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Abstract

Background: Gestational diabetes mellitus (GDM) is characterized by hyperglycemiain pregnancy and typically resolves after
birth. Women with GDM have an increased risk of developing type 2 diabetes mellitus (T2DM) later in life compared to those
with normoglycemic pregnancy. While diabetes prevention interventions (DPIs) have been developed to delay or prevent the
onset of T2DM, few studies have provided process evaluation (PE) data to assess the mechanisms of impact, quality of
implementation, or contextual factors that may influence the effectiveness of the intervention.

Objective: This study aims to identify and evaluate PE data and how these link to outcomes of randomized controlled trials
(RCTs) of T2DM prevention interventions for women with GDM.

Methods: A systematic review was conducted to identify studies published from 2005 to 2020 aiming to capture the most recent
DPIs. Five electronic bibliographic databases (Cochrane Library, Cochrane Collaboration Registry of Controlled Trials, Embase,
PubMed, and MEDLINE) were searched to identify relevant studies. Inclusion criteria were published (peer-reviewed) RCTSs of
DPIs in women with a current diagnosis or history of GDM. Exclusion criteria were studies not published in English; studies
where the target population was women who had a family history of T2D or women who were menopausal or postmenopausal;
and gray literature, including abstracts in conference proceedings. The Medical Research Council’s PE framework of complex
interventions was used to identify key PE components. The Mixed Method Appraisal Tool was used to assess the quality of
included studies.

Results: A total of 24 studies were included; however, only 5 studies explicitly reported a PE theoretical framework. The studies
involved 3 methods of intervention delivery, including in person (n=7), digital (n=7), and hybrid (n=9). Two of the studies
conducted pilot RCTs assessing the feasibility and acceptability of their interventions, including recruitment, participation,
retention, program implementation, adherence, and satisfaction, and 1 study assessed the efficacy of a questionnaire to promote
food and vegetable intake. While most studies linked PE data with study outcomes, it was unclear which of the reported PE
components were specifically linked to the positive outcomes.
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Conclusions: While the Medical Research Council’s framework is avaluable source for conducting systematic reviews on PES,
it has been criticized for lacking practical advice on how to conduct them. The lack of information on PE frameworks in our
review also madeit difficult to categorize individual PE components against the framework. We need clearer guidance and robust

frameworks for conducting PEs for the development and reporting of DPIs for women with GDM.

Trial Registration:

PROSPERO International Prospective Register of Systematic Reviews CRD42020208212;

https.//www.crd.york.ac.uk/PROSPERO/display_record.php?Recordl D=208212

International Registered Report Identifier (IRRID):

(Interact J Med Res 2025;14:€51718) doi: 10.2196/51718

RR2-https://doi.org/10.1177/16094069211034010
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Introduction

Gestational diabetes mellitus (GDM) is characterized by
hyperglycemia first recognized in pregnancy and currently
impacts between 8% and 23% of pregnanciesglobally [1]. GDM
typicaly resolves after birth but can have significant
implicationsfor both short- and long-term health of women and
babies [2]. Women with prior GDM have a nearly 10-fold
increased risk of developing type 2 diabetes mellitus (T2DM)
than those with normoglycemic pregnancy [3]. Risk factorsfor
T2DM after GDM include high BMI, increasing age,
multiparity, poor glucose tolerance, and prepregnancy
complications [4-6]. Lifestyleinterventionsthat target both diet
and exercise are associated with small but significant effectsin
reducing therisk of T2DM in women with GDM [7-10].

Process evaluation (PE) theoretical frameworks provide a
systematic approach to planning the design of health behavior
changeinterventions[11,12]. However, many of the randomized
controlled trials (RCTs) reported not using these PE frameworks
to plan the design of lifestyle interventions[11,13-17]. Severa
key PE theoretical frameworks have been devel oped and widely
used [13-17], and researchers have made progress in updating

https://www.i-jmr.org/2025/1/€51718

the methodologies and definitions of key PE components to
construct more comprehensive frameworks to measure the
success and effectiveness of interventions [13]. Knowledge of
these processes can better inform future policy and practice [18]
and provide opportunities to improve study design and
methodol ogies of future diabetes prevention interventions (DPIs)
[19].

The UK Medical Research Council (MRC) theoretica
framework on PEs for complex interventions was chosen for
thissystematic review [15], asit iswell regarded and recognizes
the need for more formal guidance on how to conduct PEs. The
framework considers processes along 3 interlinked dimensions:
implementation, mechanisms of impact, and contextual factors.
Table 1 presents a glossary of key PE components and
methodologies [15].

The overarching aim of thisreview wasto identify and evaluate
any PE conducted and how these link to outcomes of RCTs of
DPIsafter GDM. Specific objectiveswereto identify the extent
to which PE components were reported and described in RCTs
of DPIsfor women with previous or current GDM and to assess
whether these components could contribute to explaining the
intervention outcomes of the DPIs.
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Table 1. Glossary of key process evaluation components and methodol ogies.
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Key process evaluation components

Definitions

Quantitative methods

Qualitative methods

Implementation

Content delivered

Method of content delivery

Fidelity

Dosage delivered

Dosage received

Adaptations

Reach

M echanisms of impact

Participant responses toward the
intervention

Mediators

Unexpected pathways or conse-

quences

Contextual factors

Barriers

Facilitators

The content included in the interven-
tion and the method in which the
content is delivered to the partici-
pants.

How the intervention content was
delivered to the participants and the
extent to which quantitative and
qualitative methods were used.

The extent to which the intervention
was delivered as intended. Fidelity
representsthe quality and integrity of
the intervention.

The quantity or number of intended
units delivered during theintervention
including the component delivered
and the extent of the participant’s en-
gagement.

The quantity or number of intended
unitsreceived during theintervention
including the component received by
the participants.

The extent to which aterations were
made to an intervention to achieve
better contextual fit.

The proportion of the intended target
audiencethat comesinto contact with
and participated in the intervention.

The responses of participants who
interacted with and received theinter-
vention, their satisfaction, and the
degree to which they found the inter-
vention acceptable.

The extent to which intermediary
processesinform subsequent changes
in outcomes.

The extent to which identifying unex-
pected pathways and mechanisms
during the intervention meets the re-
search needs and leadsto intervention
outcomes.

Any external factors that may act as
abarrier toward the intervention im-
plementation or its effect on the out-
COmes.

Any external factors that may act as
afacilitator to theinterventionimple-
mentation or its effect on the out-
comes.

Structured observation

Structured observation

Behavioral coding systems
Questionnaires

Protocol checklist
Structured observation

Checklist records of dose de-
livered
Structured observation

Behavioral coding systems
Questionnaires

Structured observation
Digital monitoring (eg, digi-
tal feedback)

Structured observation

Attendance lists
Standardized protocols

Questionnaires

Structured observations

Structured observations

Statistical analysis
Questionnaires

Statistical analysis
Questionnaires

o  Observationa study

o  Observationa study

« Audiotapes of sessions
«  Observational study

« Audiotapes of sessions

« Audiotapes of sessions

«  Focusgroups

« Interviews

o Observational monitoring

o  Observationa study

Observational monitoring

o Interviews
«  Focusgroups

«  Observationa study

«  Observational study

o Interviews
«  Focusgroups
«  Observational study

o Interviews
«  Focusgroups
«  Observational study
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Methods

Study Design

This review used the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines and was
registered on PROSPERO (CRD42020208212). Owing to
limited guidance on conducting systematic reviewsin thisarea,
we used the UK MRC theoretical framework from which we
derived aglossary of componentsto use asachecklist to extract
and categorize qualitative and quantitative data (Table 1) [15].
This framework considers 3 linked dimensions in which to
consider processes: implementation, mechanisms of impact,
and contextual factors. |mplementation involves an assessment
of fidelity, dose delivered and received (ie, how often or
effectively it was delivered), adaptations made, reach, content
delivered, and method of content delivery [20,21]. Mechanisms
of impact involve an assessment of participants satisfaction
with the intervention, “unexpected consequences,” and
“mediators’ [18]. Contextual factorsrefer to the external barriers
and facilitators, such as cultural or organizational factors, that
may ater the implementation of an intervention [22].

Search Strategy

Thetimeframefor the search waslimited to between December
1, 2005, and December 16, 2020. This timeframe was selected
because of the rapid increase in DPIs in addition to the
fast-moving space of digital technology. The review aimed to
capture the most recent DPIs. Five electronic bibliographic
databaseswere used: Cochrane Library; Cochrane Collaboration
Registry of Controlled Trials; Embase; PubMed; and
MEDLINE. The main key search terms were GDM, RCT, and
PE (see Multimedia Appendix 1 for a detailed list of search
terms and strings and Multimedia Appendix 2 for key
definitions). Reference lists of the included studies were also
searched for additional eligible studies. Boolean search was
used to combine the keywords with operators such as AND,
NOT, and OR to further produce more relevant results, for
examplee ((GDM  OR  gestational diabetes OR
pregnancy-induced diabetes OR diabetes in pregnancy) AND
((RCT OR controlled clinical trial OR pragmatic control trial
OR clinical trial) AND (process evaluation OR program
evaluation OR process assessment OR process acceptance OR
outcome measures)); ((GDMs OR gestational diabetes OR
pregnancy-induced diabetes)) AND ((RCT OR controlled
clinical trial OR pragmatic clinical trial OR clinical trial) OR
(process evaluation OR program assessment OR process
acceptance OR outcome measures).

https://www.i-jmr.org/2025/1/€51718
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Eligibility Criteria

Inclusion criteriawere published (peer-reviewed) RCTsof DPIs
inwomen with acurrent diagnosis or history of GDM. Exclusion
criteria were studies not published in English; studies where
the target population was women who had a family history of
T2D or women who were menopausal or postmenopausal; and
gray literature, including abstracts in conference proceedings.
For further details about the eligibility criteria, please see the
study protocol [23].

Study Selection

After initial deduplication of the extracted data using Endnote
(Clarivate), studies were uploaded to the platform Rayyan for
screening. The 2 reviewers (IIMS and MB) independently
screened the titles and abstracts of the studies. Disagreements
were resolved via consensus or decided by a third reviewer
(IPN) when consensus could not be reached. The full texts of
potentially relevant studieswereretrieved for further screening
and independently appraised by 2 reviewers (IIMS and MB)
for final inclusion.

Data Extraction, Study Characteristics, and Analysis

Standardized data extraction formswere devel oped and piloted.
Extracted data included a summary of study characteristics,
evaluation of processes (if any), methods, and findings. Data
were extracted by a single reviewer (1IMS) and verified by a
second reviewer (NH); discrepancies were again resolved via
consensus.

We conducted a narrative synthesis of the studies as we
anticipated that the heterogeneity of the methods used to assess
processes would preclude meta-analysis, as has been found
previously [10].

Assessment of Quality

The Mixed Method Appraisal Tool was used to assess the
quality of included studies by 2 independent reviewers (1IMS)
and (NH). The discrepancies were again resolved via consensus.

Results

Study Selection

The PRISMA flow diagram for thisreview is shown in Figure
1. Of the 13,735 records initially identified, the full text of 378
full-text studieswere screened for eligibility and 21 studies met
the dligibility criteria. An additional 3 studies were added
following citation searching. Therefore, 24 studieswereincluded
in this review. Most of these studies fulfilled at least 3
methodological quality criteria outlined by the Mixed Method
Appraisal Tool for each study design (Multimedia Appendix 3
[3,24-46]).

Interact JMed Res 2025 | vol. 14 | 51718 | p. 4
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) diagram of search. GDM: gestational diabetes mellitus.
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|

review (n=24)

Study Char acteristics

The stated primary aims of al 24 DPI studies reviewed were
to improve dietary and physical activity outcomes, increase
self-efficacy levels and risk perception of T2DM, and decrease
maternal postpartum weight and BMI. The 24 studies evaluated
in-person (n=8), digital (n=7), and hybrid (n=9) interventions.
Two of the studies were pilot studies of the feasibility and
acceptability of DPIs. All studieswere published between 2007
and 2020. Most studies (n=22, 92%) were conducted in
high-income countries. Only 2 studies were conducted in low-
to middle-income countries: Egypt (n=1) and Malaysia (n=1).
The sample size ranged from 31 to 1180 participants. The
intervention duration varied from 12 weeks to 6 years. See
Multimedia Appendix 4 [3,24-46] for a description of study
characteristics of the studiesincluded in this review.

Number and Type of PE Components Reported

The most frequent PE components evaluated were content
delivered and method of content delivery (n=24), dose delivered
(n=20), reach (n=20), dose received (n=17), barriers (n=15),
facilitators (n=8), and participants responses toward the
intervention (n=8). Relatively few studiesreported process data
relating to adaptations (n=7), mediators (n=7), fidelity (n=5),
or unexpected pathways or consequences (n=2). All PE
components outlined by the MRC framework and reported in
the reviewed DPIs are summarized in Multimedia Appendices
5 and 6 [3,24-46].

https://www.i-jmr.org/2025/1/€51718
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PE Frameworks and M easures Reported

Five studies explicitly referred to a PE framework or PE
guantitative or qualitative measures. Only 1 of these referred
to process measures in the context of the MRC framework of
complex interventions [24]. The others reported measures to
ensure adherenceto the study protocol [25], to measure“reach”
(using the penetration, implementation, participation, and
effectiveness metric) [26,27], or to assess participants
satisfaction to the program using a survey [47].

Implementation

Content Delivered and Method of Content Delivery

Eight studies evaluated in-person or group DPIs [3,28-34], 7
evaluated digital DPIs[35-40,48], and 9 delivered hybrid DPIs
[24-27,41-44]. Most of the interventions were multicomponent
that focused on diet and self-directed physical activity
[24-27,33,35,40-46,49] or were facilitator led [29,30,43]. One
intervention also included advice on breastfeeding [28].

Behavior Techniquesand Theoretical Frameworks Used
to Deliver Content

Behavior change techniquesincluded motivational interviewing
(MI) with individual goal setting [26,29]; enhancing healthy
lifestyle change and self-management [24]; guided self-help
[33]; nutritional and physical activity recommendations [30];
self-help guidance based on responses to a dietary food intake
guestionnaire [3]; and guideline-based nutritional strategies
[44]. Five interventions were underpinned by established
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theoretical frameworks—social cognitive theory and the
transtheoretical model of behavior change [25]; the Health
Action Process Approach supported by social cognitive and
self-regulation theory [27] based on aHealth Belief Model [50];
and messages on weight loss, diet, and physical activity based
on aharm reduction model to promote healthy lifestyle changes
[43].

The link between a process and outcome was reported in 2
studies. In the first, the use of behavior change strategies was
reported to improve women's knowledge, beliefs, and
self-reported practices as well as decrease postpartum weight
gainin 1 study [33]. Inthe second study, there were no observed
changesin weight, waist circumference, or blood glucose level
and thiswas correlated with no changesin health perception or
self-efficacy [3].

Fidelity

Five DPIs(digital: n=3 and hybrid: n=2) reported on thefidelity
(quality) of intervention implementation [25,27,36,39,45].
Assessment of fidelity involved recording telephone calls or
sessions [36,45], a qualitative [45] or quantitative [36,39]
assessment of adherence, and sometimes also involved input
from the participants [45]. Two of the studies attributed a high

level of fidelity to effective weight loss and weight goals
[27,36].

Dose Dedlivered

Nineteen studies reported on the quantity, frequency, and
duration of the interventions[24-26,28-30,32,34,36,39-43,48].
Most studies delivered around 1 to 4 sessions lasting 2 hours.
The shortest dose duration was 12 weeks and included
12-weekly sessions of 2.5 hours including group physical
activity, health education, and an individualized lifestyle
counseling session [29].

Further details in relation to dose delivery were generaly
limited. For instance, the frequency [24,40] or quantity of
onsor emails[43,45] were not reported. Similarly, 3 digital
DPIs of web-based interventionsinvolving health websites [40],
internet telemedicine [37], or pedometer messaging [38] did
not report the quantity of health content and messages sent by
health care professionals. Borgen et a [35] reported the delivery
of their mobile health app but did not mention how long it would
take to peruse the app’s content. Finally, another web-based
intervention [44] did not report on how frequently participants
should use the pedometer or step count goal target.

Dose Received

Sixteen of the studies reported data on the dose received by the
participants[3,24-26,28-30,32,36-38,43,45]. The dose response
included the average number of sessions attended by women
[25-27,29,36,40,43-45]; those returning documents or
questionnaires [51-53]; combined food intake and physical
activity logbooks[38,54,55]; and log-insto websites or systems
[37,40,45].

Information on the dose received was used to highlight the
willingness of participants to take part in the study and the
subsequent success of theintervention. For example, in 1 hybrid
study [44], it was reported that most women in the study

https://www.i-jmr.org/2025/1/€51718
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attended all 4 lifestyle counseling sessionsin their intervention,
concluding that it was successful in reducing weight and
increasing physical activity levels. Details on the dose received
were also used to explain any lack of intervention effects. In
another hybrid study [43], authors attributed their unsuccessful
intervention outcomesto the limited number of women logging
onto their website intervention and observed that engagement
did not improve with fortnightly automated email reminders.
Onedigital study observed that they did not collect data on user
engagement for its mobile health app to protect women's privacy
and questioned that this may have explained the nonsignificant
effect of the intervention [35].

Adaptations

Adaptations were described in 7 DPIs, including 2 in-person
[38,55], 2 digital [35,45], and 3 hybrid DPIs[24,25,32]. These
adaptations were seen asimportant components for the success
of the intervention and included providing a choice of
intervention methods [28] and tailoring interventions to the
characteristics of the target population [45] to specific ethnic
or cultural backgrounds [24,34,35]. In 3 hybrid DPIs, MI
techniques were used to tailor sessions for participants[24,25]
and illustrations and simple messages were added to address
low health literacy [41].

Reach

Twenty studies reported on the reach of its intervention in
relation to the target population [24-26,28-32,34,36-41,43,45].
Lossto follow-up was arecognized challenge, perhapsreflecting
the case mix of the target population. Two of the studiesreferred
to pregnancy complications asareason for dropout [31,33] with
another attributing loss to follow-up to work or personal
commitments, initiation of a weight loss diet, subsequent
pregnancy, not being contactable, and finding intervention
resources unhelpful [40]. One digital DPI reported a low
participation rate of 17%, making inferenceto the broader target
population difficult [39]; another reported that few women who
received information about their intervention proceeded to enroll
for participation [38]. Other studies that used PE methods to
measure reach reported low rates [24,27,43] and 2 additional
studies had 33% to 39% attrition rates [29,34].

M echanisms of | mpact

Participant Responses Toward the | ntervention

Eight studies reported on participant feedback and responses
toward theinterventionsincluding 4 digital [35,38-40], 3 hybrid
[25,26,44], and 1 in-person DPI [29]. Overall, women expressed
satisfaction with the interventions [25,29,38,39,44], reporting
increased confidence in setting health goals [39,40] and more
engagement with health management [35].

Some studies did not receive a positive response. Only athird
of women reported being motivated by the website content in
1 digital intervention [40] and even fewer (22% and 31%) had
a positive reaction to the text messaging component. \Women
also criticized thelack of information on optimal carbohydrates
to consume when transitioning between pregnancy to postpartum
diets and reported the need for more low-fat recipes [25,40].
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Mediators

Mediators were described in the interventions in 2 in-person
DPI studies[29,34], 4 digital DPIs[35,37,39,40], and 1 hybrid
DPI [43], athough not explicitly. O'Dea et a [29] found that
women valued individual face-to-face sessionswith health care
professionals when setting health goals which improved their
stress levels, diet self-efficacy, and quality of life. Social
relationships al so devel oped between the women dueto regular
attendance at the samelifestyle counseling groups [34]. Digital
DPIs were also reported to increase women's engagement in
their own health [35], enhance self-efficacy and confidence
[37,40], and provide reassurance in developing and attaining
health goals [39]. Further, 1 hybrid study [43] qualitatively
linked the inclusion of partners in their intervention as a key
mediator for women making them more likely to participatein
and engage with the intervention.

Unexpected Pathways or Consequences

Only 2 studies [39,41] reported unexpected consequences in
relation to their interventions. Carolan-Olah and Sayakhot [41]
observed there was an unusually high percentage of women in
the intervention group who had attended their postpartum oral
glucose tolerance test (OGTT) appointment. Although not
directly linked to the study, the intervention highlighted the
importance of postpartum testing, which may have increased
women'’s motivation to attend future follow-up appointments.
Another digital study [39] experienced unexpected challenges
with data retrieval from women and general practitioners,
resulting in missing baseline blood tests and self-reported data
at follow-up. However, this missing data did not appear to
negatively influence the findings as women in the intervention
group were found to significantly reduce their fat intake.

Contextual Factors

Barriers

Fifteen studies referred to barriers that women faced when
participating in interventions|[3,24-26,29,31,33-35,37-40,43,44].
Such barriers included lack of time due to family and work
commitments, subsequent pregnancy, and changesto daily life
due to the demands of motherhood [24,29,31,33,40,44]
technology issues, and lack of internet access [24,38,43].
Similarly, unavailability due to childcare responsibilities and
forgetting to attend study visits prevented mothers from
engaging in in-person lifestyle counseling sessions in the
nondigital interventions [3,24,29]. Another in-person DPI
acknowledged how culture plays a role in hindering women
from participating in and compl eting an intervention when they
are placed under pressureto commit to family and social norms
[34].

Facilitators

The 8 DPI studiesincluding 4 in-person DPIs[28,29,31,34], 2
hybrid DPIs [43,44], and 2 digita DPIs [37,40] described
facilitators as contextual factorswhich may haveinfluenced the
outcomes of their interventions. The most common facilitator
identified in 1 hybrid and 1 in-person DPI was receiving support
from apartner during theintervention [29,43] and having higher
levels of income and personal education background [43].
Having accessto healthy food, food vouchers, ababysitter, and

https://www.i-jmr.org/2025/1/€51718

Sdlid et &

an exercise buddy were al so reported asfacilitatorsto assist and
support the uptake and maintenance of postpartum healthy
behaviors [31,40]. The competency and skills of health care
professional s delivering the interventions were acknowledged
as facilitators to ensure the uptake of the intervention [28].
Having an accessible, central location for assessments and
employers who alowed time for visits aso facilitated
participation [34,44].

Discussion

Overview

Weidentified and reviewed 24 RCTS of DPIsthat evaluated at
least 1 PE component for women with previous or current GDM.
Only 10 studies explicitly reported individual processes, and
only 5 explicitly referred to a PE framework or PE quantitative
or qualitative measuresto assess processes. Overall, few studies
reported and evaluated processesin relation to study outcomes,
and although most DPIs linked PE components and DPI
outcomes in some capacity, it was challenging to attribute any
1 process component to the effectiveness and success of the
intervention.

Summary of Key Findings

The most complete of the PE components reported across all
24 studies was the combined component of content delivered
and method of content delivery. Clear narratives were provided
on how theinterventionswere delivered and their content. Most
of the interventions also referred to broad behavior change
techniques such as goal setting and M1, which are known to be
effective in promoting lifestyle behavior change [56,57].
However, few studies linked these theories with mechanisms
of action by providing a detailed psychological or behavior
change theoretical framework on which their intervention was
underpinned. Such frameworks are important to make sense of
“how,” “why,” and “under what circumstances’ intervention
components work together to achieve the desired outcomes.
Moving forward, we recommend that all RCTs of DPIs publish
an overview of the theories they have used to design and
evaluate the intervention for greater transparency.

Although most DPIsreported information on the dose delivered,
PE measures on the dose received were less complete. Generally,
increased frequency and longer sessions resulted in more
engagement with the intervention and better outcomes
[26-28,30,31,36]. Morefrequent sessions may also be preferred
by the participants: for astudy on the use of MI and hemoglobin
A outcomes, women said that they would like more sessions
to improve their engagement with the intervention [58]. The
timing of the intervention is also a consideration. Most of the
DPIsthat we reviewed delivered interventions during either the
antenatal or postpartum periods. However, systematic review
evidence suggests that optimal pregnancy outcomes can be
achieved by delivering the intervention during both periods
since engagement with a healthy lifestyle poses tends to be
poorer during the postpartum stage [5,51]. Moreover, there was
little information in the studies reviewed on how the dose
received impacted the success of the intervention. The
challengesin assessing adherence to the dose received are well
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recognized as people may have received a dose but choose not
to take it [59]. Thisis also supported in the literature where a
nurse-led psychological intervention for a T2D cluster RCT
study identified a lower dose received than intended, but that
this was not associated with the dose delivered [60]. Further
research to explore how timing, frequency, and duration of the
intervention affect outcomes among women with current or
previous GDM isindicated.

Although al 24 studies included in this review sought to
describe the reach of the intervention, few gave a detailed
evaluation of this measure. Poor reach was attributed to generic
reasons, most commonly low participation rates, loss to
follow-up, and small samplesizes[26,27,29,36,39]. Theincrease
in OGTT appointment attendance found in 1 study [41] is
contrary to prior research linking loss to follow-up and
withdrawal numbersto participants’ reluctanceto attend OGTT
appointments [49,54], which highlights the influence that
different contexts have on outcomes in this population.
Moreover, the studies that made adaptationsto tailor their DPIs
to personal or cultural needs [24,25,28,34,35,41,45] are likely
to have increased reach by making the interventions more
relevant. A clear definition of the target population and
consideration of how the DPI can be adapted to make it as
inclusive as possible seems important for its success.

Most of the studies reported on barriers to intervention
engagement. Similar to previous systematic reviews [10,61],
the barriers primarily related to lack of time, childcare
commitments, and challenges to maintaining healthy lifestyles
[24,29]. Focus groups with women suggest that these inherent
barriers can be mitigated by combining direct contact with health
care professional swith web-based interventions[48]. Moreover,
it isworth noting that, despite the many barriersto participation
identified, women were still in favor of the DPIs, and many
resulted in positive outcomes. Thisalignswith previousresearch
in T2D [62] and supportsaneed and willingness among women
with previous or current GDM to engage with DPIs.

A particular concern identified by this review was the lack of
reporting or evaluation of fidelity. Only 5 studies reported on
this process component. Ensuring fidelity isakey aspect of any
DPI because it safeguards against nonadherence to the study
protocols and inadequate implementation delivery [47,63].
Ideally, fidelity should be measured prior to conducting
full-scaleimplementation to distinguish between outcomes that
are related to ineffectiveness from those related to protocol

Acknowledgments

Sdlid et &

deviation [64,65]. In our review, methods to assess fidelity
included audiotaping and patient registers of attendance [27,36].
Such methods have been tried and tested in the T2D setting
[47,63] and are likely to be more robust than relying on the
expertise of health care professionalsasafidelity measure [66].
To minimize research waste, fidelity assessments should be
commenced at the design stage of a trial and incorporate
standardized measures where possible.

Finally, we welcomethe use of both quantitative and qualitative
methods to evaluate the PE components in our studies because
this enables a more in-depth understanding of the relationship
between individua components and outcomes [52,67]. We
reemphasi ze the importance of mixed methodswhen conducting
thorough PE.

Strengthsand Limitations

To thebest of our knowledge, thisisthefirst and only systematic
review of PEs of T2DM prevention interventions for women
with GDM. We used robust methodology, an established
framework of PE for complex interventions[15], and restricted
the review to RCTSs, which are known to be the best design for
evaluating complex health careinterventions[15]. The glossary
list of standardized DPI content and PE terms devel oped during
the review process can be used to guide future RCTs in this
area. However, while the MRC framework [18] is a valuable
source for conducting systematic reviews on PEs, it has been
criticized for lacking practical advice on how to conduct them
[68]. The lack of information on PE frameworks in our review
also made it difficult to categorize individual PE components
against the framework. Moreover, there is alack of consensus
on how PE components should be defined and interpreted by
researchers, which is only partially addressed in the MRC
guidelines[15], which facilitate understanding of PE constructs
but provide little clarity on what should be measured and how.

Conclusions

This systematic review has highlighted that there are important
gaps in the reporting of PE metrics for RCTs of T2DM in
women with GDM. We recommend rigorous, systematic, and
in-depth PE guidance to facilitate reporting of these studies.
Future research should focus on reaching consensus on the
reporting of PE measures using established frameworks and
evaluating PE in real-world health care settings to optimize the
interpretation of study outcomes.

This work is supported by MY PAIR Grant UK-Malaysia: Joint Partnership Call on Non-Communicable Diseases (Malaysia:
JPT.S(BPKI)2000/011/06/05 (27); United Kingdom: MR/T018240/1). This paper represents independent research part funded
by the National Institute for Health Research (NIHR) Biomedical Research Centre at South London and Maudsley NHS Foundation
Trust and King's College London and Applied Research Collaboration South London (NIHR ARC South London) at King's
College Hospital NHS Foundation Trust. The views expressed are those of the author(s) and not necessarily those of the NHS,

the NIHR, or the Department of Health and Social Care.

The authors confirm that generative artificial intelligence was not used to conduct or report any portion of this systematic review.

Data Availability

All data generated or analyzed during this study are included in this published article (and its supplementary information files).

https://www.i-jmr.org/2025/1/€51718

Interact JMed Res 2025 | vol. 14 | €51718 | p. 8
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Said et d

Authors Contributions

IIMS devel oped the methodol ogy, conducted the investigation and formal analysis, and cowrote and reviewed the original draft.
MB conducted the investigation, cowrote the original draft, reviewed and edited subsequent drafts, supervised junior researchers,
and contributed to project administration. IPN codeveloped the original concept, methodology, and investigation; curated data
and cowrote the original draft; edited subsequent drafts; supervised junior researchers; and acquired funding. AB cowrote the
original draft and reviewed subsequent drafts. M P developed the original methodology, contributed to the investigation, cowrote
drafts, and supervised junior researchers. BNMY contributed to the writing of drafts and reviewing subsequent versions. SB
contributed to writing, reviewed, and edited subsequent versions. CSM codeveloped the original concept, contributed to the
writing and reviewing of subsequent versions, and supervised junior researchers. AF codevel oped the original concept, devel oped
the methodol ogy, cowrote and reviewed subsequent versions of the original draft, and supervised junior researchers. K| codeveloped
the original concept; devel oped the methodology; conducted the formal analysis; contributed to the investigation, data curation,
and inputting of datainto the software; supervised junior researchers; contributed to project administration; and acquired funding.
BHC codevel oped the original concept, devel oped the methodol ogy, cowrotethe original draft and reviewed subsequent versions,
supervised junior researchers, and acquired funding. All authors reviewed the final manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Detailed list of search terms and strings.
[DOCX File, 16 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Key definitions of types and formats of DPI content delivered, behavior change techniques, and psychological theoretical
frameworks embedded within DPIs. DPI: diabetes prevention intervention.
[DOCX File, 17 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Quality assessment of review articles.
[DOCX File, 26 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Study characteristics of interventions for the prevention of type 2 diabetes in women with gestational diabetes mellitus.
[DOCX File, 47 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Process eval uation implementation componentsfor T2DM prevention lifestyle intervention studies on women with GDM. GDM:
gestational diabetes mellitus, T2DM: type 2 diabetes mellitus.
[DOCX File, 31 KB-Multimedia Appendix 5]

Multimedia Appendix 6
[DOCX File, 21 KB-Multimedia Appendix 6]

Multimedia Appendix 7

PRISMA Checklist for systematic review.
[PDE File (Adobe PDF File), 58 KB-Multimedia Appendix 7]

References

1. ChoNH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, et a. IDF Diabetes Atlas: Global
estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract. Apr 2018;138:271-281. [doi:
10.1016/j.diabres.2018.02.023] [Medline: 29496507]

2. Kyté M, Koivusalo S, Tuomonen H, Strémberg L, RuonalaA, Marttinen P, et al. Supporting the management of gestational
diabetes mellitus with comprehensive self-tracking: mixed methods study of wearable sensors. JIMIR Diabetes. Oct 31,
2023;8:e43979. [FREE Full text] [doi: 10.2196/43979] [Medline: 37906216]

https://www.i-jmr.org/2025/1/e51718 Interact JMed Res 2025 | vol. 14 | €51718 | p. 9
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app1.docx&filename=f19bbc81351ab3735e69ee71316555a9.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app1.docx&filename=f19bbc81351ab3735e69ee71316555a9.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app2.docx&filename=70cb3088b47051acf75a1d5ddbeb3000.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app2.docx&filename=70cb3088b47051acf75a1d5ddbeb3000.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app3.docx&filename=806049bde6a11c94b5a831ee01409cde.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app3.docx&filename=806049bde6a11c94b5a831ee01409cde.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app4.docx&filename=dbb356387e9442e525f7fd7071eeee05.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app4.docx&filename=dbb356387e9442e525f7fd7071eeee05.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app5.docx&filename=a5fc329ed872d3bcb3ae275b0b5f23bf.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app5.docx&filename=a5fc329ed872d3bcb3ae275b0b5f23bf.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app6.docx&filename=66f5bf27d994efbbfe0e5e1d333b2c0e.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app6.docx&filename=66f5bf27d994efbbfe0e5e1d333b2c0e.docx
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app7.pdf&filename=09a45eb645da4ee334942997c7dd8431.pdf
https://jmir.org/api/download?alt_name=ijmr_v14i1e51718_app7.pdf&filename=09a45eb645da4ee334942997c7dd8431.pdf
http://dx.doi.org/10.1016/j.diabres.2018.02.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29496507&dopt=Abstract
https://diabetes.jmir.org/2023//e43979/
http://dx.doi.org/10.2196/43979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37906216&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Said et d

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Vézina-lm L-A, Perron J, Lemieux S, Robitaille J. Promoting fruit and vegetable intake in childbearing age women at risk
for gestational diabetes mellitus: A randomised controlled trial. JHealth Psychol. Apr 2019;24(5):600-612. [doi:
10.1177/1359105316680021] [Medline: 27872389

Baptiste-Roberts K, Barone BB, Gary TL, Golden SH, Wilson LM, Bass EB, et a. Risk factors for type 2 diabetes among
women with gestational diabetes: a systematic review. Am JMed. Mar 2009;122(3):207-214.e4. [EREE Full text] [doi:
10.1016/j.amjmed.2008.09.034] [Medline: 19272478]

Li Z, Cheng Y, Wang D, Chen H, Chen H, Ming WK, et a. Incidence rate of type 2 diabetes mellitus after gestational
diabetes mellitus: a systematic review and meta-analysis of 170,139 women. J Diabetes Res. 2020;2020:3076463. [FREE
Full text] [doi: 10.1155/2020/3076463] [Medline: 32405502]

Rayanagoudar G, Hashi AA, Zamora J, Khan KS, Hitman GA, Thangaratinam S. Quantification of the type 2 diabetes risk
in women with gestational diabetes: a systematic review and meta-analysis of 95,750 women. Diabetologia.
2016;59(7):1403-1411. [FREE Full text] [doi: 10.1007/s00125-016-3927-2] [Medline: 27073002]

Bellou 'V, BelbasisL, Tzoulaki |, Evangelou E. Risk factors for type 2 diabetes mellitus: an exposure-wide umbrellareview
of meta-analyses. PL0oS One. 2018;13(3):€0194127. [EREE Full text] [doi: 10.1371/journal.pone.0194127] [Medline:
29558518]

Brown J, Alwan NA, West J, Brown S, McKinlay CJ, Farrar D, et al. Lifestyle interventions for the treatment of women
with gestational diabetes. Cochrane Database Syst Rev. 2017;5(5):CD011970. [FREE Full text] [doi:
10.1002/14651858.CD011970.pub?] [Medline: 28472859]

Gilinsky AS, Kirk AF, Hughes AR, Lindsay RS. Lifestyle interventions for type 2 diabetes prevention in women with prior
gestational diabetes: a systematic review and meta-analysis of behavioural, anthropometric and metabolic outcomes. Prev
Med Rep. 2015;2:448-461. [FREE Full text] [doi: 10.1016/j.pmedr.2015.05.009] [Medline: 26844102]

Guo J, Chen JL, Whittemore R, Whitaker E. Postpartum lifestyle interventions to prevent type 2 diabetes among women
with history of gestational diabetes: a systematic review of randomized clinical trials. JWomens Health. 2016;25(1):38-49.
[doi: 10.1089/jwh.2015.5262] [Medline: 26700931]

Bartholomew LK, Parcel GS, Kok G. Intervention mapping: a process for developing theory- and evidence-based health
education programs. Health Educ Behav. 1998;25(5):545-563. [doi: 10.1177/109019819802500502] [Medline: 9768376]
Fernandez ME, Ruiter RAC, Markham CM, Kok G. Intervention mapping: theory- and evidence-based health promotion
program planning: perspective and examples. Front Public Health. 2019;7:209. [FREE Full text] [doi:
10.3389/fpubh.2019.00209] [Medline: 31475126]

Baranowski T, Stables G. Process evaluations of the 5-a-day projects. Health Educ Behav. 2000;27(2):157-166. [doi:
10.1177/109019810002700202] [Medline: 10768797]

Grant A, Treweek S, Dreischulte T, Foy R, Guthrie B. Process evaluations for cluster-randomised trials of complex
interventions: a proposed framework for design and reporting. Trials. 2013;14:15. [FREE Full text] [doi:
10.1186/1745-6215-14-15] [Medline: 23311722]

Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et a. Process evaluation of complex interventions:
medical research council guidance. BMJ. 2015;350:h1258. [FREE Full text] [doi: 10.1136/bmj.h1258] [Medline: 25791983]
Saunders RP, Evans MH, Joshi P. Developing a process-evaluation plan for assessing health promotion program
implementation: a how-to guide. Health Promot Pract. 2005;6(2):134-147. [doi: 10.1177/1524839904273387] [Medline:
15855283]

Steckler AE, Linnan LE. Process Evaluation for Public Health Interventions and Research. San Francisco, CA. Jossey-Bass;
2002.

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth |, Petticrew M, et al. Devel oping and eval uating complex interventions:
the new medical research council guidance. BMJ. 2008;337:a1655. [FREE Full text] [doi: 10.1136/bmj.a1655] [Medline:
18824488]

Whittemore R, Grey M. The systematic devel opment of nursing interventions. J Nurs Scholarsh. 2002;34(2):115-120. [doi:
10.1111/j.1547-5069.2002.00115.x] [Medline: 12078534]

Carroll C, Patterson M, Wood S, Booth A, Rick J, Balain S. A conceptual framework for implementation fidelity. Implement
Sci. 2007;2:40. [FREE Full text] [doi: 10.1186/1748-5908-2-40] [Medline: 18053122]

Montgomery P, Underhill K, Gardner F, Operario D, Mayo-Wilson E. The Oxford Implementation Index: a new tool for
incorporating implementation data into systematic reviews and meta-analyses. J Clin Epidemiol. 2013;66(8):874-882.
[FREE Full text] [doi: 10.1016/j.jclinepi.2013.03.006] [Medline: 23810026]

Durlak JA, DuPre EP. Implementation matters: areview of research on theinfluence of implementation on program outcomes
and the factors affecting implementation. Am J Community Psychol. 2008;41:327-350. [doi: 10.1007/s10464-008-9165-0]
[Medline: 18322790]

Mohd Sa'id |1, Papachristou Nadal |, Forbes A, Goldsmith K, Ismail 1Z, Hassan F, et al. A protocol of process evaluations
of interventions for the prevention of type 2 diabetesin women with gestational diabetes mellitus: a systematic review. Int
J Qual Methods. 2021;20:160940692110340. [doi: 10.1177/16094069211034010]

https://www.i-jmr.org/2025/1/e51718 Interact JMed Res 2025 | vol. 14 | €51718 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1177/1359105316680021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27872389&dopt=Abstract
https://europepmc.org/abstract/MED/19272478
http://dx.doi.org/10.1016/j.amjmed.2008.09.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19272478&dopt=Abstract
https://doi.org/10.1155/2020/3076463
https://doi.org/10.1155/2020/3076463
http://dx.doi.org/10.1155/2020/3076463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32405502&dopt=Abstract
https://europepmc.org/abstract/MED/27073002
http://dx.doi.org/10.1007/s00125-016-3927-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27073002&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0194127
http://dx.doi.org/10.1371/journal.pone.0194127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29558518&dopt=Abstract
https://europepmc.org/abstract/MED/28472859
http://dx.doi.org/10.1002/14651858.CD011970.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28472859&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(15)00069-8
http://dx.doi.org/10.1016/j.pmedr.2015.05.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26844102&dopt=Abstract
http://dx.doi.org/10.1089/jwh.2015.5262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26700931&dopt=Abstract
http://dx.doi.org/10.1177/109019819802500502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9768376&dopt=Abstract
https://europepmc.org/abstract/MED/31475126
http://dx.doi.org/10.3389/fpubh.2019.00209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31475126&dopt=Abstract
http://dx.doi.org/10.1177/109019810002700202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10768797&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-14-15
http://dx.doi.org/10.1186/1745-6215-14-15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23311722&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=25791983
http://dx.doi.org/10.1136/bmj.h1258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25791983&dopt=Abstract
http://dx.doi.org/10.1177/1524839904273387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15855283&dopt=Abstract
https://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
http://dx.doi.org/10.1111/j.1547-5069.2002.00115.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12078534&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-2-40
http://dx.doi.org/10.1186/1748-5908-2-40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18053122&dopt=Abstract
https://europepmc.org/abstract/MED/23810026
http://dx.doi.org/10.1016/j.jclinepi.2013.03.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23810026&dopt=Abstract
http://dx.doi.org/10.1007/s10464-008-9165-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18322790&dopt=Abstract
http://dx.doi.org/10.1177/16094069211034010
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Said et d

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Holmes VA, Draffin CR, Patterson CC, FrancisL, Irwin J, McConnell M, et al. Postnatal lifestyle intervention for overweight
women with previous gestational diabetes: arandomized controlled trial. JClin Endocrinol Metab. 2018;103(7):2478-2487.
[doi: 10.1210/jc.2017-02654] [Medline: 29762737]

Ferrara A, Hedderson MM, Albright CL, Ehrlich SF, Quesenberry CP, Peng T, et a. A pregnancy and postpartum lifestyle
intervention in women with gestational diabetes mellitus reduces diabetes risk factors: afeasibility randomized control
trial. Diabetes Care. 2011;34(7):1519-1525. [FREE Full text] [doi: 10.2337/dc10-2221] [Medline: 21540430]

Lipscombe LL, Delos-Reyes F, Glenn AJ, de Sequeira S, Liang X, Grant S, et a. The avoiding diabetes after pregnancy
trial in moms program: feasibility of a diabetes prevention program for women with recent gestational diabetes mellitus.
Can J Diabetes. 2019;43(8):613-620. [doi: 10.1016/].j¢jd.2019.08.019] [Medline: 31669188]

ORellly SL, Dunbar JA, Versace V, Janus E, Best D, Carter R, et al. Mothers After Gestational Diabetesin Australia
(MAGDA): arandomised controlled trial of a postnatal diabetes prevention program. PLoS Med. 2016;13(7):€1002092.
[FREE Full text] [doi: 10.1371/journal.pmed.1002092] [Medline: 27459502]

Koivusalo SB, Rono K, Klemetti MK, Roine RP, Lindstrom J, ErkkolaM, et a. Gestational diabetes mellitus can be
prevented by lifestyle intervention: the Finnish Gestational Diabetes Prevention Study (RADIEL): arandomised controlled
trial. Diabetes Care. 2016;39(1):24-30. [doi: 10.2337/dc15-0511] [Medline: 26223239]

ODeaA, Tierney M, McGuire BE, Newell J, Glynn LG, Gibson I, et al. Can the onset of type 2 diabetes be delayed by a
group-based lifestyle intervention in women with prediabetes following gestational diabetes mellitus (GDM)? Findings
from arandomized control mixed methods trial. J Diabetes Res. 2015;2015:798460. [FREE Full text] [doi:
10.1155/2015/798460] [Medline: 26347894]

Pérez-FerreN, Del ValleL, Torrejon MJ, Barcal, Cavo M|, MatiaP, et al. Diabetes mellitus and abnormal glucosetolerance
development after gestational diabetes: athree-year, prospective, randomized, clinical-based, mediterranean lifestyle
interventional study with parallel groups. Clin Nutr. 2015;34(4):579-585. [doi: 10.1016/j.clnu.2014.09.005] [Medline:
25262459]

Shek NWM, Ngai CSW, Lee CP, Chan JY C, Lao TTH. Lifestyle modifications in the devel opment of diabetes mellitus
and metabolic syndrome in Chinese women who had gestational diabetes mellitus: arandomized interventional trial. Arch
Gynecol Obstet. 2014;289(2):319-327. [doi: 10.1007/s00404-013-2971-0] [Medline: 23897066]

Shyam S, Arshad F, Abdul Ghani R, Wahab NA, Safii NS, Nisak MY B, et al. Low glycaemic index diets improve glucose
tolerance and body weight in women with previous history of gestational diabetes: a six months randomized trial. Nutr J.
2013;12(1):1-12. [FREE Full text] [doi: 10.1186/1475-2891-12-68] [Medline: 23705645]

Tawfik MY. The impact of health education intervention for prevention and early detection of type 2 diabetesin women
with gestational diabetes. JCommunity Health. 2017;42(3):500-510. [doi: 10.1007/s10900-016-0282-7] [Medline: 27743337]
Zilberman-Kravits D, Meyerstein N, Abu-Rabia Y, Wiznitzer A, Harman-Boehm |. The impact of a cultural lifestyle
intervention on metabolic parameters after gestational diabetes mellitusarandomized controlled trial. Matern Child Health
J. 2018;22(6):803-811. [doi: 10.1007/s10995-018-2450-0] [Medline: 29411251]

Borgen |, Smastuen MC, Jacobsen AF, Garnweidner-Holme LM, Fayyad S, Noll J, et al. Effect of the Pregnant+ smartphone
application in women with gestational diabetes mellitus: a randomised controlled trial in norway. BMJ Open.
2019;9(11):e030884. [FREE Full text] [doi: 10.1136/bmjopen-2019-030884] [Medline: 31719080]

Ferrara A, Hedderson MM, Brown SD, Albright CL, Ehrlich SF, Tsai AL, et a. The comparative effectiveness of diabetes
prevention strategies to reduce postpartum weight retention in women with gestational diabetes mellitus: the Gestational
Diabetes Effects on Moms (GEM) cluster randomized controlled trial. Diabetes Care. 2016;39(1):65-74. [EREE Full text]
[doi: 10.2337/dc15-1254] [Medline: 26657945]

Homko CJ, Santamore WP, Whiteman V, Bower M, Berger P, Geifman-Holtzman O, et a. Use of an internet-based
telemedicine system to manage underserved women with gestational diabetes mellitus. Diabetes Technol Ther.
2007;9(3):297-306. [doi: 10.1089/dia.2006.0034] [Medline: 17561800]

Kim C, DraskaM, Hess ML, Wilson EJ, Richardson CR. A web-based pedometer programme in women with a recent
history of gestational diabetes. Diabet Med. 2012;29(2):278-283. [FREE Full text] [doi: 10.1111/j.1464-5491.2011.03415.x]
[Medline: 21838764]

Reinhardt JA, van der Ploeg HP, Grzegrzulka R, Timperley JG. Implementing lifestyle change through phone-based
motivational interviewing in rural-based women with previous gestational diabetes mellitus. Health Promot J Austr.
2012;23(1):5-9. [doi: 10.1071/he12005] [Medline: 22730940]

Rollo ME, Baldwin JN, Hutchesson M, Aguiar EJ, Wynne K, Young A, et a. The feasibility and preliminary efficacy of
an eHealth lifestyle program in women with recent gestational diabetes mellitus: a pilot study. Int J Environ Res Public
Health. 2020;17(19):7115. [doi: 10.3390/ijerph17197115] [Medline: 32998401]

Carolan-Olah M, Sayakhot P. A randomized controlled trial of aweb-based education intervention for women with gestational
diabetes mellitus. Midwifery. 2019;68:39-47. [doi: 10.1016/j.midw.2018.08.019] [Medline: 30343264]

Hu G, Tian H, Zhang F, Liu H, Zhang C, Zhang S, et al. Tianjin Gestational Diabetes Mellitus Prevention Program: study
design, methods, and 1-year interim report on the feasibility of lifestyle intervention program. Diabetes Res Clin Pract.
2012;98(3):508-517. [doi: 10.1016/j.diabres.2012.09.015] [Medline: 23010556]

https://www.i-jmr.org/2025/1/e51718 Interact JMed Res 2025 | vol. 14| €51718 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1210/jc.2017-02654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29762737&dopt=Abstract
https://europepmc.org/abstract/MED/21540430
http://dx.doi.org/10.2337/dc10-2221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21540430&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjd.2019.08.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31669188&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1002092
http://dx.doi.org/10.1371/journal.pmed.1002092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27459502&dopt=Abstract
http://dx.doi.org/10.2337/dc15-0511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26223239&dopt=Abstract
https://doi.org/10.1155/2015/798460
http://dx.doi.org/10.1155/2015/798460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26347894&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2014.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25262459&dopt=Abstract
http://dx.doi.org/10.1007/s00404-013-2971-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23897066&dopt=Abstract
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-12-68
http://dx.doi.org/10.1186/1475-2891-12-68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23705645&dopt=Abstract
http://dx.doi.org/10.1007/s10900-016-0282-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27743337&dopt=Abstract
http://dx.doi.org/10.1007/s10995-018-2450-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29411251&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31719080
http://dx.doi.org/10.1136/bmjopen-2019-030884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31719080&dopt=Abstract
https://europepmc.org/abstract/MED/26657945
http://dx.doi.org/10.2337/dc15-1254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26657945&dopt=Abstract
http://dx.doi.org/10.1089/dia.2006.0034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17561800&dopt=Abstract
https://europepmc.org/abstract/MED/21838764
http://dx.doi.org/10.1111/j.1464-5491.2011.03415.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21838764&dopt=Abstract
http://dx.doi.org/10.1071/he12005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22730940&dopt=Abstract
http://dx.doi.org/10.3390/ijerph17197115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32998401&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2018.08.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30343264&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2012.09.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23010556&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Said et d

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

McManus R, Miller D, Mottola M, Giroux I, Donovan L. Translating healthy living messages to postpartum women and
their partners after gestational diabetes (GDM): body habitus, A1C, lifestyle habits, and program engagement results from
the families defeating diabetes (FDD) randomized trial. Am J Health Promot. 2018;32(6):1438-1446. [doi:
10.1177/0890117117738210] [Medline: 29108443]

Peacock AS, Bogossian FE, Wilkinson SA, GibbonsK S, Kim C, Mclntyre HD. A randomised controlled trial to delay or
prevent type 2 diabetes after gestational diabetes: walking for exercise and nutrition to prevent diabetes for you. Int J
Endocrinol. 2015;2015:423717. [FREE Full text] [doi: 10.1155/2015/423717] [Medline: 26089886]

Nicklas M, Zera CA, England LJ, Rosner BA, Horton E, Levkoff SE, et al. A web-based lifestyle intervention for women
with recent gestational diabetes mellitus: arandomized controlled trial. Obstet Gynecol. 2014;124(3):563-570. [ FREE Full
text] [doi: 10.1097/A0G.0000000000000420] [Medline: 25162257]

LiuH,Wang L, Zhang S, Leng J, Li N, Li W, et al. One-year weight losses in the Tianjin Gestational Diabetes Méllitus
Prevention Programme: arandomized clinical trial. Diabetes Obes Metab. 2018;20(5):1246-1255. [FREE Full text] [doi:
10.1111/dom.13225] [Medline: 29360237]

West DS, DilLillo V, Bursac Z, Gore SA, Greene PG. Motivational interviewing improves weight loss in women with type
2 diabetes. Diabetes Care. 2007;30(5):1081-1087. [doi: 10.2337/dc06-1966] [Medline: 17337504]

Nicklas M, ZeraCA, Seely EW, Abdul-Rahim ZS, Rudloff ND, L evkoff SE. Identifying postpartum intervention approaches
to prevent type 2 diabetesin women with a history of gestational diabetes. BMC Pregnancy Childbirth. 2011;11:23. [FREE
Full text] [doi: 10.1186/1471-2393-11-23] [Medline: 21435246]

Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of type 2 diabetes: a systematic review. Diabetes
Care. 2002;25(10):1862-1868. [doi: 10.2337/diacare.25.10.1862] [Medline: 12351492]

Bandura A. Social cognitive theory of self-regulation. Organ Behav Hum Decis Process. 1991;50(2):248-287. [doi:
10.1016/0749-5978(91)90022-L ]

Huang S, Magny-Normilus C, McMahon E, Whittemore R. Systematic review of lifestyle interventions for gestational
diabetes mellitusin pregnancy and the postpartum period. J Obstet Gynecol Neonatal Nurs. 2022;51(2):115-125. [FREE
Full text] [doi: 10.1016/j.jogn.2021.10.007] [Medline: 34843670]

O'Cathain A, Murphy E, Nicholl J. Why, and how, mixed methods research is undertaken in health services research in
England: a mixed methods study. BMC Health Serv Res. 2007;7:85. [FREE Full text] [doi: 10.1186/1472-6963-7-85]
[Medline: 17570838]

Gollwitzer PM, Oettingen G. Implementation intentions. In: Encyclopedia of Behavioural Medicine. Cham, Switzerland.
Springer International Publishing; 2020:1159-1164.

Buckley BS, Harreiter J, Damm B, Corcoy R, Chico A, SimmonsD, et al. Gestational diabetes mellitusin Europe: prevalence,
current screening practice and barriersto screening. A review. Diabet Med. 2012;29(7):844-854. [doi:
10.1111/j.1464-5491.2011.03541.x] [Medline: 22150506]

Schunk DH, Usher EL. Socia cognitive theory and motivation. In: Ryan RM, editor. The Oxford Handbook of Human
Motivation. New York, NY. Oxford University Press; 2012:13-27.

Michie S. Designing and implementing behaviour change interventions to improve population health. JHealth Serv Res
Policy. 2008;13:64-69. [doi: 10.1258/jhsrp.2008.008014] [Medline: 18806194]

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med. 2013;46(1):81-95. [FREE Full text] [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]
Waker CL. Effects of motivational interviewing on diabetes self-management behaviors and glycemic control in type 2
diabetes: atrandational study [dissertation]. OH. University of Cincinnati; 2012. URL: http://rave.ohiolink.edu/etdc/
view?acc_num=ucin1342728810 [accessed 2024-08-26]

GravesH, Ismail K, Winkley K. A framework for process evaluations of psychological interventions [Dissertation]. King's
College London. 2020. URL : https://kclpure.kcl.ac.uk/portal/en/studentTheses/a-framework-for-process-eval uations-of -
psychological-intervention [accessed 2024-08-26]

Ismail K, Winkley K, de Zoysa N, Patel A, Heslin M, Graves H, et al. Nurse-led psychological intervention for type 2
diabetes: acluster randomised controlled trial (Diabetes-6 study) in primary care. Br J Gen Pract. 2018;68(673):€531-e540.
[FREE Full text] [doi: 10.3399/bjgp18X696185] [Medline: 30012812]

Chasan-Taber L. Lifestyle interventions to reduce risk of diabetes among women with prior gestational diabetes mellitus.
Best Pract Res Clin Obstet Gynaecol. 2015;29(1):110-122. [FREE Full text] [doi: 10.1016/j.bpobgyn.2014.04.019] [Medline:
25220104]

Dennison RA, Ward RJ, Griffin SJ, Usher-Smith JA. Women's views on lifestyle changes to reduce the risk of developing
type 2 diabetes after gestational diabetes: a systematic review, qualitative synthesis and recommendations for practice.
Diabet Med. 2019;36(6):702-717. [FREE Full text] [doi: 10.1111/dme.13926] [Medline: 30723968]

Campbell EM, Redman S, Moffitt PS, Sanson-Fisher RW. Therelative effectiveness of educational and behavioral instruction
programs for patients with NIDDM: arandomized trial. Diabetes Educ. 1996;22(4):379-386. [doi:
10.1177/014572179602200412] [Medline: 8846745]

https://www.i-jmr.org/2025/1/e51718 Interact JMed Res 2025 | vol. 14 | €51718 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1177/0890117117738210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29108443&dopt=Abstract
https://doi.org/10.1155/2015/423717
http://dx.doi.org/10.1155/2015/423717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26089886&dopt=Abstract
https://europepmc.org/abstract/MED/25162257
https://europepmc.org/abstract/MED/25162257
http://dx.doi.org/10.1097/AOG.0000000000000420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25162257&dopt=Abstract
https://europepmc.org/abstract/MED/29360237
http://dx.doi.org/10.1111/dom.13225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29360237&dopt=Abstract
http://dx.doi.org/10.2337/dc06-1966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17337504&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-11-23
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/1471-2393-11-23
http://dx.doi.org/10.1186/1471-2393-11-23
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21435246&dopt=Abstract
http://dx.doi.org/10.2337/diacare.25.10.1862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12351492&dopt=Abstract
http://dx.doi.org/10.1016/0749-5978(91)90022-L
https://europepmc.org/abstract/MED/34843670
https://europepmc.org/abstract/MED/34843670
http://dx.doi.org/10.1016/j.jogn.2021.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34843670&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-7-85
http://dx.doi.org/10.1186/1472-6963-7-85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17570838&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2011.03541.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22150506&dopt=Abstract
http://dx.doi.org/10.1258/jhsrp.2008.008014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18806194&dopt=Abstract
https://core.ac.uk/reader/191129821?utm_source=linkout
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://rave.ohiolink.edu/etdc/view?acc_num=ucin1342728810
http://rave.ohiolink.edu/etdc/view?acc_num=ucin1342728810
https://kclpure.kcl.ac.uk/portal/en/studentTheses/a-framework-for-process-evaluations-of-psychological-intervention
https://kclpure.kcl.ac.uk/portal/en/studentTheses/a-framework-for-process-evaluations-of-psychological-intervention
https://bjgp.org/lookup/pmidlookup?view=long&pmid=30012812
http://dx.doi.org/10.3399/bjgp18X696185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30012812&dopt=Abstract
https://europepmc.org/abstract/MED/25220104
http://dx.doi.org/10.1016/j.bpobgyn.2014.04.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25220104&dopt=Abstract
https://europepmc.org/abstract/MED/30723968
http://dx.doi.org/10.1111/dme.13926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30723968&dopt=Abstract
http://dx.doi.org/10.1177/014572179602200412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8846745&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Said et d

64. Bumbarger B, PerkinsD. After randomised trials: issuesrelated to dissemination of evidence - based interventions. J Child
Serv. 2008;3(2):55-64. [doi: 10.1108/17466660200800012]

65. HaweP, Shiell A, Riley T. Complex interventions: How "out of control" can arandomised controlled trial be? BMJ.
2004;328(7455):1561-1563. [FREE Full text] [doi: 10.1136/bmj.328.7455.1561] [Medline: 15217878]

66. Gabbay RA, Afiel-Tiangco RM, Dellasega C, Mauger DT, Adelman A, van Horn DHA.. Diabetes nurse case management
and motivational interviewing for change (DY NAMIC): results of a 2-year randomized controlled pragmatic trial. J Diabetes.
2013;5(3):349-357. [FREE Full text] [doi: 10.1111/1753-0407.12030] [Medline: 23368423]

67. Curry LA, Nembhard IM, Bradley EH. Qualitative and mixed methods provide unique contributions to outcomes research.
Circulation. 2009;119(10):1442-1452. [doi: 10.1161/CIRCULATIONAHA.107.742775] [Medline: 19289649]

68. EvansR, Scourfield J, Murphy S. Pragmatic, formative process evaluations of complex interventions and why we need
more of them. JEpidemiol Community Health. 2015;69(10):925-926. [doi: 10.1136/jech-2014-204806] [Medline: 25480407]

Abbreviations

DPI: diabetes prevention intervention

GDM: gestational diabetes mellitus

MI: motivational interviewing

MRC: Medica Research Council

OGTT: ora glucose tolerance test

PE: process evaluation

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

T2DM: type 2 diabetes mellitus

Edited by T de Azevedo Cardoso; submitted 24.08.23; peer-reviewed by YL Leung; comments to author 26.01.24; revised version
received 06.03.24; accepted 21.06.24; published 06.02.25

Please cite as.

Sa'id 11M, Hotung N, Benton M, Nadal 1P, Baharom A, Prina M, Nisak Mohd Yusof B, Goldsmith K, Birts S Sew Mooi C, Forbes A,
Ismail K, Chew BH

Process Evaluations of Interventions for the Prevention of Type 2 Diabetes in Women With Gestational Diabetes Méllitus: Systematic
Review

Interact J Med Res 2025;14:€51718

URL: https.//mww.i-jmr.org/2025/1/e51718

doi: 10.2196/51718

PMID:

©Iklil Iman Mohd Salid, Natasha Hotung, Madeleine Benton, lliatha Papachristou Nadal, Anisah Baharom, Matthew Prina,
Barakatun Nisak Mohd Yusof, Kimberley Goldsmith, Samantha Birts, Ching Siew Mooi, Angus Forbes, Khalida Ismail, Boon
How Chew. Originally published in the Interactive Journal of Medical Research (https://www.i-jmr.org/), 06.02.2025. Thisis an
open-access  article  distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Interactive Journal of Medical Research, is properly cited. The complete
bibliographic information, a link to the original publication on https.//www.i-jmr.org/, as well as this copyright and license
information must be included.

https://www.i-jmr.org/2025/1/e51718 Interact JMed Res 2025 | vol. 14| €51718 | p. 13
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1108/17466660200800012
https://europepmc.org/abstract/MED/15217878
http://dx.doi.org/10.1136/bmj.328.7455.1561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15217878&dopt=Abstract
https://europepmc.org/abstract/MED/23368423
http://dx.doi.org/10.1111/1753-0407.12030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23368423&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.742775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19289649&dopt=Abstract
http://dx.doi.org/10.1136/jech-2014-204806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25480407&dopt=Abstract
https://www.i-jmr.org/2025/1/e51718
http://dx.doi.org/10.2196/51718
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

