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ABSTRACT
Introduction  Gestational diabetes mellitus (GDM) is one 
of the most prevalent diseases during pregnancy, which 
is closely associated with many short-term and long-term 
maternal and neonatal complications and can incur heavy 
financial burden on both families and society. Web-based 
interventions have been used to manage GDM because of 
the advantages of high accessibility and flexibility, but their 
effectiveness has remained inconclusive. This systematic 
review and meta-analysis aims to comprehensively 
investigate the multidimensional effectiveness of web-
based interventions for pregnant women with GDM, 
thereby aiding implementation decisions in clinical 
settings.
Methods and analysis  This systematic review protocol 
strictly adheres to the Preferred Reporting Items for Systematic 
Review and Meta-Analysis Protocols guidelines. Six electronic 
databases (PubMed, Web of Science, Cochrane Central 
Register of Controlled Trials, Embase, CINAHL and PsycINFO) 
will be comprehensively searched from their inception to 26 
January 2022 to identify randomised controlled trials and 
controlled clinical trials regarding the efficacy of web-based 
interventions for pregnant women with GDM on glycaemic 
control, behavioural outcomes, cognitive and attitudinal 
outcomes, mental health, maternal and neonatal clinical 
outcomes, and medical service utilisation and costs. Two 
reviewers will independently conduct the study selection, data 
extraction and quality assessment. The methodological quality 
of included studies will be assessed using the Effective Public 
Health Practice Project assessment tool. The overall meta-
analyses for each of the interested outcomes will be performed 
if the outcome data are sufficient and provides similar effect 
measures, as well as subgroup analyses for glycaemic control 
indicators based on the different types of intervention format, 
interactivity and technology. We will conduct a qualitative 
synthesis for studies that cannot be quantitatively synthesised.
Ethics and dissemination  Ethics approval is not required 
for this review as no human participants will be involved. 
The results will be disseminated via a peer-reviewed 
journal or an academic conference.
PROSPERO registration number  CRD42022296625.

INTRODUCTION
Gestational diabetes mellitus (GDM) is 
one of the most common comorbidities in 

pregnant women, which is initially diag-
nosed in the second or third trimester of 
pregnancy and features as hyperglycaemic 
of variable severity without overt pregesta-
tional diabetes.1 According to the Interna-
tional Diabetes Federation, the worldwide 
prevalence of hyperglycaemic in pregnancy 
ranged from 8.6% to 28.0% up to 2021, 
which affected 21.1 million of live births 
(16.7%), with the majority of the cases 
presenting with GDM (80.3%).2 Moreover, 
as well-established risk factors for developing 
GDM, the rising obesity rates prior to preg-
nancy, excess weight gain during pregnancy, 
sedentary lifestyle and older maternal age 
have resulted in the increasing prevalence of 
GDM in recent years,3 which can potentially 
challenge medical resources and exert great 
impact on individuals and society. Actually, 
GDM has become an important public health 
issue both in developed and low-income and 
middle-income countries.4

It has been demonstrated that GDM is 
closely related to obstetrical problems at the 
time of delivery as well as subsequent perinatal 
morbidity.5 6 The potential short-term impacts 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This systematic review protocol follows the 
Preferred Reporting Items for Systematic Review 
and Meta-Analysis Protocols guidelines.

	⇒ Rigorous methods of review will be followed with at 
least two independent reviewers to conduct study 
selection, data extraction and quality assessment.

	⇒ Subgroup analyses will be performed if possible to 
elaborate on the type of intervention format, interac-
tivity and technology correlating with the increased 
effectiveness.

	⇒ Anticipated high heterogeneity across studies may 
increase the difficulty in interpreting a meta-analysis.

	⇒ There may be language bias as this review will only 
include studies published in English.
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for mothers include increased risk of pre-eclampsia, poly-
hydramnios, shoulder dystocia, stillbirth and infectious 
complications.7 Worse still, although GDM will resolve 
within a short period after delivery, it is an independent 
risk factor for many diseases. Specifically, the long-term 
maternal effects of GDM include but are not limited to 
GDM recurrence in the next pregnancy,8 as well as higher 
risks of developing type 2 diabetes (a ninefold increased 
risk)9 and cardiovascular diseases (2.3 times the risk).10

Likewise, a significant association between maternal 
anomalous hyperglycaemic and many fetal and neonatal 
complications has also been clearly established,7 which 
includes fetal intrauterine growth retardation, macro-
somia, neonatal hypoglycaemia, respiratory distress 
syndrome and so on. Furthermore, according to the 
concept of transgenerational programming, offsprings 
who are exposed to hyperglycaemic when in the uterus 
have an increased risk of obesity and metabolic syndrome 
in their childhood and early adulthood.11

Therefore, in view of the considerable short-term and 
long-term complications that GDM may cause, it is of 
great importance to manage GDM effectively via strate-
gies aiming to maintain the maternal glycaemia as close 
to normal as possible. Lifestyle interventions, typically 
including healthy eating and physical exercise, have been 
widely adopted to help optimise blood glucose levels 
during the prenatal period.12 Actually, these interventions 
are the mainstay of therapy for GDM and may suffice for 
most pregnant women with GDM (65%–90%).13 14 When 
non-pharmacological regimens fail to affect, pharmaco-
therapies (oral hypoglycaemic agents and insulin) will 
be added. However, regardless of whether drugs are 
involved, traditional GDM management is achieved by 
intensive clinic attendance for receiving disease educa-
tion, reporting symptoms and glycaemic control levels, 
and adjusting therapeutic regimens,15–17 which will place 
increased demands on clinical services for providing 
diabetes care and aggravate the economic burden on 
individuals.15 18 Meanwhile, multiple barriers and disad-
vantages exist in the traditional mode of GDM manage-
ment, such as unequal hospital resource distribution, 
high costs for transportation, time and energy lacking for 
both patients and health professionals, time-consuming 
waiting before seeing a doctor, and a limited intervention 
time window, which can reduce the efficiency of GDM 
management, decrease patients’ satisfaction and cause 
poor pregnancy outcomes.17–19 Consequently, it is essen-
tial to identify a more practical, scalable, sustainable and 
cost-effective mode of care to manage GDM effectively 
and simultaneously ease the medical service burden on 
the premise of not interfering with the current health-
care system or compromising the quality of care.

The rapid development and wide spread of information 
and communication technology worldwide has precisely 
provided an innovative perspective for disease manage-
ment. In particular, due to the advantages of high accessi-
bility, convenience, flexibility and efficiency,20 web-based 
interventions delivered by smartphones, computers, 

laptops and other internet-connected devices have 
attracted a great deal of attention and have been widely 
used in recent years for health and well-being promo-
tion in patients with cardiovascular diseases,21 metabolic 
syndrome22 and other diseases.23–25 These technologies 
can help to close the loop between patients and health 
professionals, overcome the inequivalent distribution 
of medical resources, and realise the vision of pervasive 
healthcare,26 27 which is therefore regarded as an ideal 
medical and public health practice mode for disease 
management. Notably, pregnant women with GDM 
seemed to be an ideal population to target for using web-
based technologies to improve health outcomes because 
of the high penetration rates and excellent grasp of web-
based devices among the reproductive-aged population, 
who have limited time to attend conventional health 
services.16 28–30 At present, attempts have been made to 
improve health outcomes in pregnant women with GDM 
via web-based interventions; nonetheless, clinical trials 
on this topic have yielded mixed results. Some studies 
found that web-based interventions could significantly 
ameliorate glycaemic control,27 31 increase compliance 
with self-monitoring of blood glucose (SMBG),32 reduce 
the incidence of premature delivery33 and medical service 
costs,15 as well as improve satisfaction with care15 for this 
crowd, while others demonstrated a null effect.32 34 35 
Hence, it is critical to systematically evaluate the effective-
ness of web-based interventions for pregnant women with 
GDM.

To date, two systematic reviews and meta-analyses have 
been conducted to evaluate the effectiveness of web-based 
interventions for pregnant women with GDM.36 37 One 
previous review37 included pregnant women with GDM, 
type 1 diabetes and type 2 diabetes, while the results of 
the GDM subgroup (N=5 studies) showed no significant 
between-group effect on glycated haemoglobin (HbA1c), 
caesarean rate, neonatal birth weight or hypoglycaemia. 
On the contrary, a recent review (N=6 studies)36 focused 
on the effectiveness of disease-specific mobile applica-
tions and reported that fasting blood glucose (FBG), 
2-hour postprandial blood glucose (2hBG) and caesarean 
rate in pregnant women with GDM significantly improved 
after intervention compared with the control group. In 
addition, another five systematic reviews38–42 investigated 
the effects of telemedicine on GDM, which included 
medical interventions both delivered via internet and 
early mobile technologies (eg, phone calls, short message 
service (SMS) and digital video disk (DVD)); but these 
reviews generated conflicting results on glycaemic 
control and maternal and neonatal clinical outcomes. 
In general, the existing systematic reviews of relevant 
topics reported mixed results on glycaemic control and 
clinical outcomes, whereas the other outcomes (such as 
maternal behavioural outcomes and medical service util-
isation and costs) were hardly assessed. Beyond that, in 
the majority of these reviews,38–42 web-based technologies 
were conflated with early labour-intensive technologies 
that have become less popular in the rapidly evolving 
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landscape of technology. More importantly, a growing 
number of primary studies15 32 34 43–47 with conflicting 
results regarding this topic have emerged after the above 
reviews, which may provide new evidence. Therefore, it is 
necessary to conduct a new systematic review that focuses 
on web-based technologies and includes evidence from all 
existing studies to comprehensively evaluate the effective-
ness of web-based interventions in pregnant women with 
GDM, so as to provide scientific and conclusive evidence 
for future clinical practice.

OBJECTIVES
This systematic review and meta-analysis aims to:

	► Investigate the effectiveness of web-based interven-
tions on maternal glycaemic control, behavioural 
outcomes, cognitive and attitudinal outcomes, mental 
health, maternal and neonatal clinical outcomes, as 
well as medical service utilisation and costs in preg-
nant women with GDM by integrating all available 
evidence from randomised controlled trials (RCTs) 
and controlled clinical trials (CCTs).

	► Innovatively gain insight into whether the type of 
interactivity, the type of format and the type of tech-
nology of web-based interventions can influence the 
intervention effects and which type of intervention 
regimen is the most effective, thereby finding out an 
optimal web-based intervention regimen.

METHODS AND ANALYSIS
Registration and study design
This paper presents a systematic review protocol that has 
been registered in PROSPERO, and any future changes 
will be registered as amendments. We will complete 
and report the study protocol following the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
Protocols (PRISMA-P) guidelines48 (see online supple-
mental table S1 for details). The research questions are 
developed based on the PICOS framework (population, 
intervention, comparator/control, outcome and study 
design), which are described in detail as follows.

Eligibility criteria for selecting studies
Types of study
We will include RCTs and CCTs that have been published 
in peer-reviewed English journals, which are good stan-
dards for evidence-based clinical research.49 Single-group 
studies, reviews, case reports, cohort studies, letters to 
editors, conference abstracts and study protocols will be 
excluded.

Types of participant
Pregnant women with GDM but without any severe 
diseases (such as severe symptoms of psychological disor-
ders or fetal abnormalities) will be included, regard-
less of whether she had been diagnosed with GDM in 
previous pregnancies. Studies that included mixed types 
of diabetes mellitus (including GDM, type 1 diabetes and 

type 2 diabetes) but reported the data specific to GDM 
separately will be included as well. Moreover, the present 
review is part of a research project aimed at developing 
a theoretically informed and web-assisted behaviour 
change intervention for pregnant adult women. There-
fore, pregnant women ≥18 years old will be considered 
eligible for this study.

Types of intervention
The intervention should be a digital one delivered by 
any type of web-based modalities, which may include but 
are not restricted to websites and mobile applications. 
However, studies that only used web-based interventions 
for observing the maintenance of outcome changes 
from previously administered health interventions, 
incorporating web-based components with face-to-face 
components and lacked real web-based interventions 
for participants (eg, conducting interventions via video, 
DVD, television, radio, SMS or telephone calls) will be 
excluded.

Types of comparator/control
The following comparators will be regarded as eligible: a 
wait-list control, usual care and no interventions.

Types of outcome
	► Primary outcome: the glycaemic control indicators 

during pregnancy including HbA1c, FBG, 1-hour 
postprandial blood glucose (1hBG) and 2hBG.

	► The following five categories of secondary outcomes 
are interested:
	– Maternal behavioural outcomes: insulin treatment 

rate, oral hypoglycaemic agents treatment rate and 
self-care behaviours (mainly including the compli-
ance with SMBG, healthy diet and physical activity).

	– Maternal cognitive and attitudinal outcomes: 
knowledge of disease, risk-perception of disease, 
self-efficacy and satisfaction with care.

	– Maternal mental health: depression and anxiety.
	– Maternal and neonatal clinical outcomes: gesta-

tional weight gain, induction of labour, vaginal 
delivery, normal vaginal delivery, assisted vaginal 
delivery, caesarean section, planned caesarean 
section, emergency caesarean section, gestational 
weeks at delivery, premature delivery, shoulder dys-
tocia, pre-eclampsia/gestational hypertension, pre-
mature rupture of the membranes, macrosomia, 
admission to the neonatal intensive care unit, low 
birth weight, birth weight, large for gestational age, 
small for gestational age, neonatal hypoglycaemia, 
1 min Apgar scores, 5 min Apgar scores, neonatal 
jaundice/hyperbilirubinaemia, respiratory mor-
bidity, composite neonatal complications, photo-
therapy and neonatal death.

	– Medical service utilisation and costs.
Studies that included at least one of the above outcomes 

will be considered eligible.

https://dx.doi.org/10.1136/bmjopen-2022-061151
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Search methods for the identification of studies
PubMed, Web of Science, Embase, Cochrane Library, 
CINAHL and PsycINFO are anticipated to be compre-
hensively searched from the inception of each database 
to 26 January 2022. The search strategies of electronic 
databases are a combination of Medical Subject Heading 
and free-text words to represent the definitions of GDM, 
web-based interventions, RCTs and CCTs. The search 
strategies will be developed in collaboration with an 
academic librarian. The detailed retrieval strategies of 
all databases are available in online supplemental table 
S2. Two authors (PPG and DDC) will conduct the search 
process independently. Additionally, a snowball hand-
search will be undertaken to retrieve additional eligible 
studies after database searches by reviewing the refer-
ence lists of included studies and the existing systematic 
reviews related to this topic.

Study selection
After the initial systematic searches, all retrieved records 
will be exported to Endnote X 8.2 reference management 
software. Then, the automated ‘Find Duplicates’ function 
of this software will be used to eliminate duplicate studies. 
Two authors (YJ and PX) will independently assess the 
remaining titles and abstracts and remove irrelevant cita-
tions in accordance with the selection criteria. Then, the 
full text of studies will be obtained if either of the two 
authors judges a publication to be potentially eligible 
for inclusion. Independent full text reading by the 

same authors will follow. Any discrepancies between the 
authors will be discussed first. When consistency cannot 
be reached, a senior reviewer (SF) will resolve the contro-
versy. Reasons for excluding studies will be detailed on 
a Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) flow chart (figure 1).

Data extraction and management
Data extraction will be carried out with a purpose-built, 
predesigned and structured template. We will first pilot 
the data extraction process using a subsample of included 
studies and make further refinements to the extraction 
sheet as necessary. The corresponding authors of 
included studies with any missing, uncertain or incom-
plete information will be contacted. The data from the 
final included studies will be independently extracted by 
two reviewers (ZX and XW) and checked for accuracy by 
a third reviewer (QZ).

From all included studies, we will collect the following 
information:

	► The general study information: the first author, year 
of publication, country and study design.

	► Participants’ details: mean age, diagnostic criteria of 
GDM, gestational weeks at allocation and sample size 
(intervention/control).

	► Intervention details: name of intervention, detailed 
regimen, duration, main technology (such as mobile 
application and website), interactivity (interactive/

Figure 1  Flow diagram of article selection process.
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non-interactive) and format (personalised/
non-personalised).

	► Control group regimen.
	► Outcomes: the primary and secondary outcomes 

(between-group significance: +/−).
	► Attrition rates.

Methodological quality assessment
The Effective Public Health Practice Project assessment 
tool will be applied to appraise the methodological 
quality of included studies,50 which showed better inter-
rater agreement than the Cochrane Collaboration Risk 
of Bias tool.51 Studies will be evaluated on the following 
six aspects: selection bias, study design, confounders, 
blinding, data collection methods, as well as withdrawals 
and drop-outs. Finally, each aspect as well as the global 
rating will be rated as strong, moderate or weak. What 
needs to be pointed out specially is that the aspect of 
blinding will be rated as ‘strong’ for studies only eval-
uating objective outcomes, as objective outcomes are 
unlikely to be affected by actual blinding implementa-
tion.49 The methodological quality evaluation will be 
performed independently by two reviewers (WZ and 
MM), and any controversial evaluation differences will be 
discussed for a final decision.

Grading the quality of evidence
The Grades of Recommendation, Assessment, Develop-
ment and Evaluation guidelines52 will be used to assess 
the level of evidence for each indicator of the primary 
outcome (glycaemic control). After evaluations of the 
risk of bias, consistency, directness of evidence, impre-
cision and publication bias, a body of evidence across 
the outcome indicators will be specified as very low, low, 
moderate and high quality.

Data analysis
Data synthesis
A meta-analysis will be conducted when there are suffi-
cient studies (no less than two studies) with available 
data investigating the same outcome by similar effect 
measures. For outcomes that could not be quantitatively 
synthesised due to insufficient studies, unavailable data 
or high heterogeneity of effect measures, a narrative 
approach will be applied for analysis. Stata V.12.0 (Stata 
Corporation) will be used for all statistical calculations, 
and a p value <0.05 will be set as the significance level. 
For continuous variables, the mean differences (MDs) 
with 95% CIs will be selected only when the unit and the 
instrument of measurement are the same across trials; 
otherwise, the standardised MD (SMDs) with 95% CIs will 
be chosen.53 According to Cohen’s definition, the effect 
size of SMD is considered small (<0.2), moderate (0.2–
0.8) or large (>0.8).54 For dichotomous variables, we will 
use relative risks with 95% CIs for point estimates, and 
the cut-off values of 1.22, 1.86 and 3.00 represent small, 
medium and large effects, respectively.55 The inverse vari-
ance method will be used to pool continuous outcome 

data and the Mantel Haenszel method for dichotomous 
outcome data.

Assessment of heterogeneity
The level of heterogeneity across studies will be eval-
uated by χ2 test and I2 test. According to the Cochrane 
Handbook, an I2 value of 0%–40% represents insignif-
icant heterogeneity; 30%–60% represents moderate 
heterogeneity; 50%–90% represents substantial hetero-
geneity; >75% represents high heterogeneity.56 We will 
use a fixed-effect model for analysis if there is no substan-
tial heterogeneity (p value ≥0.1 of the χ2 test and an I2 
value ≤50%). Otherwise, a random-effect model will be 
employed, which can yield more conservative summary 
effect estimates and is more recommended when there is 
unexplained heterogeneity across studies.57

Additional analysis for the primary outcome
(1) Subgroup analyses based on the intervention format 
(personalised and non-personalised), interactivity (inter-
active and non-interactive) and technology (such as 
mobile applications and websites) will be performed if 
possible to explore an optimal web-based intervention 
regimen and to identify the potential sources of hetero-
geneity; (2) the funnel plot and Egger’s test will be 
employed to detect the potential publication bias if there 
is a sufficient number of included studies (N≥10).54

Patient and public involvement
Neither patients nor the public will be directly involved 
in the design, conducting, reporting or dissemination of 
this study because this systematic review will be based on 
publicly available studies.

Validity, reliability and rigour
The systematic review protocol was completed following 
the PRISMA-P guidelines.48 We will strictly follow the 
requirements of Cochrane Handbook54 and the best prac-
tise PRISMA guidelines58 when performing and reporting 
this systematic review.

DISCUSSION
GDM has been demonstrated to be closely associated 
with considerable maternal and neonatal short-term and 
long-term complications.5 7 9 11 The traditional mode of 
GDM management is effective but requires intensive clin-
ical input.15 18 In recent years, web-based interventions 
have become increasingly popular in the field of GDM 
management due to making treatments more accessible 
and affordable.16 31 33 However, the benefit of web-based 
interventions for pregnant women with GDM is contro-
versial,15 27 32 and the existing systematic reviews36 37 also 
did not reach a consensus on this issue, which leads to 
confusion for clinical decision-making and restricts the 
application of these interventions. Hence, this paper 
presents a protocol for a systematic review based on all 
existing evidence from RCTs and CCTs to comprehen-
sively investigate the multidimensional effectiveness of 
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web-based interventions among pregnant women with 
GDM.

It is well known that maternal hyperglycaemic of vari-
able severity is the most important clinical manifestation 
of GDM and the pathological basis of related complica-
tions.1 To this end, maternal glycaemic control will be 
used as the primary outcome in this review, reflected 
by four commonly measured parameters (HbA1c, FBG, 
1hBG and 2hBG). Meanwhile, in order to elevate the 
comprehensive understanding of the effectiveness of 
web-based interventions, extensive secondary outcomes 
will also be assessed, including maternal behavioural 
outcomes, cognitive and attitudinal outcomes, mental 
health, maternal and neonatal clinical outcomes, as well 
as medical service utilisation and costs. The conclusions 
of this study will provide objective evidence on whether 
web-based interventions should be widely recommended 
for GDM management in future clinical practice.

In addition, three subgroup analyses regarding inter-
vention format (personalised and non-personalised), 
interactivity (interactive and non-interactive) and tech-
nology (such as mobile applications and websites) will be 
performed. It is anticipated that the findings of subgroup 
analyses can enlighten health professionals on devel-
oping and implementing an optimal web-based interven-
tion regimen for pregnant women with GDM and bring 
maximum benefits to the targeted crowd, clinicians and 
other relevant personnel.

However, several potential limitations to this study 
should be considered. First, the emerging use of web-
based technologies in healthcare is relatively recent; 
hence, the number of studies regarding this topic may 
be limited. Second, given that the diagnostic criteria 
of GDM, gestational weeks at allocation and web-based 
intervention programmes are likely to be quite different, 
there may be high heterogeneity across studies; there-
fore, we plan to conduct subgroup analyses to overcome 
this heterogeneity. Finally, since we will only include RCTs 
and CCTs published in English, there may be a loss of 
studies written in other languages.

ETHICS AND DISSEMINATION
Ethical approval will not be required for this study as 
no identifiable patient information or privacy will be 
involved. The findings will be published and diffused in 
a peer-reviewed English journal or disseminated through 
an academic conference.
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