Nutrition and Health Program guidelines
of France, myDIDeA prescribed evidence-based standard
diabetes dietary guidelines modified to suit the Malaysian
population, and the VLCKD prescribed specific guidelines for
carbohydrate consumption. In contrast, CASM/+ only provided
participants with general healthy eating information. Another
explanation may be intervention complexity, as web-based
dietary interventions in this review varied widely in terms of
the number of components provided to participants (Multimedia
Appendix 1). Previousliterature[6,38] indicated overly complex
interventions might provoke a lack of motivation due to
confusion, provision of irrelevant content, and technical
difficulties.

http://www.jmir.org/2020/8/e16437/
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their recommended care plan is an important issue [39]. Our
review confirms previous observations [22,25] that usage of
web and computer-based interventions decreases over time,
with the highest usage seen in the first month. This pattern is
particularly concerning as the studies in this review had
intervention periods of only 3-6 months, highlighting the
challenge of engaging participantsin aweb-based environment
even over the short term. The majority of studiesin thisreview
reported only login rates as a measure for usability [28,31,32].
Login rates capture only a broad measure of website usage,
providing little information about engagement with an
intervention [15]. Only one study [29] provided evidence of
engagement, reporting both login rates and time spent on the
site, with a consistent level of engagement observed acrossthe
6-month intervention for all participants. This consistency may
have been due to the provision of structured dietary education
modules. In face-to-face settings, structured education has been
demonstrated to be effective for assisting people with T2DM
to improve glycemic control and overall health [2]. Various
authors suggest social support may increase participation
[10,21]; however, this was not demonstrated in our results, as
even the more complex web-based i nterventions offering contact
with peers[31,32], and/or health care professionals [29,31,32]
contributed no difference in terms of achieving clinical
outcomes.

myDIDeA [29] was the first study to focus solely on providing
a web-based dietary behavior change intervention for people
with T2DM in Malaysia, providing the longest intervention
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period of 6-monthswith a12-month follow-up. Theintervention
group showed a 12.2-point greater DKAB score compared to
the control group (Table 2). While no between-group changes
were found for clinical outcomes (Table 3), within-group
changes in fasting blood glucose and HbA ;. were only found
in the intervention group at 12-months follow-up, which may
indicate that web-based dietary interventions could continue to
influence behavior change beyond the intervention period.
Furthermore, myDIDeA had the lowest overall attrition rate,
which may be explained by the provision of an intervention
solely focused on diet. Since determining what to eat is a
significant challenge for people with T2DM [2], this specific
dietary focus and the structured nature of delivering the
components may have encouraged clarity, fostering longer-term
commitment. Additionally, myDIDeA integrated auser-centered
approach during the development of the intervention.
User-centered design is a human-factor engineering strategy
for designing user-friendly platforms [40], a method that has
been described in other web-based T2DM self-management
interventions [41,42].

The Medical Research Council [39] suggests that best practice
for complex interventions is using the best available evidence
and appropriate theory. According to a systematic review and
meta-analysis[43] of diet behavior change techniquesin people
with T2DM, the only intervention feature associated with
significant reductions in HbA,. was the application of a
theoretical model or framework. However, the relationship
between theoretical application and clinical outcomes has yet
to be confirmed in web-based dietary behavior change
interventions. For instance, the ANODE study [28] demonstrated
statistically significant improvements in both dietary behavior
and clinical outcomes, yet there was no theoretical basisfor the
development of the program. Rather it wasanutritional support
tool developed by a private company.

Changesin glycemic control ranged from HbA ;. reductions of
0.3%[28] t0 0.8%[30]. Theseresults are clinically meaningful
as previous research has demonstrated that for every 1%
reduction in HbA,., there is an associated risk reduction for
heart attacks, microvascular complications, and deaths related
to diabetes [3]. Achieving modest weight loss of 5% has been
shown toimprove glycemic control [2], agoal that was achieved
by participants in the two studies that found statistically
significant clinical outcomes between groups [28,30]. The
VLCKD [30] produced the most significant results overall, with
reductionsin HbA ., weight, and triglycerides. However, these
results should beinterpreted with caution due to the small study
size. Furthermore, systematic reviews and meta-analysis of
RCTs prescribing low-carbohydrate dietsin people with T2DM
[44], suggest that adherence to VLCKD interventions (<50
grams carbohydrates per day) are frequently poor and more
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difficult for people to maintain than a low-carbohydrate diet
(50-130 grams carbohydrates per day), with no additional
clinical benefits over a prescribed low-carbohydrate diet [45].
Overall, the results of thisreview demonstrated that, regardless
of diet characteristics, participants who adhered to dietary
recommendations showed improvements in their food choices
and overall dietary quality, which improved clinical outcomes
in most cases.

Limitations and Future Research

Only five studies met the eligibility criteria, and these were
heterogeneous in terms of dietary recommendations, focus on
diet alone or with additional behavioral components, behavioral
theories and models applied, and target population. The modes
and methods of delivering the web-based interventions also
differed, and the duration and follow up periods varied widely.
While most studies report statistically significant improvements
in dietary behavior change, the use of different dietary
assessment measures made it difficult to compare study
outcomes and generalize results. Web-based interventions could
improve and expand reporting of website statisticsto helpinform
patterns of participant behavior, and consideration of measuring
adherenceto diet asameans of determining if greater adherence
leadsto greater improvement in clinical outcomesiswarranted.
Web-based interventions could be a cost-effective way to
provide education and support to individuals with T2DM,
broadening access for a greater number of people, including
those who have location or mobility constraints and cannot
accessface-to-face services. Moreresearch isneeded to explore
web-based dietary interventions for these diverse populations,
including younger adults and the elderly. Web-based dietary
interventions must be studied in larger cohorts, for longer
durations, and with more clearly defined dietary
recommendations. Studies must also explore intervention
content, modes and methods of delivery, and whether these
enhance participant engagement or contribute meaningfully to
the expected outcomes.

Conclusion

This review provided evidence that web-based interventions
may be an effective way to improve dietary behavior in people
with T2DM. Theresults also suggest improvementsin glycemic
control and clinical outcomes may be possible, although the
studies in this review yielded inconsistent results. While this
preliminary evidence showed promise of a positive effect, the
small number of studies and the fact they are highly
heterogeneous makesiit difficult to draw any firm conclusions.
The field reguires more well-designed web-based dietary
interventions that report dietary prescription and adherence in
peoplewith T2DM to confirm their effectivenessin optimizing
dietary behavior and improving clinical outcomes.
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