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Abstract

Background: Previous gestational diabetesincurs an 8-fold risk of developing type 2 diabetes, but lifestyle change can prevent
or delay progression. Technol ogy-based interventions may help overcome challenges women face in making postpartum lifestyle
changes.

Objective: This study aimed to assess whether technology-based diabetes prevention interventions improve outcomes related
to the onset of type 2 diabetes among women with a previous diagnosis of gestational diabetes.

Methods: Cochrane Central Register of Controlled Trials, CINAHL, Embase, PsycINFO, and Midwives Information and
Resource Service were searched to October 2025 using subject headings and free-text terms. Titles and abstracts were independently
screened by 2 authors, as were retrieved full-text articles. Studies were eligible if they examined technology-based diabetes
prevention interventions delivered between gestational diabetes diagnosis and any time post partum, assessing anthropometric
outcomes, glycemic control, health behavior, or psychological outcomes. Risk of bias was assessed by 1 reviewer using the
National Institute for Clinical Excellence checklist, and certainty of evidence was assessed by 2 reviewers using the Grading of
Recommendations Assessment, Devel opment, and Evaluation. Datawere summarized narratively, and resultswere pooled, where
possible, using a random effects model.

Results: Thisreview identified 15 studies, including 1257 participants. Pooled analysis of 7 studies showed significantly greater
weight loss among those receiving technol ogy-based interventions (mean difference —1.01, SE 0.35, 95% Cl —1.86 to —0.16 kg;
P=.03). Interventions delivered using technology only showed increased weight loss (mean difference —1.13, 95% CI —3.12 to
0.86 kg) as did those with a longer follow-up (mean difference —1.58, 95% Cl —3.93 to 0.76 kg) compared with combined
technology and telemedicine approaches (mean difference —0.89, 95% CI —2.51 to 0.73 kg) and studies with shorter follow-up

(mean difference—0.7, 95% CI —1.21 to —0.18 kg), but these differences were not significant (mode of delivery: x?,=0.08; P=.78;
follow-up: x=1.06; P=.30). Meta-analysis showed no significant differences in BMI (mean difference —0.22, SE 0.1, 95% Cl

-0.4t0-0.01 kg/m?; P=.27; n=2 studies), fasting glucose (mean difference—0.03, SE 0.16, 95% CI —0.49 to 0.49 mmol/L; P=.99;
n=4 studies), 2-hour glucose (mean difference 0.12, SE 0.19, 95% CI —0.47 to 0.72 mmol/L; P=.56; n=4 studies), hemoglobin
A (mean difference —0.01%, SE 0.02%, 95% CI —0.24% to 0.23%; P=.74; n=2 studies), or homeostasis model assessment of
insulin resistance (mean difference 0.07, SE 0.02, 95% CI —0.16 to 0.31; P=.16; n=2). Certainty of evidence for all pooled
outcomes was very low.
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Conclusions:  Technology-based interventions may help support women in reducing their risk of type 2 diabetes following
gestational diabetes mellitus, but substantial heterogeneity, significant risk of bias, and very low certainty in the evidence mean
that the findings should be interpreted cautiously. Trials with larger samples and longer follow-up are required to draw firm

conclusions.
Trial Registration:

(J Med Internet Res 2026;28:e€78841) doi: 10.2196/78841
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Introduction

Diabetesisagrowing global public health concern and apriority
for preventive efforts [1]. The number of adults globally with
diabetesin 2017 was estimated to be 451 million and is expected
to rise to 693 million by 2045, with type 2 diabetes accounting
for over 90% of cases [2]. Women who have had gestational
diabetes mellitus (GDM) are at an 8-fold increased risk of
developing type 2 diabetes [3]. GDM affects around 5% of
pregnant women in Europe and is defined as glucoseintolerance
that isfirst diagnosed in pregnancy [4]. Although normal glucose
regulation usually returns shortly after delivery, rates of type 2
diabetes after a diagnosis of GDM have been reported to be as
high as 70% [5], with the greatest risk thought to be in the first
5yearsfollowing apregnancy with GDM [6]. However, women
who make positive lifestyle changes can prevent or delay
progression to type 2 diabetes [7].

Challenges that women face in making lifestyle changesin the
postpartum period include competing demands from work and
home life, and atendency to underestimate their personal risk
and the severity of type 2 diabetes [8-10]. Technology-based
interventions offer apossible solution to help to overcome some
of these challenges by offering behavior change education and
support remotely via messages, smartphone apps, or websites.
A recent systematic review of technology-driven diabetes
prevention interventions found that around two-thirds of
included interventions were effective in achieving shorter-term
weight loss and one-third were effective in achieving
longer-term weight loss, but the review excluded studies
focusing on participants with a previous diagnosis of GDM
[11].

Although technol ogy-driven interventions have been shown to
be effective in supporting the management of GDM [12], to
date, no reviews have been identified that focus on interventions
primarily delivered using technology for diabetes prevention
inwomen who have previously had GDM. A systematic review
and meta-analysis carried out by Halligan et al [13] investigated
the effectiveness of interventions with any technology or
telemedicine component for women with previous GDM and
found clinicaly relevant but non—statistically significant
improvementsin weight and BMI, but currently the effectiveness
of primarily technology-based interventionsis not known. The
review by Halligan et a [13] included interventions with any
technol ogy component, and so for many of theincluded articles,
the technology-based intervention was an adjunct to a
telemedicine or face-to-face intervention. Telemedicine
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interventions involve real-time communication with a health
care provider via telephone or video call, and athough they
have some practical benefits over a face-to-face appointment,
telemedicine till relies on both parties arranging a convenient
time for synchronous contact with a health care provider and
so cannot offer theflexible accessto advice and help that digital
interventions can offer. Interventions delivered primarily using
technology may offer the most benefits in terms of flexibility
for women in the postpartum period and have the potential to
be more cost-effective than telemedicine.

The review by Halligan et al [13] did not assess the behavior
changetechniques (BCTs) present intheinterventionsreviewed.
BCTs are the active ingredients of an intervention that are
designed to promote behavior change[14], and ataxonomy has
been developed providing a list of standardized labels and
definitions of BCTs. Using the shared language and descriptions
provided by the BCT taxonomy alows the content of
interventions to be unpicked and described in a consistent and
comparable way, which may help to provide insight into the
effective components of technology-based interventions. The
objective of this review is to assess whether interventions
focusing on diabetes prevention (not self-management of GDM),
that are primarily technol ogy-based, are effectivein improving
outcomes related to the onset of type 2 diabetes among women
with aprevious diagnosis of GDM and to identify and describe
the BCTs present in interventions.

Methods

Overview

The systematic review and meta-analysis were conducted and
are reported according to PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses, Multimedia
Appendix 1) guidelines [15], PRISMA abstract checklist
(Multimedia Appendix 2) and the complementary PRISMA-S
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses literature search extension; Multimedia
Appendix 3) for reporting literature searches within systematic
reviews [16]. The protocol for the systematic review was
registered with the International Prospective Register of
Systematic Reviews, and no amendments were made to the
protocol [17].

Eligibility Criteria
The inclusion and exclusion criteria used to assess eligibility
in the review are presented in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

Adults aged 18 years or older who have received a previous diagnosis of gestational diabetes.

Studiesthat examine the use of atechnol ogy-based intervention (eg, text, smartphone app, email, video, and website) in the antenatal or postpartum
period with the stated aim of preventing or reducing the risk of type 2 diabetes.

Interventions using both technol ogy-based and face-to-face delivery, where the technology-based delivery is the primary means of intervention
delivery and the technology-based intervention could feasibly be delivered as a stand-a one intervention.

The outcomes of interest are anthropometric (weight, BMI, percent body fat, and waist or hip circumference), glycemic control (hemoglobin
A1, fasting plasma glucose, insulin resistance, prediabetes incidence/prevalence, and type 2 diabetes incidence), behavioral outcomes (diet,

physical activity, or sedentary behavior), and psychological outcomes (beliefs about type 2 diabetes, self-efficacy for health behavior change,

and behaviora intentions).

«  Experimental and nonexperimental study designs, including observational studies, randomized trials, and nonrandomized trials.

«  Studies published in English.

Exclusion criteria

«  Studies of women who have received adiagnosis of type 1 or type 2 diabetes.

«  Studies describing interventions where the technology-based component was only used to supplement a face-to-face intervention or to deliver

real-time support with a human coach.
«  Studiesfocusing on the self-management of gestational diabetes.
«  Studies reporting only feasibility and acceptability related outcomes.

«  Studiesusing a qualitative design only.

Information Sources and Search Strategy

ThedatabasesMEDLINE, Central Register of Controlled Trids,
CINAHL, Embase, PsycINFO, and Midwives Information and
Resource Service were searched separately via the EBSCO
platform in March 2024 using acombination of database subject
headings and free-text words (Multimedia Appendix 4). No
dedicated peer review of the search strategy was conducted.
The search was rerun in October 2025 to check for papers
published sincetheinitial searchin March 2024. No restrictions
were applied for language, type, or date of publication, and no
published search filters were used. No online resources, print
sources, or citing references of included papers were searched.
Thereference lists of included papers were checked to identify
any other potentially relevant papers, but experts in the field
were not contacted due to the time-consuming nature of this
process. Duplicateswereremoved in RefWorks (ProQuest LLC).

Selection Process

Thetitlesand abstracts of all articleswere screened by 1 author
(CE), and independent screening was split between 3 other
authors, with DC screening one-quarter, LH screening
one-quarter, and AN-H screening the other half. The full texts
of papers were retrieved for studies that were considered
relevant, but aso for those that contained insufficient
information to allow judgment of relevance. These were checked
againgt theinclusion criteriaby CE and independently by AN-H,
LH, and DC. Where there were disagreements between
reviewers about the inclusion of a paper, a consensus was
reached through discussion among all authors.

Data Collection Process and Data | tems

A dataextraction form was devel oped for thisreview and piloted
on 3 papers, and then refined. Information was extracted by 1
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reviewer (CE) under the following headings. authors, study
location, type of intervention, mode of delivery, theory or model
base for intervention, aim of the study, study design, inclusion
criteria, size of the population, baseline characteristics, type of
comparator, tailoring/individual patient—based, duration of
intervention and measurement, outcome measures, measurement
tools, sample sizeintervention group, sample size control group,
dropout, findings summary, baseline outcomes intervention,
baseline outcomes control, follow-up outcomes intervention,
and follow-up outcomes control. Data were extracted for all
available follow-up time points and outcomes available within
each study. We attempted to contact authors where data were
missing or not reported in the correct format for meta-analysis.
If the datawere not available or we received no response, studies
were excluded from the meta-analysis. A second author (AN-H)
independently checked all outcome data, and any errors were
discussed and checked against the published paper by both CE
and AN-H. The BCT taxonomy (version 1) [14] was used by 1
reviewer (AN-H) to code the BCTs present in the descriptions
of included interventions. A second reviewer (CE) independently
coded a random selection of 20% of interventions, and any
disagreements were resolved by discussion.

Risk of Bias Assessment

Internal and external validity of included studies was assessed
by 1 reviewer (CE) using the National Ingtitute for Clinical
Excellence [18] checklist for quantitative intervention studies
of any design. This checklist contains 27 items addressing 4
specific domains (population, method of alocation to
intervention, outcomes, and analyses) and gives an appraisal of
internal and external validity using a“++,” “+,” or “—* rating
scale depending on the extent to which criteria were satisfied,
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with a“++" indicating lowest risk of bias and “—* highest risk
of bias.

Data Analysis

All datawere grouped by outcomefor synthesis and summarized
narratively. Meta-analysis was planned for any outcome of
interest recorded at both baseline and follow-up by 2 or more
studies. Consistent with the Cochrane Collaboration guidance,
only studies with a randomized controlled trial design were
included in the metaranalysis [19]. After extraction, the
following outcomes were synthesized using meta-analysis:
weight, BMI, fasting plasma glucose, 2-hour glucose,
hemoglobin A;. (HbA;.), and homeostasis model assessment
of insulinresistance (HOMA-IR). Resultswere pooled in SPSS
(version 28; IBM Corp) using arandom effects model to analyze
the between-group differences in each outcome at follow-up.
Forest plots were used to display individual study results and
the syntheses. When there were follow-up data available at
multiple time points, data from the last follow-up time point
were used in the anaysis. Where there were multiple
publications reporting on the same sample, the data were only
included in the analyses once to avoid double-counting of
participants. When SD values were not reported, these were
calculated from 95% Cls when possible. All pooled outcomes
were continuous and were summarized using unstandardized
mean difference with Sidik-Jonkman estimator and
Knapp-Hartung SE adjustment as recommended for
meta-analyses of a small number of studies [20]. Two-sided P
values and 95% Cls were calculated for each outcome.
Heterogeneity was quantified using between-study variance t°.
The 12 statistic is reported but interpreted with caution [21].
Prediction interval swere not cal culated as the number of studies
in the analyses fell below the recommended minimum number
[22]. Analysis of publication bias was not conducted due to the
small number of studies eligible for inclusion. Subgroup
analyses were planned for the mode of intervention delivery
(entirely digital or mixed) and length of follow-up (less than 6
months versus 6 months or more).

Certainty Assessment

Certainty of evidence was evaluated using the Grading of
Recommendations Assessment, Development, and Evaluation
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(GRADE; [23)]) criteriafor the main outcomes (weight, fasting
glucose, 2-hour glucose, HbA,;., or HOMA-IR). GRADE
classifies evidence into 4 levels: high, moderate, low, and very
low based on assessment of risk of bias, inconsistency,
indirectness, imprecision, and publication bias. With evidence
rated as high quality, we can have very high certainty that the
true effect is close to the estimated effect, whereasin evidence
rated as very low, we can have amost no certainty in the
estimates reported. Two reviewers (CE and LH) independently
rated studies included in the meta-analysis using GRADEpro,
and any disagreements were resolved by discussion. The table
summarizing the results of the assessment can be found in
Multimedia Appendix 5.

Results

Study Selection

Figure 1 shows a PRISMA flow diagram of studies identified
by the search. A total of 4704 papers were returned by the
search, of which 4582 were excluded at the title and abstract
screening stage. We reviewed the full text of 122 papers, and
15 studies [24-38] reported in 17 papers [39,40] were deemed
eligible for inclusion in the systematic review. At the full-text
screening stage, the following exclusions were made: 26
nondigital interventions, 23 protocols, 16 interventions where
the technology-based component was a supplement to
face-to-face, 12 interventionsfor the management or prevention
of gestational diabetes, 11 papers that did not report relevant
outcomes, 5 duplicates, 4 review papers, 2 papers not published
in English, 2 papers that included women with additional
cardiometabolic risk factors in the sample, and 1 conference
abstract. A total of 4 conference abstracts were reviewed that
did not contain enough information to assess eligibility. We
searched the 4704 abstracts identified by our review by author
name and intervention name, as outlined in the conference
publications, to identify any further publications relating to
these interventions. For 3 of the 4 conference abstracts, further
publications with moreinformation wereidentified that allowed
assessment of eligibility. There were no related papers found
for thefourth conference abstract, and no email addresses could
be found for the authors through web searches, so the study was
excluded from the review [41].
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.
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Study Characteristics

The characteristics of the 15 included studies are presented in
Table 1. Studies were published between 2012 and 2024, with
almost two-thirds published between 2020 and 2024 (n=10,
66%). They were conducted in the United States (n=6)
[28,31,32,34,36,37], Australia (n=4) [24,25,35,38], Asia (n=4)

https://www.jmir.org/2026/1/e78841

RenderX

Reports not retrieved (n=0)

Reports excluded:

Not digital intervention (n=26)
Protocol (n=23)

Digital intervention supplement to
face to face (n=16)
GDM/diabetes in pregnancy
management/prevention
intervention (n =12)

Did not report relevant outcomes
(n=11)

Duplicate (n=5)

Conference abstract (n=4)
Review (n=4)

Not published in English (n=2)
Sample included other
cardiometabolic risk factors (n=2)

[26,28-30], and Europe (n=1) [33]. The mean age of participants
among studies that reported age (n=13) [24-26,29-38] ranged
from 31.5 to 40.4 years, with most means falling between 31
and 34 years (n=9, 69.2%). Study design was primarily
randomized controlled trial (n=11) [24,25,27,29,30,32-36,38],
with 2 studies adopting a before-and-after single-arm design
[31,37] and 2 a nonrandomized controlled trial design [26,28].
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Author  Enrol- Design Defini- Tellocs Attri- Out- Fol- Riskof Agein Agein BMlin BMI in
(year), ment set- tion sample size, tion comesas- low- Bias 1G CG IG CG
location ting GDM? n IG/CG, sessed up du- (years), (years), (years), (years),
used % ration mean mean mean mean
(D) (D) (SD) (SD)
Cheung 1tertiary RCTd EPGE > 40/20 28/35 Weight, 8.5 ++/+ 34 (4) 34 (4) NRi NR
(2019), carehos 55 pAhi diet Months
Sydney, pital mmol/L
Aus- and/or a
Erzaiia 2hPG' >
8 mmol/L
on759g
OGTTY
Cheung 3tertiary RCT FPG = 88/89 7112 Weight, 6 ++/+ 322 32.2 Prepreg-  Prepreg-
(2024), carehos 55 PA, diet  months (4.6) (4.6) nancy: nancy:
Sydney, pitas mmol/L 29.4(6.9) 28.4(5.9)
Aus- and/or a
tralia 2hPG =8
[25] mmol/L
on75g
OGTT (at
2 hospi-
tals) or
oneof the
follow-
ing: FPG
>7.0
mmol/L;
2hPG =
111
mmol/L
on75g
OGTT,
random
plasma
glucose =
111
mmol/L
(at 1 hos-
pital)
Ghaderi 1 treat- Quasi-ex- NR 45/45 2/4 Risk per- NR ++/+ 33.66 32.55 Prepreg-  Prepreg-
(2019), mentcen- perimental ceptions (3.93) (4.44) nancy: nancy:
Tehran, ter with con- for T2D! 26.44 27.09
Iran trol group (2.63) (2.13)
[26]
Kim Universi- RCT NR 28/21 7123 Weight, 3 ++/++ NR NR 29.8(6.8) 29.8(6.8)
(2012), ty hedlth WCk, months
Michi-  system FPG,
gan, (large 2hPG,
United  nonprofit PA, self-
States  managed efficacy
(271 caeplan for diet
with sev- and PA,
erdl pri- risk per-
vate prac- ceptions
tices) type2diar
betes
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Author  Enrol- Design Defini- Tellocs Attri- Out- Fol- Riskof Agein Agein BMlin BMI in
(year), ment set- tion sample size, tion comesas- low- Bias 1G CG IG CG
location ting GDM? n IG/CG, sessed up du- (years), (years), (years), (years),
used % ration mean mean mean mean
(SD) (SD) (SD) (SD)
Kim 3hospi- Quasi-ex- NR 64/64 8/3 Weight, 3 +/+ Over35 Over35 NR NR
(2021), tals perimental body fat, months 456%  50%
South with con- FPG,
Korea trol group HbA 1c|7
(28] diet,
heslth-
promot-
ing
lifestyle
profile,
T2D
know!-
edge
Liew NR RCT NR 31/30 10/6 Weight, 25 ++/+ 36.5 354 240(4.4) 22.7(4.0
(2023), BMI, morths 3.7) 3.7
Singa- FPG,
pore 2hPG
[29]
Lim lhospital RCT FPG = 101/99 5/6 Weight, 4 ++/+ 326 324 Median  Median
(2021), 51 WC, diet, months (4.5) (4.2 26.9 258
Singa- mmol/L FPG, (IQR (IQR
pore and/or 2hPG, 230-205) 228-286)
[30] 1hPG™M > headlth di-
10.0 rected be-
and/or havior
2hPG =
85
mmol/L
on75g
OGTT
Nichol- 2univers- Singleearm NR 16/none 30 Weight, NR +++ 315 NR Prepreg- NR
son ty-based  pre-post HbA1¢, 4.7 nancy:
(2016), prenata  study Hf-effica 294
United  clinics cy for PA (11.2)
States and 1
[31] communi-
ty-based
practice
Nicklas 1hospital RCT Meets>2 36/39 17/13  Weight, 12 ++/+ 33.6 333 31.2(5.8) 31.6(5.5)
(2014 following BMI, months (4.8) (5.8)
[25], 100 g WC,
2019 OGTT: FPG,
[39], FPG 2 2hPG,
2020 5.3 HbA 1,
[40])v mmol/L, HOMA-
Boston, 1hPG > 0
United 10.0 ! Rd’ #(;gp
States mmol/L, an
2hPG > prever
86 lence, di-
mmol/L, o, PA
3nPG" >
7.8
mmol/L.
Or medi-
cal record
document-
ed clini-
ciandiag-
nosis
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Author  Enrol- Design Defini- Tellocs Attri- Out- Fol- Riskof Agein Agein BMlin BMI in
(year), ment set- tion sample size, tion comesas- low- Bias 1G CG IG CG
location ting GDM? n IG/CG, sessed up du- (years), (years), (years), (years),
used % ration mean mean mean mean
(D) (D) (SD) (SD)
Potzel  Univers- RCT FPG = 33/33 18/15  Weight, 6 ++/+ 37.0 35.7 Median  Median
(2022), ty medi- 5.1 body fat, months 4.4 (3.1 26(IQR  27.3
Ger- cal centre mmol/L IGT 26-289) (IQR
many in Mu- and/or a preva- 239-30.3)
[33] nich, Ger- 2hPG = lence,
many; Di- 8.5 PA, di€t,
abetes mmol/L changein
center in on75g health
Dussel- OGTT habits
dorf; Indti-
tute for
diabetes
research
in Tubin-
gen
Reu- NR RCT NR 9/6 0/17 Sleepdu- 15 +++ 420 38.7 32.7(5.3) 32.6(4.6)
trakul ration, months (2.9) (6.0)
(2022), PA, FPG,
Chica- 2hPG,
go, areaun-
United der the
States curve for
[34] glucose,
HOMA-
IR
Rollo NR 3-amRCT NR 28 (15low  29/21  Weight, 6 +H++ ppl-gq 336 HP:33.9 31.1(4.8)
(2020), personaliza- BMI, months (4.5); (3.8) (3.6), LP:
New tion [HP] WC, Lp" 33.9(3.6)
South and 13 low body fat, 32é
Wales, personaliza- HbA1¢, @3 '6)
Aus- tion[LP])/14 diet quali- )
tralia ty, PA
[35]
Saxon  NR RCT Meets>2 91/90 48/49 Dietand 24 -/- 325 322 31.4(5.9) 31.3(5.8)
(2023), following PA sdf-  months (4.9 (5.5
Boston 100 g efficacy,
and Col- OGTT: readiness
orado, FPG = to change
United 53
States mmol/L,
[36] 1hPG 2
10.0
mmol/L,
2hPG =
8.6
mmol/L,
3hPG =
7.8
mmol/L
Seely Single Singleearm  NR 21/none 14 Weight, 1.5 -[++ Whole NR NR NR
(2020), federaly pre-post sdf-effica  months sample:
Boston, qualified study cy for PA 33(6.9)
United  communi- and
States  ty health healthy
[37] center eating
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Author  Enrol- Design Defini- Tellocs Attri- Out- Fol- Riskof Agein Agein BMlin BMI in

(year), ment set- tion sample size, tion comesas- low- Bias 1G CG IG CG

location ting GDM? n IG/CG, sessed up du- (years), (years), (years), (years),
used % ration mean mean mean mean

(D) (D) (SD) (SD)

Taylor NR 3-amRCT NR 48 (HP25, 16/4 Weight, 3 +++ HP: 37.3 30.7(4.3) 30.0(4.8)

(2022), medium per- dietquali- months 36.0 (5.3)

New sonalization ty, PA, (5.9);

South [MP] 23)/28 sdf-efficar MP>

Wales, cy weight 34.6

Aus manage- (5.3

tralia ment

[38]

3GDM: gestational diabetes mellitus.
B1G: intervention group.

¢CG: control group.

9RCT: randomized controlled trial.
®FPG: fasting plasma glucose.
f2hPG: 2-hour plasma glucose.
90GTT: oral glucose tolerance test.
PPA: physical activity.

INR: not reported.

IT2D: type 2 diabetes.

KWC: waist circumference.
'HbA1c: hemoglobin A .

MhPG: 1-hour plasma glucose.

"3hPG: 3-hour plasmaglucose.

®HOMA-IR: homeostatic model assessment of insulin resistance.
PIGT: impaired glucose tolerance.

9HP: high personalization.

'LP: low personalization.

SMP: medium personalization.

Intervention Characteristics

Table 2 summarizes the characteristics of the interventions
reported in the 15 included studies. Among the included studies,
2[36,38] werefull trials of interventions piloted in other studies
included inthereview [32,35]. Most interventions targeted diet
and physical activity (n=12) [24,25,27-33,35,37,38]. Among
the studies that did not target diet and physical activity, 1
targeted risk perceptions for type 2 diabetes [26], 1 addressed
dleep [34], and 1 targeted self-efficacy for diet and physical
activity [36]. Of the 12 studies targeting diet and physical
activity behaviors, 7 also targeted additional behaviorsor factors
in the intervention, including breastfeeding [25,32], risk

https://www.jmir.org/2026/1/e78841

perceptions [27,31], self-efficacy [27], parenting [25], infant
health/first aid [25,28], stress [28,29], sleep [29,33], and
emotions[33]. A total of 4 studies stated that they wereinformed
by 1 or moretheories[25,31,33,37], with social cognitive theory
the most frequently used (n=3). Among trials with a control
arm (n=11), control participantswere provided with information
about gestational diabetes or diabetes prevention in 5 studies
[24,28,32,33,36], received routine care in 4 studies [25-27,30],
received the same app/website/devices asthe intervention group
but without messaging or coaching 2 studies [29,38], were on
a waitlist for the intervention in 1 study [35], and received
weekly emails with general health education and weekly brief
telephone contact from a coach in 1 study [34].
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Table 2. Summary of intervention characteristics.

Eades et al

Author Interventionname;  Intervention Timeperiod Intervention  Mode of delivery Control Theoretical Any tailoring
(year) description duration intervention  target basis
started
Cheung Smart Mumswith 8.5 months  Birth of ba- Diet, PA? Text messaging  Leaflet NRP Text messages cus-
(2019)[24] Smart Phones; by (3 per week), tomized according
Lifestyle advice, provision of activ- to activity monitor
education and sup- ity monitor, 2 x data, breastfeeding
port delivered via 30 mindiet coun- statusand ethnicity
text messages and seling sessions (1
counseling, includ- remote and 1
ing feedback from face-to-face)
activity monitor
Cheung Smart Mumswith 6 months Birth of ba-  Diet, PA, Text messaging  Routine care TRAS, Text messages cus-
(2024)[25] Smart Phones 2; by breastfeeding, (4 per week), ac- scTd tomized to breast-
Healthy lifestyle infant health,  tivity monitor ' feeding status and
promotion deliv- parenting HBM® activity monitor
ered viatext mes- data
sagesincluding
feedback from ac-
tivity monitor
Ghaderi NR; Educationon NR NR Risk percep-  Smartphoneapp Routinecare NR NR
(2019) [26] risk of type 2 dia- tions
betes
Kim NR; Structured, 3 months Within 3 Diet, PA, risk  Website, text Routinecare  NR Customized step
(2012)[27] web-based pedome- years of perceptions,  messaging, inter- count goals
ter program giving GDMdiagno- self-efficacy  net forum
personalized goals Sis
and education re-
garding lifestyle
modification
Kim NR; Virtua reality 3 months Birth of ba-  Diet, PA, Smartphone, vir-  Writtenedu- NR Adequacy of diet
(2021) [28] program where by stress, infant  tual reality appli- cational ma- and calories were
various exercises first aid cation and head-  terialson presented based
could be viewed set comf upon BMI
and performed and
diet recorded
Liew NR; Self-monitor- 1 month Within 10 Diet, PA, Smartphoneapp, Sameapp& NR Customized recom-
(2023)[29] ing intervention years of sleep, stress  continuous glu-  devicesas mendations for di-
using health track- GDM diagno- cose monitor, 1GY but no et, PA, sleep and
er. Datafrom sis health tracking messaging stress
tracker reviewed ring, 2 sessions
by health coaches of chatroom mes-
and personalized saging with
recommendations health coach
delivered by
coaches
Lim(2021) SPAROW; App 4 months Birth of ba-  Diet, PA Smartphone app, Routinecare NR Customized weight
[30] offering short by live chat with and activity goals
videosonlifestyle, hedlth care profes-
diet and activity sionals(5to 10
tracking, personal- min aday for
ized goalsand live first week then 2
chat function to3timesa
week)
Nicholson GooDMomsS; 7.5months  Fromdiagno- Diet, PA, risk  Website, 4 live NR SCT Customized feed-
(2016) [31] Web-based |essons sisof GDM  perceptions webinars, mes- back about weight,
on healthy sage board, text PA and diet
lifestyle, weight messages/emails

tracking and feed-
back on weight
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Author Interventionname;  Intervention Timeperiod Intervention  Mode of delivery Control Theoretical Any tailoring
(year) description duration intervention  target basis
started
Nicklas Balance after Ba- 12months  6weekspost Diet, PA, Website, email L eaflet NR NR
(2014) by; Lifestylemodi- partum breastfeeding and weekly tele-
[32]; fication adapted phone coaching
(2019) from DPP" ddliv- for 12 weeksthen
[39; ered viawebsite every second
(2020) [40]  and coach. Godls, week for 12
weight and physi- weeks and
cal activity record- monthly there-
ed on website after
Potzel TRIANGLE; Self- 6 months 3-18 months Diet, PA, Smartphone app, Leaflet Kok'stax- Customized and
(2022) [33] paced DPP-based following sleep, emo- chat-based coach- onomy of  interactive chal-
intervention with GDMdiagno- tions ing behavior lenges
individualized sis change
challenges, chat methods
coaching and be-
havior change
technique library
Retrakul Sleep-Extend,; 1.5months NR Sleep Smartphone app, Weekly NR During coaching
(2022) [34] Sleep tracker and wearable sleep health educa- feedback given on
app, didactic con- tracker, email, tion emails sleep data,
tent and telephone weekly telephone  (eg, vaccina- progress, and barri-
coaching aimed at coaching (5to 20 tion for ers explored and
improving sleep min each) adults, can- goals set
cer screen-
ing) & week-
ly brief tele-
phone con-
tact from the
coach
Rollo Body Balance Be- 6 months Within 2 Diet, PA Website, text Waitlistcon- NR Coaching sessions
(2020) [35] yond; Website- years of messaging, 6 trol reviewed diet and
based content on GDM diagno- coaching video PA, explored barri-
health lifestyles, sis calls (20-30 min ersto diet and PA,
goal setting, feed- each) with dieti- refined goals and
back on diet and cian and exercise personalized
activity from physiologist strategies for
coaches, and text achieving goals
messaging support
Saxon Balance after Ba 12months  6weekspost Self-efficacy  Website and Accessto NR NR
(2020) [36] by; See Nicklas partum and readiness weekly tele- websites
2014 description to changefor  phone, email and withinforme
PA and diet text messaging  tion about di-
coaching for 12 abetes pre-
weeksthen every vention
second week for
12 weeks and
monthly there-
after
Seely HolaBebé, Adiés 2 months Within 5 Diet, PA Smartphoneapp NR SCT NR
(2020) [37] Diabetes; Audio years of
visual modules on GDM diagno-
healthy eating and sis

physical activity
delivered via app
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Author Interventionname;  Intervention Timeperiod Intervention  Mode of delivery Control Theoretical Any tailoring
(year) description duration intervention  target basis
started
Taylor Body Balance Be- 3 months Within 5 Diet, PA Website, text Accesstoin- NR Coaching sessions
(2022)[38] yond; See Rollo years of messaging, 5 tervention reviewed diet and
2020 description GDM diagno- coachingvideo  websiteonly PA, explored barri-
sis calls (20-30 min ersto diet and PA,
each) withadieti- set goalsand
cian or exercise strategies for
physiologist achieving goals

3PA: physical activity.

NR: not reported.

®TRA: theory of reasoned action.
dSCT: social cognitive theory.
°HBM: health belief model.

fGDM: gestational diabetes mellitus.
91G: intervention group.

PDPP: diabetes prevention program.

The duration of interventions ranged from 1 to 12 months. In
most studies, theintervention was carried out in thetime period
between diagnosis of GDM and 18 months post partum (8/13,
60% of studies reporting when the intervention was delivered)
[24,25,28,30-33,36]. A total of 4 studies offered theintervention
to women between a maximum of 2 and 5 years following
diagnosis of GDM [27,35,37,38], and 1 study offered the
intervention up to 10 years following diagnosis [29]. The
technology-based modes of delivery used included smartphone
apps  [26,28-30,33,34,37], SMS text  messaging
[24,25,27,31,35,36,38], emails [31,32,34,36], websites
[27,31,32,35,36,38], online message boards [27,31], virtual
reality headset [ 28], activity/deep trackers[24,25,34], webinars
[31], and video calls [35,38], with most studies used multiple
technology-based methods of delivery (n=11). A total of 7
studies used only technology-based modes of intervention
delivery [25-30] and 8 used technology-based delivery plus

https://www.jmir.org/2026/1/e78841

RenderX

synchronous contact with ahealth coach/interventionist through
live chats [33], telephone calls [32,34,36], video calls [35,38],
a combination of face-to-face and remote methods [24], or via
webinars [31].

Risk of Biasand Certainty of Evidence

A summary of the quality assessments can be found in Table
1. A total of 9 studies achieved ahigh-quality rating for internal
validity, indicating that they minimized bias across multiple
criteria[24-27,29,30,32,33,35]. Additionally, 6 studiesreceived
a high-quality rating for external validity, indicating that they
minimized risk of bias in the generalizability of the study
population across multiple criteria [27,31,34,35,37,38]. The
GRADE assessment indicated that the certainty of evidence
was very low for all pooled outcomes (weight, fasting plasma
glucose, 2-hour plasmaglucose, HbA ., and HOMA-IR; Table

3).
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Table 3. Grading of Recommendations Assessment, Devel opment, and Eval uation assessment.

Outcome and certainty assessment Patients, n Effect Certainty  Impor-
tance

Stud- Study de- Riskof Incongsten Indirect- Impreci- Other Technolo- Nontechnolo- Relaa Abso-

ies,n  sign bias cy ness sion condder- gy-based gy-basedin- tive lute
ations  interven- terventions (95%  (95%
tions Cl) Cl)

Weight (kg; follow-up: range 10-52 weeks)

7 Random-  Seri- Notserious gerigus® Seriousd None 181 159 NR® mDf ©000 Critical
izedtrids ggab 101
D very
lower  low?Pcd
(1.86-
0.16
lower)

BMI (kg/mz; follow-up: range 10-13 weeks)

2 Random-  Seri- Notserious  gerigus®® Serious None 47 51 NR MD OO Critica
izedtrids @b 0.22
SD very
lower |guRbcdg
(1.48-
1.03
high-
e

Fasting plasma glucose (follow-up: range 10-52 weeks)

4 Random-  Seri- Notserious serigus®  Seriousd None 96 91 NR MD 0 ©000 Critical
izedtrids &b SD
(05  very
0.49 low@0.cd
high-
er)

2-hour plasma glucose (follow-up: range 10-52 weeks)

4 Random-  Seri- Notserious gerigus®  Seriousd None 96 91 NR MD OO Critica
izedtrids @b 0.12
SD very
higher |gnaPcd
(0.47-
0.72
high-
e

Hemoglobin A4 (follow-up: range 26-52 weeks)

2 Random-  Seri- Notserious gerigus® Seriousd None 54 53 NR MD ©000 Critical
izedtrids g gab 0.01
sD very
|0vver |0Wa,b,c,d
(0.24-
0.23
high-
er)

HOMA-IR" (follow-up: range 6-52 weeks)

2 Random-  Seri- Notserious ggrigus®  Serious® None 48 44 NR MD OO Critica
izedtrids &b 0.07
SD very
higher |gnaPcd
(0.16-
0.31
high-
e

#The nature of the technological interventionsin this review (websites and smartphone apps) makes blinding difficult to achieve. A few studies managed
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to blind researchers and outcome assessors, but most studies did not blind participants or researchers or did not report in detail.

bSome studies did not adequately describe allocation conceal ment.

®Most studies are small, single region, pilot studies using surrogate/short-term outcomes which limits the directness of the evidence and applicability

to the broader population of women with previous gestational diabetes.
9dAll studies have very small sample sizes of <400 and wide Cls.

®NR: not reported.

'MD: mean difference.

ariation in interventions is present.

PHOMA-IR: homeostatic model assessment of insulin resistance.

Anthropometric Outcomes

Weight was reported as an outcome in 12 studies
[24,25,27-33,35,37,38], waist circumferencein 4[27,30,32,35],
body compositionin 3[28,33,35], and BMI in 2 studies[27,29].
A total of 5 studies could not be included in the meta-analysis
for weight: 2 were single-arm studies [31,37], 1 reported the
proportion of women who met weight goals [25], 1 did not
report SDs, and they could not be calculated [30], and 1 was a
nonrandomized controlled trial [28]. Of the 5 studiesthat could
not be pooled, only 1 [28] reported findings that favored the
intervention in relation to weight loss.

Pooled analysis showed significantly greater weight lossin the
intervention group compared with the control (mean difference
-1.01, SE 0.35, 95% CI —1.86t0-0.16 kg; P=.03; n=7; GRADE

very low; Figure 2 [24,27,29,32,33,35,38]). 12=0.59; 1=0.77;
and 12=69% indicated higher heterogeneity. The effect did not
remain significant across different modes of delivery and lengths
of follow-up in subgroup analyses, although there was alarger
reduction in weight noted among studies using technol ogy-based
delivery only (mean difference—1.13, 95% CI —3.12t0 0.86 kg
for technology-based only, mean difference —0.89, 95% CI
—2.51t00.73 kg for mixed delivery; Figure 2) and with alonger
follow-up duration (mean difference —0.70, 95% CI -1.21 to
—0.18 kg for follow-up <6 months; mean difference—1.58, 95%
Cl 393 to 076 kg for 6-12 months, Figure 3
[24,27,29,32,33,35,38]) but between-group differences were

not significant for mode of delivery (x21:0.08; P=.78) or
follow-up duration (x2,=1.06; P=.30).

Figure 2. Random effects meta-analysis of the mean difference in weight (kg) comparing the intervention group and the control group according to

the mode of delivery (digital only vs mixed) [24,27,29,32,33,35,38].
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Figure 3. Random effects meta-analysis of the mean difference in weight (kg) comparing the intervention group and the control group according to

the length of follow-up [24,27,29,32,33,35,38].
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Pooled analysis showed areduction in BMI in the intervention
group compared to the control group, but the difference was
not statistically significant (mean difference—0.22, SE 0.1, 95%

Cl -0.4t0-0.01 kg/mz; P=.27; n=2[27,29]; GRADE very low;

Eades et al

Figure 4 [27,29]). The 12=41%; 1=0.1; and 1°=0.01 indicated
lower heterogeneity. Subgroup analyses were not possible for
BMI because of the small number of studies assessing these
outcomes and the uneven distribution of studies across the
different subgroups.

Figure 4. Random effects meta-analysis of the mean difference in BMI comparing the intervention group and the control group [27,29].

I Confidence interval of effect size
= Overall effect siza valus

B Effect size of each study
<@ Estimated overall effect size

No-effect value I Estimated overall confidence interval

o Mean differsnce Lower Upper p-value Weight Weight (%)

Eim 20172 -0.4 -1.11 0.1% 0.1eé 8.45 14.59

Li=w 2023 -0.18 -D.38 0.02 0.08 49.4B 85.41

Overall -0.22 -1.48 1.032 0.27

Forest Plot

Madel: Random-effects modal
Heterogeneity: Tau-squared =001, H-squared = 1 16, |-squared=0.14
Homogeneity: @ = 0.66, df=1, p-value = 0.42

Knapp-Hartung adjustment

None of the 4 studies assessing waist circumference reported
significant differences between the intervention and control
groups [27,30,32,35]. Of the 3 studies measuring body
composition [28,33,35], only 1 found asignificant reductionin
body fat percentage in the intervention group compared to the
control group [28]. There were too few studies reporting data
on waist circumference and body composition at both baseline
and follow-up to allow for meta-analysis of these outcomes.

Glycemic Outcomes

Fasting glucose levelswerereported in 5 studies [27-29,32,34],
2-hour glucose following an oral glucose tolerance test in 5
[27,29,30,34,39], HbA . in 4 [28,31,35,39], and HOMA-IR in
2 studies [34,39]. Only 1 study found a significant difference
in glycemic outcomes, reporting lower fasting glucose and
HbA . in the intervention group compared to the control group
[28]. One study assessed the prevalence of impaired glucose
tolerance [33] and another reported both impaired glucose
tolerance and type 2 diabetes prevalence [32], with neither
finding significant differences in prevalence among women
receiving theintervention compared to the control group. Three
studies reporting glycemic outcomes could not be pooled: SDs
were not reported and could not be calculated for fasting and
2-hour glucosein 1 study [30], 1 study ng fasting glucose

https://www.jmir.org/2026/1/e78841

RenderX

and HbA,. was a nonrandomized controlled trial [28], and
another reporting HbA ;. wasasingle-arm design [31]. Subgroup
analyses were not possible for glycemic outcomes because of
the small number of studies assessing these outcomes and the
uneven distribution of studies across the different subgroups of
mode of delivery and length of follow-up.

Pooled analysis showed no significant difference between groups
in fasting glucose (mean difference —0.03, SE 0.16, 95% ClI
—0.49 to 0.49 mmol/L; P=.99; n=4; GRADE very low; Figure
5 [27,29,32,34]), 2-hour glucose (mean difference 0.12, SE
0.19, 95% Cl —0.47 to 0.72 mmol/L ; P=.56; n=4; GRADE very
low; Figure 6 [27,29,32,34]), HbA ;. (mean difference —0.01%,

SE 0.02%, 95% ClI —0.24% to 0.23%; P=.74; n=2 studies,
GRADE very low; Figure 7 [32,35]), or HOMA-IR (mean
difference 0.07, SE 0.02, 95% CI -0.16 to 0.31; P=.16; n=2;

GRADE very low; Figure 8 [32,34]). The1=0.24; 1°=0.06; and
1°=55% indicate higher heterogeneity among the studies
assessing fasting plasmaglucose, and 2-hour glucose (12=42%;
1=0.58; 1°=0.34), and lower heterogeneity in the studies
assessing HbA .. (12=31%; 1=0.02; 12=0.0004) and HOMA-IR
(1=0%; 1=0.001; T2=0.000002).
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Figure5. Random effects meta-analysis of the mean differencein fasting glucose comparing the intervention group and the control group [27,29,32,34].
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Figure 6. Random effects meta-analysis of the mean differencein 2-hour glucose comparing theintervention group and the control group [27,29,32,34].
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Figure 7. Random effects meta-analysis of the mean difference in hemoglobin Alc comparing the intervention group and the control group [32,35].
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Figure8. Random effects meta-analysis of the mean difference in homeostasis model assessment of insulin resistance comparing the intervention group

and the control group [32,34].
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Behavioral Outcomes

A total of 8 studies reported diet outcomes
[24,25,28,30,33,35,38,42], and 8 reported physical activity
outcomes [24,25,27,32-35,38]. Only 1 study, testing an
intervention aimed at improving sleep quality, reported any
significant improvementsin physical activity among womenin
theintervention group in comparison to the control group [34].
Two studies reported a significantly reduced calorie intake
among those receiving the intervention compared to the control
group [30,32], and 1 reported significantly more positive dietary
habits among intervention participants [28]. Two studies
reported on general measures of health-promoting lifestyles
[28,30] and both found that the intervention group had
significantly higher scores compared to the control group,
indicating more healthy behaviors overall. Similarly,
significantly more women in theintervention group of the study
by Potzel et a [33] reported making changes to their
health-related habits compared to the control group. It was not
possibleto synthesize behavioral outcomesusing meta-analysis
due to the variability in how outcomes were measured and
reported.

Psychological Outcomes

A total of 4 studies measured self-efficacy for physical activity
[27,31,36,37], 3 sdlf-efficacy for diet [27,36,37], and 1 study
measured self-efficacy for weight management [38]. Two studies
found significant differencesin self-efficacy for physical activity
[36,37], but in 1, the differences were accounted for by the fact
that the control group’s self-efficacy worsened, whereas the
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intervention group remained stable [36]. One study found
significant differences in self-efficacy for weight management
[38], and 1 found significant differencesin self-efficacy for diet
[37]. Risk perceptions for type 2 diabetes were reported in 2
studies [26,27], with 1 finding significantly more changes in
risk perceptions among women in the intervention group
compared to the control group [26]. It was not possible to
synthesize psychological outcomes using meta-analysis dueto
the variability in how these outcomes were measured and
reported.

BCTs

A total of 34 different BCTswere coded acrossthe 15 included
studies out of the 93 BCTs described in the BCT taxonomy.
The number of BCTs in each study ranged from 6 to 17, with
a mean of 11.3 (SD 2.82) per study. A 2-tailed independent
samples t test found no significant difference in the mean
number of BCTsin effectiveinterventions (mean 10.5, SD 1.5)
and noneffective interventions (mean 12.3, SD 3.7; t; ,=1.19;
P=.27). Table 4 summarizesthe BCTs coded in al studies, and
in effective vs noneffective interventions. The most commonly
used BCTswere “instruction on how to perform the behavior,”
which was included in al studies, “credible source” (14/15,
93% of studies), “self-monitoring of behavior” (13/15, 87%),
“feedback on behavior” (11/15, 73%), “adding objects to the
environment” (10/15, 66%), “prompts and cues’ (10/15, 66%),
“goal setting (behavior)” (10/15, 66%), “action planning”
(10/15, 66%), “ problem-solving” (9/15, 60%), and “information
about health consequences’ (8/15, 53%).
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Table4. Summary of behavior change techniques in effective and noneffective interventions.

Behavior change technique All studies Effective any outcome Not effective for any outcome
(n=15), n (%) (n=8), n (%) (n=7), n (%)
Goals and planning
Goal setting (behavior) 10 (66) 4 (50) 6 (86)
Problem-solving 9 (60) 4(50) 5(71)
Goal setting (outcome) 2(13) 2(25) 0(0)
Action planning 10 (66) 5(63) 5(71)
Review behavior goal(s) 6 (40) 2(25) 4 (57)
Discrepancy between current behavior and goal 1(7) 0(0) 1(14)
Review outcome goals 1(7) 1(13) 0(0)

Feedback and monitoring

Feedback on behavior 11 (73) 5(63) 6 (86)
Self-monitoring of behavior 13 (87) 7(88) 6 (86)
Self-monitoring of outcomes of behavior 4(27) 3(398) 1(14)
Feedback on outcomes of behavior 1(7) 0(0) 1(14)
Social support
Social support (unspecified) 9 (60) 3(39) 6 (89)
Social support (practical) 2(13) 2(25) 0(0)
Social support (emotional) 1(7) 1(13) 0(0)

Shaping knowledge
Instruction on how to perform the behavior 15 (100) 8 (100) 7 (100)

Natural consequences

Information about health consequences 8(53) 4 (50) 4 (57)
Salience of consequences 3(20) 3(398) 0(0)
Information about social and environmental consequences 4(27) 2(25) 2(29)
Information about emotional consequences 1(7) 1(13) 0(0)

Comparison on behavior

Demonstration of the behavior 7 (47) 6 (75) 1(14)

Social comparison 1(7) 0(0) 1(14)
Associations

Prompts/cues 10 (66) 6 (75) 4 (57)

Repetition and substitution

Behaviora practice/rehearsal 2(13) 2(25) 0(0)

Habit formation 1(7) 1(13) 0(0)

Graded tasks 2(13) 0(0) 2(29)
Comparison on outcomes

Credible source 14 (93) 8 (100) 6 (86)

Pros and cons 1(7) 0(0) 1(14)

Reward and threat

Material reward (behavior) 1(7) 0(0) 1(14)
Nonspecific reward 1(7) 0(0) 1(14)
Social reward 5(33) 2(25) 3(43)
Regulation
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Behavior change technique All studies Effective any outcome Not effective for any outcome
(n=15), n (%) (n=8), n (%) (n=7), n (%)
Reduce negative emotions 1(7) 0(0) 1(14)
Antecedents
Restructuring the physical environment 1(7) 0(0) 1(14)
Adding objects to the environment 10 (66) 7 (88) 3(43)
| dentity
Framing/reframing 4(27) 1(13) 3(43)

There were 6 BCTsidentified as being present in 75% (6/8) or
more of effective interventions: “ self-monitoring of behavior,”
“instruction on how to perform the behavior,” “demonstration
of the behavior,” “prompts/cues, credible source,” and “adding
objects to the environment.” However, these BCTs were all
present in very similar proportions of the studies that were not
effective, except for “demonstration of the behavior,” which
was found only in 14% (1/7) of noneffective studies compared
to 75% (6/8) of effective ones, and “adding objects to the
environment,” which was present in 43% (3/7) of noneffective
interventions compared to 88% (7/8) of effective interventions.

Differences between effective and noneffective interventions
were noted for 3 other BCTs: “goal setting (behavior),” “social
support (unspecified),” “salience of consequences.” The “goal
setting (behavior)” BCT was used more frequently in
noneffective interventions (6/7, 86%) than in effective
interventions (4/8, 50%). Effective interventionsless frequently
used the BCT “social support (unspecified)” (3/8, 38%)
compared to noneffective interventions (6/7, 86%), but more
frequently used practical (2/8, 25%) or emotional social support
(/8, 13%), which were not used in any noneffective
interventions. The “salience of consequences’ BCT was used
in 38% (3/8) of effective interventions and not used in any
noneffective interventions. However, al of the comparisons
between effective and noneffective interventions must be
interpreted with caution due to the small number of studiesin
each group.

Discussion

Principal Findings

This systematic review identified 15 studies [24-38] reported
in 17 papers [39,40], investigating interventions aiming to
prevent type 2 diabetes among women with a history of
gestational diabetesusing primarily technol ogy-based delivery.
Weight loss was the most frequently assessed outcome
[24,25,27-33,35,37,38], but other outcomes related to diabetes
risk assessed included waist circumference[27,30,32,35], body
composition [28,33,35], BMI [27,29], glycemic control
[27-32,34,35,39], health behaviors [24,25,27,28,30,32-35,38],
self-efficacy for behavior change [27,31,36-38], and risk
perceptions of type 2 diabetes [26,27]. Only 1 study assessed
type 2 diabetes prevalence and found no significant differences
between theintervention and control group [32]. Pooled analysis
of 7 studies [24,27,29,32,33,35,38] reveded a significantly
greater weight loss among those receiving technol ogy-based
interventions. Interventions delivered using technology
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[27,29,32,33] and with alonger follow-up [25,32,33,35] resulted
in increased weight loss compared to those using combined
technol ogy and tel emedicine approaches[24,35,38] and studies
with a shorter follow-up [27,29,38]. Meta-analysis showed no
significant differences in BMI [27,29], fasting glucose
[27,29,32,34], 2-hour glucose [27,29,32,34], HbA . [32,35], or
HOMA-IR [32,34] between intervention and control groups.
There was heterogeneity in the study populations, dropout rates,
target, timing, and duration of the intervention, and modes of
delivery. Comparable heterogeneity has been reported in other
systematic reviews of technology-based or telemedicine
interventions for diabetes prevention [11,13].

Comparison With Other Literature

Although most studies included in this review did not
individually report significant effects of technology-based
interventions on weight loss, pooled analysis reveded a
significantly greater weight loss among those receiving
technol ogy-based interventions with amean difference of —1.01
(95% Cl —-1.86 to —0.16) kg. Although this difference is
relatively small, 1 study found that weight loss of 1 kg in 1079
participants of a diabetes prevention intervention reduced the
risk of type 2 diabetes by 16% over 3 years[43]. A systematic
review of primarily face-to-face lifestyle interventions for
women with a history of gestational diabetes reported a mean
difference of —1.06 (95% CI -1.68 to —0.44) kg in pooled
analysis of 5 trials, suggesting that technology-based
interventions may be close to face-to-face interventions in
effectiveness for weight loss in this population [44], but with
possible benefitsin terms of the resourcesrequired for delivery.
Research has supported the cost-effectiveness of digital health
interventions for supporting behavioral change in other
populations [45,46], and so it is possible that technol ogy-based
interventions could offer a cost-effective means of supporting
lifestyle change among women following adiagnosis of GDM.
However, none of the studies in this review included any
economic analysis, and this should therefore be explored in
futuretrials.

Subgroup analyses carried out in this meta-analysis showed that
interventions delivered using technol ogy-based methods only
resulted in more weight loss compared to those interventions
using a combination of technology-based and telemedicine
approaches, but these differences were not statistically
significant. Studies with a follow-up of 6 months or more also
resulted in increased weight loss than those with a shorter
follow-up, whichis consistent with aprevious systematic review
by Goveia et d [47] that included both technol ogy-based and
face-to-face lifestyle interventions for diabetes prevention in
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women with GDM. Intervention length and follow-up length
in studies in this review were largely similar, and so these
findings suggest that technology-based interventions for this
population should have a duration of 6 months or more to
maximize effectiveness. The need for help over alonger period
is supported by women's descriptions of the challenges of
managing lifestyle change alongside the multiple roles they
fulfill in the postpartum period [10].

Thefindingsin relation to glycemic outcomeswereless positive
than those for weight. Only 1 of the 5 studies assessing glycemic
control reported significant differencesfavoring theintervention
group, and pooled analyses reported no significant differences
in fasting glucose, 2-hour glucose, HbA,;, or HOMA-IR. The
review by Goveia et a [47] also found no significant effect of
lifestyleintervention on fasting and plasmaglucose but did find
apositive effect for HbA ;.. Goveiaet a [47] found areduction
in the incidence of type 2 diabetes, which was larger in
interventions that started within 6 months of women giving
birth. Only 1 study in this review assessed type 2 diabetes and
found no significant differences in prevalence between the
intervention and control group, but the intervention started up
to 3 years postdelivery in this study.

It was not possible to pool studies on physical activity and diet
in this review, but individually, most studies did not show
significant effects of the intervention on either outcome. In
contrast, half of the studies assessing self-efficacy for physical
activity and diet, or risk perceptions, reported significant
differences that favored the intervention group. This suggests
that technology-based interventions included in this review do
appear to be capable of changing the antecedents of behavior,
evenif studiesdo not demonstrate significant changesin lifestyle
behavior. However, it is difficult to draw conclusions from
individual studies in this review due to the limitations of the
studiesin relation to sample size, asdiscussed in the Limitations
section below.

There was no significant difference in the number of BCTsin
effective studies compared to noneffective studiesin thisreview.
This is in contrast to the findings of a systematic review of
technology-driven type 2 diabetes prevention interventions in
high-risk groups, excluding women with GDM, by Van Rhoon
et a [11], which found that effective interventions had more
BCTs on average. In our review, there was an average of 11.3
(SD 2.82) BCTsacrossal interventions compared to an average
of 9 in the interventions included in Van Rhoon et a’s review
[11]. It has been argued that it is important to include fewer,
more effective BCTs in technology-based interventions where
attrition rates can be high, and too many BCTs might make the
intervention more time-consuming and less engaging [48].
Research on BCTs in technology-based interventions aiming
to promote physical activity and reduce sedentary behavior in
adults suggests that the specific combination of BCTs may also
be important, with certain combinations being more effective
than others [48]. Given that there was no difference in the
number of BCTs between effective and noneffective
interventions in this review, and the challenges and competing
demands that women report when attempting lifestyle change
in the postpartum period [10], future research should arguably
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focus on what BCTs are likely to be effective in women with
GDM, rather than the quantity of BCTSs.

There was little difference in the BCTs contained in effective
interventions and noneffective interventions in this review
except for “ demonstration of behavior,” “adding objects to the
environment,” and specific types of “social support” (eg,
“emotional or practical”) being more common in effective
interventions, whereas less effective interventions were more
likely to contain “unspecified social support.” Furthermore,
descriptions of interventions were often lacking in detail, and
these differencesin social support may represent differencesin
reporting rather than true differencesin intervention approaches.
Clearer specification of interventionsisneeded intrialsto build
a cumulative evidence base of effective interventions that can
be replicated and refined.

The most commonly included BCTs across all studies in this
review were: “instruction on how to perform the behavior,’
“credible source,” “ self-monitoring of behavior,” “feedback on
behavior,” “adding objects to the environment,” “prompts and
cues,” “goal setting (behavior),” “problem-solving,” “action
planning,” and “information about health consequences.” The
systematic review of technology-driven type 2 diabetes
prevention interventionsin high-risk groups, excluding women
with GDM, by Van Rhoon et al [11] found that 90% of effective
interventionsincluded the BCTs" social support (unspecified),”
“goal setting (outcome/behavior),” “feedback on behavior,” and
“self-monitoring of outcomes’ [11]. Of these, “social support
(unspecified),” “ goal setting (outcomes),” and “self-monitoring
(outcomes)” were not among the most used BCTsin thisreview,
and future research should consider theinclusion of these BCTs
and assess their transferability from other high-risk groups to
women with previous GDM.

Limitations

Limitations of the review include that non-English papers were
excluded, gray literature was not identified, and data were not
independently extracted but instead checked by a second
reviewer. Prediction intervals could not be calculated in the
meta-analysis because of the small number of eligible studies.
By reporting only Cls and not prediction intervals, we cannot
draw conclusions about the possible variation in theintervention
effect across different populations and settings [22]. Key
limitations of the studiesincluded in the review were the small
sample sizes and lack of power calculations[49]. Sample sizes
in al included studies were very small, with al studies
containing around 100 participants or fewer in each arm.
Two-thirdsof studiesincluded in thereview either did not report
carrying out a power calculation or reported being
underpowered. Given that meta-analysis showed significant
reductions in weight favoring the interventions when most
individual studies did not, it is possible that interventions did
result in behavioral changes, but studies were not adequately
powered to detect these differences [49]. The certainty of the
evidence for al pooled outcomes in this review was rated as
very low.

Interventions were often poorly described, making it difficult
to code and identify potentially effective ingredients, and most
lacked an explicit theoretical basis to explain and understand
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how they might work. The explicit use of theory in interventions
may increase the likelihood that an intervention will be effective
by ensuring that the causal determinants of the behavior are
understood and addressed in the intervention [50]. There were
not enough studies using theory in this review to suggest a
particular model or framework that should be used, but instead,
we recommend that, to maximize the potential effectiveness of
technology-based interventions in this group and facilitate
replicability, future research should clearly describe the content
of interventions and consider the theoretical basis for the
intervention. There was also a variety in the mode of delivery
of digital interventions, and future research should explore
whether providing participants with additional devices (eg,
fitness trackers) offers any significant benefit over them using
their own devices (eg, smartphones) that outweighs the costs
of these devices.

Conclusions

Thisreview isthefirst to summarize interventionswith primarily
technology-based delivery to prevent type 2 diabetesin women
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following a diagnosis of GDM. Previously published reviews
included interventionswith any digital component, and in many
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according to the GRADE assessment mean that the findings
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larger samples, longer follow-up, and clearer reporting of
interventions arerequired to allow firm conclusionsto be drawn.
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