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Abstract
Introduction  Gestational diabetes mellitus (GDM) is a common pregnancy-related complication. The modest benefits of 
interventions to prevent GDM in women with high risk during pregnancy has shifted the focus to the preconception period. 
However, research on the effectiveness of preconception interventions in women who are more likely to develop GDM is 
lacking. This review aimed to assess the effect of preconception interventions, including behavioural strategies, supplemen-
tation, and pharmacological treatments on reducing the incidence of GDM.
Methods  MEDLINE, EMBASE and the Cochrane Central Register of Controlled Trials were first searched in February 
2023 and updated in December 2025 (PROSPERO CRD42020177976). Randomised controlled trials (RCTs) evaluating 
dietary/physical activity (PA)/combined, nutritional supplementation or pharmacological intervention in the pre-pregnancy 
period in women at high risk of developing GDM conducted in any country and reported in English were included. The 
pre-pregnancy period was defined as the period before and/or between pregnancies. A narrative synthesis was conducted in 
line with the Synthesis Without Meta-analysis guidelines, and each study was assessed using the Cochrane risk of bias tool.
Results  Six RCTs, equating to nine publications (n = 909 participants in total) were included. Two interventions were con-
ducted during the pre-pregnancy period and discontinued upon conception, and the remaining four were delivered pre-
pregnancy and continued throughout pregnancy. Five trials focused on modifying both dietary intake and PA and one trial 
modified diet only. No studies reported a significant effect of preconception behaviour change intervention on GDM devel-
opment; however, five of the trials were underpowered to do so.
Discussion  Limited evidence fitted this review’s inclusion criteria, highlighting a considerable research gap. Future well designed, 
adequately powered RCTs of behaviour change and/or pharmacotherapy in women at higher risk for developing GDM are neces-
sary to inform preconception care guidelines to improve the immediate and long-term health of women and their infants.
Significance
What is already known on this subject?  The modest benefits of intervention to prevent GDM during pregnancy in women 
at higher risk has shifted focus to the preconception period, highlighting the need for early intervention to reduce preg-
nancy complications and long-term maternal and child health risks. Additionally, preconception health is suboptimal among 
women at increased risk of GDM, including those living with overweight or obesity or with a history of GDM.
What does this study add  This review evaluated interventions to reduce GDM which were initiated in the preconception 
period and highlights a critical evidence gap. Only six RCTs were identified and while the findings suggest that preconcep-
tion diet and physical activity intervention shows some benefits, impact on GDM prevention remains uncertain due to under-
powered studies. This review highlights the urgent need for adequately powered RCTs that specifically target the preconcep-
tion period in women likely to develop GDM. Research gaps on pharmacological interventions to address preconception 
obesity were also identified in this review.

Keywords  Gestational diabetes · Intervention · Preconception · Diet · Physical activity · Randomised controlled trials · 
Systematic review
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Gestational diabetes mellitus (GDM) is a metabolic dis-
order defined as hyperglycaemia first recognised during 
pregnancy that resolves after birth (McIntyre et al., 2019). 
GDM is one of the most common pregnancy-related com-
plications, affecting approximately 14% of pregnancies 
worldwide, with prevalence varying across countries, popu-
lations, screening strategies and diagnostic criteria (Wang 
et al., 2022). While consensus is lacking on optimal screen-
ing strategies, timing of and/or diagnostic criteria for GDM, 
prevalence continues to rise globally due to increases in 
maternal age and obesity, and associated cardiometabolic 
risk factors (Eades et al., 2017; Lavery et al., 2017; Muche 
et al., 2019; Tutino et al., 2014). Women with GDM have 
higher risks of developing gestational hypertension and pre-
eclampsia, delivery complications such as caesarean deliv-
ery, and future risk of recurrent GDM, type 2 diabetes (T2D) 
and cardiovascular disease (Metzger et al., 2009; Ye et al., 
2022). GDM in multiple pregnancies further exacerbates 
this future chronic disease risk (Mussa et al., 2024). Further-
more, infants of women with GDM are at risk of macroso-
mia, being born large for gestational age, pre-term delivery, 
and developing metabolic disease in later life (Metzger et 
al., 2009; Ye et al., 2022).

Individual level risk factors for GDM are generally clas-
sified as non-modifiable, (i.e. age, family history of dia-
betes, previous GDM, polycystic ovarian syndrome) or 
modifiable (i.e. overweight, obesity, physical activity (PA), 
diet) (Sweeting et al., 2024). Efforts to prevent GDM dur-
ing pregnancy have mainly focused on reducing insulin 
demand and targeting modifiable risk factors associated 
with adverse maternal and fetal outcomes (Simmons et 
al., 2024; Sweeting et al., 2024). In a systematic review of 
diet and PA interventions to reduce gestational weight gain 
(GWG), after studies with methodological limitations were 
excluded, there was no evidence of an intervention effect 
on clinical outcomes, including GDM (Dodd et al., 2024a). 
More recently, diet and PA interventions during pregnancy 
were shown to prevent GDM, with effects varying accord-
ing to diagnostic criteria(Allotey et al., 2026). However, 
the effect of antenatal intervention in women at higher risk 
is less clear. Previous evidence from a systematic review 
showed only modest benefit of behaviour change (e.g. diet 
and PA) to prevent GDM in women identified at higher risk 
of developing the condition (Quotah et al., 2024).

Suboptimal success in preventing GDM in those at higher 
risk during pregnancy has directed focus towards the pre-
conception period. The 2018 Lancet series on preconception 
health highlighted the critical need to expand interventions 
to the period before conception to reduce the risk of preg-
nancy complications and associated longer-term risks to the 
woman and her offspring, rather than waiting to intervene 
during pregnancy (Barker et al., 2018; Fleming et al., 2018; 

Stephenson et al., 2018). This is particularly important as 
preconception health has been shown to be suboptimal in 
the general population of women (Stephenson et al., 2021) 
and in women with previous GDM, where high levels of 
obesity have been reported. Survey data from a digital preg-
nancy planning tool found that almost half of women with 
previous GDM enter pregnancy with obesity, compared to 
a quarter of women without any history of diabetes (Flynn 
et al., 2023).

Although observational evidence suggests that precon-
ception weight loss, improved diet quality and increased PA 
levels are associated with reduced GDM risk (Sampathku-
mar et al., 2023; Schoenaker et al., 2020), there is a paucity 
of evidence from randomised controlled trials (RCTs). Pre-
conception diet and PA interventions were not associated 
with a significant difference in rates of GDM in a recent 
systematic review (Poprzeczny et al., 2025), however, 
additional research is needed in women at higher risk of 
developing GDM, to inform the development of guidelines 
to improve preconception health of women with risk fac-
tors for developing the condition. This systematic review, 
therefore, aimed to assess the effect of preconception inter-
ventions, including behaviour change, nutritional supple-
mentation, and pharmacological treatments, on GDM risk 
in women at higher risk of developing the condition.

Methods

This systematic review was conducted in accordance with 
the Synthesis without meta-analysis (SWiM) guidelines 
(See Online Resource 1) (Campbell et al., 2020) and was 
reported in alignment with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) recom-
mendations (See Online Resource 2) (Moher et al., 2009).

Search Strategy

The first step of this review involved updating a prior lit-
erature search, which aimed to assess the effect of pre-
conception and pregnancy interventions in women at high 
risk of developing GDM, to identify new published trials 
(PROSPERO CRD42020177976). The details of the pre-
vious review have been described in another publication 
(Quotah et al., 2024). In brief, MEDLINE, EMBASE and 
the Cochrane Central Register of Controlled Trials were 
searched, initially in February 2023, updated in February 
2025 and repeated in December 2025 (See Online Resource 
3). Backward and forward citation searching of was under-
taken to supplement the database searches.
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Eligibility Criteria

Inclusion and exclusion criteria has been previously 
described (Quotah et al., 2024). In brief, to be eligible for 
inclusion, studies had to meet the following criteria: (i) ran-
domised controlled trials (RCTs) that evaluated any inter-
vention in the pre-pregnancy period or during pregnancy 
compared with no intervention, another type of interven-
tion, placebo or standard care; (ii) women identified as 
higher risk of developing GDM, using any risk stratifica-
tion in the preconception period or in early pregnancy; (iii) 
data reporting GDM as a primary or secondary pregnancy 
outcome (iv) conducted either low- and middle-income or 
high-income countries. All diagnostic criteria for GDM 
were deemed acceptable. Studies meeting the following 
criteria were excluded: (i) non-randomised, observational, 
or case studies; (ii) abstracts, reviews, letters, commentar-
ies and editorials; (iii) women aged less than 18 years or 
older than 50 years; (iv) studies designed to treat GDM; (v) 
interventions starting too late in pregnancy (> 28 weeks’ 
gestation) (vi) studies not reported in English. As the focus 
of this review was on preconception interventions only, any 
RCTs which targeted pregnancy, and which did not initiate 
an intervention in the pre-pregnancy period were excluded. 
Preconception was defined as the period before or between 
pregnancies.

Study Selection

All studies identified in the search process were imported 
into EndNote reference management software to eliminate 
duplicate publications and then into Rayyan screening man-
agement software (Ouzzani et al., 2016). Citations were 
screened in duplicate by independent reviewers (CVG, DB, 
OR, ZED) in two phases: (i) titles and abstracts and (ii) full-
text articles. Disagreements were resolved by consensus 
with a third reviewer or group discussion.

Data Extraction

Data extraction was carried out in duplicate by the reviewers 
(CVG, DB, OR) independently using a standardised table 
created for this review. Items for data extraction included 
title, authors, publication year, study design, country, aim, 
population characteristics, inclusion and exclusion criteria, 
period of intervention (preconception and/or preconcep-
tion and pregnancy), intervention characteristics including 
description of intervention (including type, timing, dura-
tion, delivery method), feasibility and acceptability of inter-
vention methods, behavioural change theory framework and 
adverse pregnancy outcomes. Any disagreement between 
reviewers was resolved through a consensus opinion.

Data Synthesis

Due to the limited studies, heterogeneity of study design, 
interventions and outcomes, conducting a meta-analysis 
was not appropriate (See Online Resource 1). Studies were 
divided into pre-pregnancy only or combined pre-pregnancy 
and pregnancy periods. The data are presented in textual and 
tabular formats, offering a comprehensive summary of the 
findings.

Risk of Bias Assessment

The Cochrane risk of bias tool (Sterne et al., 2019) was 
used to assess the bias of each study included according to 
the Cochrane Handbook for Systematic Reviews of Inter-
ventions, version 6.3 (Higgins et al., 2024). The domains 
assessed included randomisation method, allocation con-
cealment, incomplete outcome data, selective outcome 
reporting and other potential sources of bias. Any disagree-
ment between reviewers (CVG, DB, OR) was resolved 
through a consensus with a fourth reviewer (ACF). The 
overall risk was determined, and studies were classified as 
‘low risk of bias’, ‘some concerns’ or ‘high risk of bias’. The 
robvis tool was used to build the risk-of bias plot (McGuin-
ness & Higgins, 2020).

Results

Six RCTs (Bogaerts et al., 2025; LeBlanc et al., 2021b; 
Phelan et al., 2023; Price et al., 2021; Rönö et al., 2018; 
Sujan et al., 2025), equating to nine publications (LeBlanc 
et al., 2021a, 2022; Valkama et al., 2018), were included in 
this review (see Fig. 1), two of which were identified previ-
ously (Quotah et al., 2024). The majority of studies were 
excluded because the intervention occurred entirely dur-
ing pregnancy without a pre-pregnancy component, studies 
were ongoing RCTs (without published results), or studies 
did not include GDM as a primary or secondary outcome. 
Intervention details for all six trials were obtained from pre-
viously published protocols (Bogaerts et al., 2017; LeBlanc 
et al., 2016; Phelan et al., 2021; Price et al., 2018; Rönö et 
al., 2014; Sujan et al., 2023) and other reports (Bogaerts et 
al., 2020).

Characteristics of Included RCTs

All six trials were conducted in high-income countries: Aus-
tralia (Price et al., 2021), Belgium (Bogaerts et al., 2025), 
Finland (Rönö et al., 2018), Norway (Sujan et al., 2025), 
and the United States of America (USA) (LeBlanc et al., 
2021b; Phelan et al., 2023) (Table 1). Three trials aimed to 
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Pre-pregnancy only Interventions

Two interventions were conducted during the pre-pregnancy 
period and discontinued upon conception. Phelan et al. 
(2023) conducted a 2-site parallel-group RCT in the USA, 
which aimed to determine the effects of a pre-pregnancy 
weight loss intervention on GDM recurrence in women with 
overweight/obesity and previous GDM. At study entry, both 
groups (intervention, n = 105; control, n = 94) received stan-
dard care and education (2 × 20 min meetings). The inter-
vention group also received a diet, PA, behavioural health, 
and weight loss intervention. In the first 16 weeks, partici-
pants aimed to achieve 10% weight loss and then maintain 
weight loss until conception. The intervention duration was 
49.8 ± 40 weeks (Table 2). There was a significant difference 
in mean preconception weight loss during these 16-weeks 
between the intervention and control group (intervention, 
n = 34, 4.8 (range: 3.5–6.0) kg (5.7%); control, n = 22, 0.7 
(range: − 0.9 to 2.3) kg (0.7%); P = 0.001). However, the 
intervention had no effect on the primary outcome of GDM 
recurrence rate relative to the control or secondary out-
come of GWG between groups. The intervention improved 
reported weight control practices and cognitive restraint 
over the first 16 weeks. Independent of group allocation, 
increasing weight loss between study entry and last weight 

determine the effect of pre-pregnancy weight loss on GDM 
occurrence, GWG and other pregnancy outcomes (LeBlanc 
et al., 2021b; Phelan et al., 2023; Price et al., 2021). Two 
trials aimed to evaluate the effect of a pre-pregnancy dietary 
and PA behaviour change intervention on glucose tolerance 
(Sujan et al., 2025) and GDM diagnosis (Rönö et al., 2018), 
respectively. One trial aimed to assess the effect of behav-
iour change intervention in women with a history of exces-
sive GWG (Bogaerts et al., 2025). To define a population at 
high risk, studies differed in the preconception GDM risk 
factors they considered. Five trials recruited women living 
with overweight or obesity (ranging from ≥ 25 to “between 
30 and 50” kg/m2) (LeBlanc et al., 2021b; Phelan et al., 
2023; Price et al., 2021; Rönö et al., 2018; Sujan et al., 
2025) and/or a history of GDM (Phelan et al., 2023; Rönö 
et al., 2018; Sujan et al., 2025). One trial recruited women 
with a history of excessive GWG in previous pregnancy 
(Bogaerts et al., 2025). All trials recruited women planning 
a pregnancy within the next 6 months to 3 years. The total 
sample size was 909 participants with primary or secondary 
outcome GDM data, which ranged across studies from 57 
to 390 participants. Studies included women before a first 
pregnancy and/or next pregnancy.

Fig. 1  PRISMA flow chart
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Pre-pregnancy and Pregnancy Interventions

Four interventions were delivered prior to conception and 
continued throughout pregnancy (Bogaerts et al., 2025; 
LeBlanc et al., 2021b; Rönö et al., 2018; Sujan et al., 2025). 
All trials were combined interventions, focused on modify-
ing both dietary intake and PA, with Bogaerts et al. (2025) 
also including mental health wellbeing (Table 2).

The Interpregnancy and pregnancy lifestyle interven-
tion (INTER-ACT) was a multi-centre RCT, which aimed 
to assess the effectiveness of behaviour change intervention 
that began interconception and continued through the subse-
quent pregnancy in women with a history of excessive GWG 
(Bogaerts et al., 2025). The trial recruited women within 6 
weeks of delivery whose GWG exceeded National Acad-
emy Medicine recommendations (Rasmussen & Yaktine, 
2009). During the interpregnancy period, the intervention 
group (n = 193) had access to 4 face-to-face coaching ses-
sions and an e-health application which promoted healthy 
behaviours, such as improving dietary quality, supporting 
the return to pre-pregnancy weight, engaging in PA and 
addressing mental health wellbeing. Upon a subsequent 
pregnancy, the intervention group then had 3 face-to-face 
coaching sessions and continued access to the app. The con-
trol group (n = 197) received home visits at 6 weeks and 6 
months postpartum, and subsequently every 6 months until 
the start of their next pregnancy and standard antenatal care 
during pregnancy. There was no significant difference in the 
primary outcome of composite pregnancy and birth related 
outcomes or solely GDM (Odds Ratio (OR), 1.24; 95% 
Confidence Interval (CI), 0.62–2.50, P = 0.054) between 
groups, Table 3).

The PREPARE trial was a single-centre RCT, which 
aimed to determine whether pre-pregnancy weight loss 
reduced GWG and improved pregnancy outcomes (LeB-
lanc et al., 2021b). The trial recruited women with a BMI 
of ≥ 27  kg/m2 who were planning pregnancy within the 
next 2 years. During pregnancy, both groups (interven-
tion, n = 164; control, n = 162) received standard antenatal 
care through their obstetrical provider and information on 
having a healthy pregnancy. The intervention group also 
received individualised diet and PA advice during weekly 
health coach and behavioural interventionist-led counsel-
ling sessions for the first six months, then monthly for the 
following 18 months or until the end of pregnancy. A total of 
33.1% and 50.9% of women conceived within 6 months and 
6–24 months of study commencement, respectively, with no 
significant difference between groups (P > 0.05). There was 

measured before pregnancy predicted 21% lower odds of 
GDM recurrence (OR, 0.79; P = 0.008). The study also sug-
gested that weight loss ≥ 5% before conception reduced the 
odds of GDM recurrence by 82% (OR, 0.18 [0.04–0.88]; 
P = 0.03) (Table 3).

In relation to behaviour change outcomes, changes in 
moderate-vigorous PA levels from study entry to 16 weeks 
increased in the intervention versus control group (P = 0.02). 
This pattern was also observed up to 26 weeks’ gestation 
(P = 0.03). No further effects on changes related to dietary 
intake or PA were reported.

Price et al. (2021) conducted a multiple site, parallel-
group RCT which aimed to determine if nonsurgical, sub-
stantial weight loss can be achieved in women with obesity 
prior to pregnancy, using a modified very low energy diet 
(VLED) programme. Additionally, they sought to deter-
mine whether weight loss improved glucose metabolism 
and obesity-related adverse pregnancy outcomes for both 
the woman and her offspring (Price et al., 2021). The trial 
recruited women with a BMI of 30–55 kg/m2 who were plan-
ning a pregnancy in the next 6 to 12 months. Both groups 
(intervention, n = 85; control, n = 79) took part in a 12-week 
diet-only intervention, followed by a 4-week weight main-
tenance period prior to trying to conceive. The intervention 
arm required participants to follow a VLED, replacing two 
meals per day with a commercially available VLED formu-
lation, Optifast® (Nestle Nutrition, Australia). In contrast, 
the control participants followed a standard hypocaloric diet 
(500 kcal deficit from their daily energy expenditure) with 
advice delivered by a qualified registered dietitian (Table 2). 
Weight loss at the end of the 12-week intervention was dif-
ferent between groups (intervention, 11.9% (13.0 ± 0.5 kg); 
control, 3.1% (3.2 ± 0.6 kg); P < 0.01), respectively. Between 
the start of the intervention and either conception or week 60 
of the study if conception did not occur, weight regain did 
not differ between groups (intervention, 3.2% (3.6 ± 0.9 kg); 
control, 2.9% (3.0 ± 0.7 kg); P = 0.84). In a per protocol anal-
ysis (intervention, n = 50; control, n = 32), the median time 
to pregnancy was significantly different between groups 
(intervention, 51.0 days (32.0 d, 169.0 d); control, 140.5 
days (75.3 d, 211.0 d); P = 0.03). No difference in the pri-
mary outcome of fasting maternal plasma glucose at OGTT 
of 26 to 28 weeks’ gestation between groups was observed. 
Similarly, post hoc analysis of the 1-hour post glucose load 
demonstrated no difference between groups. However, 2-h 
post glucose load was higher in participants randomised to 
the intervention group compared with the control group (5.9 
(0.2); 6.7 (0.3) mmol/L, respectively; P = 0.04) (Table 3).
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during pregnancy (Table 2). Within 12 months from study 
commencement, 62.5% of women conceived, with no sig-
nificant difference between intervention and control groups 
(P = 0.84). There was no effect of the intervention on the 
primary outcome of GDM. In a secondary analysis of the 
dietary intake during the RADIEL trial, found that pre-preg-
nancy lifestyle counselling had limited effect on improving 
diet, with only the intake of low-fat cheese increasing in 
women who did not develop GDM (P = 0.028) (Valkama et 
al., 2018) (Table 3).

The BEFORE THE BEGINNING trial was a single-cen-
tre RCT, which aimed to determine the effect of a pre-preg-
nancy behaviour change intervention on glucose tolerance 
in women at higher risk of developing GDM (Sujan et al., 
2025). The trial recruited women contemplating pregnancy 
within the next 6 months and with at least one of the fol-
lowing criteria: BMI ≥ 25 < 40  kg/m2, GDM in a previous 
pregnancy, fasting plasma glucose > 5.3 mmol/L, previous 
newborn > 4.5 kg, or Non-European ethnicity. The interven-
tion group (n = 83) followed time restricted eating (TRE), 
which restricted the daily time window of energy intake to 
≤ 10 h, ending no later than 7 pm, for a minimum of five 
days per week throughout the study period, and exercise 
training during the pre-pregnancy and pregnancy periods 
(Table 2). The control group (n = 83) received standard pre-
natal and antenatal care and advice and were encouraged to 
continue habitual PA and dietary intake. There was no dif-
ference in the primary outcome of two-hour plasma glucose 
concentrations at gestational week 28 (Table 3). Similarly, 
there was no difference in GDM diagnosis at gestational 
week 12 or gestational week 28 between groups (P > 0.05). 
Preconception weight loss did not differ between groups, 
however GWG was different; weight gain in the interven-
tion group at gestational week 28 was 2 kg lower (95% CI, 
− 3.3 to − 0.8, P = 0.002), and fat mass gain was 1.5 kg lower 
(− 2.5 to − 0.4, P = 0.008) than the control group.

Risk of Bias

The overall quality of the included studies varied and is 
summarised in Fig. 2. One study was assessed as ‘low risk 
of bias’ (LeBlanc et al., 2021b), and five were assessed as 
‘some concerns’ (Phelan et al., 2023; Price et al., 2021; 
Rönö et al., 2018). The deviations from the intended inter-
vention and missing outcome data metrics were adequate 
for five studies. Five trials were underpowered at analysis, 
with three reporting that the conception rate was lower than 
expected (Phelan et al., 2023; Price et al., 2021; Rönö et al., 
2018).

a significant difference in preconception weight loss (inter-
vention, 3.7 (8.3) kg (3.5% of randomisation weight); con-
trol, 0.6 (8.1) kg (0.5% of randomisation weight); P < 0.001) 
and a reduction in BMI (intervention, 1.32 (2.86) kg/m2; 
control, 0.25 (2.93) kg/m2; P = 0.02) between groups. Mean 
GWG was higher in the intervention group in the second 
and third trimesters, leading to higher overall weight gain 
among the intervention group (intervention, 13.24 (8.20) 
kg; control, 10.32 (7.41) kg; P = 0.03). There was no effect 
of the intervention on the secondary outcome of GDM. In 
a secondary analysis of the trial, 59 (66%) intervention par-
ticipants and 57 (72%) control participants received ran-
domised early OGTT screening (LeBlanc et al., 2021a). Of 
the intervention group who received early screening, 13.6% 
were diagnosed with GDM, compared to 29.8% of those 
in the control group. Furthermore, those in the interven-
tion group were 73% less likely to be diagnosed with GDM 
in early pregnancy compared to those in the control group 
(OR, 0.27; 95% CI, 0.09–0.80).

Some changes in PA and diet were reported in the PRE-
PARE trial (LeBlanc et al., 2021b) (Table  3). In an addi-
tional secondary analysis (LeBlanc et al., 2022), from 
randomisation to mid-pregnancy, vigorous‐intensity activ-
ity (intervention, 3.9 (5.5) Met‐hr/week; control, 1.2 (3.0) 
Met‐hr/week; P = 0.002) and sports/exercise (intervention, 
17.0 (14.1); control, 11.0 (9.5) Met‐hr/week; P = 0.03) 
were greater in the intervention group. The intervention 
and control groups also differed in changes in sedentary 
time (intervention, − 4.9 (15.0); control, + 0.5 (7.6) Met‐hr/
week; P = 0.02). Additionally, participants in the interven-
tion group had larger increases in fruit intake than those in 
the control group (intervention, + 0.67; control, + 0.06 cups; 
P = 0.02).

The RADIEL trial was a multi-centre RCT, which aimed 
to evaluate the efficacy of a combined diet and PA pregnancy 
intervention on GDM prevention (Koivusalo et al., 2016). A 
secondary publication included in this review (Rönö et al., 
2018) focused on combined diet and PA intervention dur-
ing the pre-pregnancy period. The trial recruited women 
with a BMI ≥ 30 kg/m2 and/or women with previous GDM 
who were planning pregnancy within the following 12 
months. Both groups (intervention, n = 116; control, n = 112) 
received standard antenatal care provided to all Finnish 
pregnant women by public primary healthcare centres and 
information on having a healthy pregnancy. This consisted 
of 10–15 visits to a nurse and 2–3 visits to a physician dur-
ing pregnancy and information leaflets on healthy diet and 
exercise. In addition, the intervention group also received 
nurse-led personalised dietary and PA counselling every 
three months during pre-pregnancy and once per trimester 
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pharmacological interventions), providing further evidence 
to higher-risk preconception populations. Half of included 
trials aimed to reduce weight before pregnancy in women 
living with overweight or obesity. These trials reported 
weight loss in the intervention groups compared to the con-
trol groups using either behaviour change advice (related 
to diet, PA) or a VLED. The interventions reduced weight 
before pregnancy and improved dietary and PA behaviours, 
but there was no reduction in GDM. These relatively small 
trials were underpowered to detect effects of the impact of 
preconception weight loss on GDM, highlighting the need 
for further research in this area.

BEFORE THE BEGINNING trial reported lower GWG 
in the intervention group, while the PREPARE trial reported 
higher GWG, and Price et al. (2021) observed no differ-
ences between groups. Given that none of these trials, nor 
Phelan et al. (2023) reported a reduction in GDM in women 
with a high BMI, there is a need to re-evaluate assumptions 
about intervention targets. It is important to note that there 
was a heterogeneity across BMI cut-offs used throughout 
the included studies (ranging from ≥ 25 kg/m2 to between 
30 and 55 kg/m2). While the GWG observed in the inter-
vention arms may have negated any effect of intervention 
on GDM rates, evidence suggests that maternal BMI and 
GWG likely represent independent pathways to adverse 
antenatal outcomes rather than BMI acting through GWG, 
as was traditionally assumed. This decoupling of pathways 
may explain why GWG-focused interventions have failed 
to reduce GDM across trials (Dodd et al., 2024b). Interven-
tions may therefore need to target these specific mechanisms 

Discussion

This systematic review aimed to evaluate preconception 
interventions in women at high risk of developing GDM. 
The findings of the review highlight the paucity of inter-
ventions which aim to optimise pre-pregnancy health and 
reduce the risk of developing GDM in higher risk women. 
Six RCTs equating to nine publications were identified, 
with intervention components focusing on modification of 
dietary intake and/or increase in PA. Although some studies 
reported improvements in diet and PA, and differences in 
preconception weight loss and/or GWG, no studies reported 
a reduction in GDM. The results were limited by small sam-
ple sizes, and five of the six trials were underpowered to 
detect a difference in GDM. GDM as a primary or second-
ary outcome was observed across the six trials; and addi-
tionally, none of the included studies published after 2020 
formally utilised the core outcome set (COS) published for 
GDM prevention and treatment (Egan et al., 2020).

Effectiveness of Preconception Interventions in 
GDM Prevention

A previous systematic review investigating the effects 
of diet and PA during the preconception period, found no 
significant difference in rates of GDM (Poprzeczny et al., 
2025). The current review focused specifically on women 
at high risk of developing the condition and extended the 
scope beyond diet and physical activity interventions to 
include additional types (nutritional supplementation and 

Fig. 2  Risk of bias assessment of intervention studies using Cochrane RoB 2-tool
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(McLeish et al., 2020; Slomian et al., 2021). As such, future 
preconception interventions should be suitably tailored to 
consider individual needs of women.

Feasibility and Acceptability of Interventions

The studies included in this review provide evidence into 
recruitment and retention when undertaking intervention 
studies during the preconception and interconception peri-
ods. High attrition rates, compounded by participant drop-
out and participants not experiencing a pregnancy, led to 
five studies being underpowered. Feasibility and accept-
ability were assessed through session attendance, self-mon-
itoring, feedback and intervention engagement. Phelan et 
al. (2023) reported high early engagement which reduced 
as the intervention progressed, which highlights the need 
for ongoing participant engagement strategies, tailored to 
intervention stage. PREPARE (LeBlanc et al., 2021b, 2022) 
and RADIEL (Rönö et al., 2018) both highlighted the role 
of personalised counselling and digital tools in sustaining 
engagement, but logistical challenges, including scheduling 
and participant workload, were reported. Price et al. (2021) 
found in-person counselling effective for dietary adherence 
but resource-intensive. Meanwhile, INTER-ACT found 
that coaching session attendance and app engagement were 
higher during interpregnancy than during the subsequent 
pregnancy (Bogaerts et al., 2025). The use of digital inter-
vention show promise for improving diet, PA (Farzandipour 
et al., 2020) and postpartum diabetes prevention (O’Reilly 
et & Laws, 2019), suggesting blended, or digital approaches 
may support GDM prevention efforts in the preconception 
period (O’Connor et al., 2024), but may need additional 
consideration during pregnancy.

Ongoing RCT Intervention Studies

Additional published protocols of RCTs (Chan et al., 2022; 
Kornerup et al., 2025; Mitchell et al., 2025) on preconcep-
tion interventions exploring strategies to improve health 
outcomes in women with high risk are ongoing (Table 4). 
The ‘Healthy Early Life Moments in Singapore’ (HELMS) 
study is a single-arm implementation study which aims to 
examine whether an integrated behaviour change interven-
tion initiated at preconception and continuing throughout 
pregnancy and postpartum can improve metabolic and 
mental health of women living with overweight and obesity 
and improve early child growth (Chan et al., 2022). The pri-
mary outcome is pregnancy rate, and co-primary outcomes 
include metabolic health, including GDM diagnosis, and 
mental health status. The Begin Better trial in Australia is 
a parallel RCT which aims to conduct a behaviour change 
intervention for women with overweight or obesity who are 

and/or be tailored to phenotype and timing, distinguishing 
early-identified GDM (< 20 weeks) from later-onset GDM 
(≥ 20 weeks) (Simmons et al., 2024). Overall, greater pub-
lic health awareness, larger-scale interventions, and further 
research are needed to address overweight and obesity in 
women of reproductive potential and to develop effective 
obesity management strategies before pregnancy.

Beyond behaviour change intervention, the evidence 
supporting the use of myo-inositol supplementation dur-
ing pregnancy to prevent GDM is growing (Mashayekh-
Amiri et al., 2022). The NiPPeR trial aimed to investigate 
the effect of myo-inositol, probiotic, and micronutrient 
nutritional supplementation before pregnancy on maternal 
glycemia and pregnancy outcomes (Godfrey et al., 2021). 
The intervention did not reduce GDM, and further subgroup 
analysis of higher-risk women (i.e. women with overweight 
or obesity or those with documented dysglycaemia) did not 
show any benefit however it was not powered to do so. Fur-
ther research on the use of supplementation such as myo-
inositol in reducing GDM in women with risk factors before 
pregnancy in adequate powered studies is warranted.

Behavioural Changes

Evidence suggests that antenatal diet and PA interventions 
have modest effects in preventing GDM in high-risk popula-
tions (Quotah et al., 2024). Five of the six RCTs (Bogaerts 
et al., 2025; LeBlanc et al., 2021b; Phelan et al., 2023; Rönö 
et al., 2018; Sujan et al., 2025) included in this review uti-
lised combined behaviour change interventions focused on 
modifying both dietary intake and PA and facilitating behav-
iour change education. While no study reported reducing 
GDM, improved dietary behaviours were reported such as 
increases in fruit, vegetable, and low-fat dairy intake. Three 
of the interventions (Bogaerts et al., 2025; LeBlanc et al., 
2021b; Phelan et al., 2023) alluded to behaviour change 
underpinnings of Social Cognitive Theory (LeBlanc et al., 
2016; Phelan et al., 2021), ‘teachable moments’ (Phelan 
et al., 2021), the FRAMES model (LeBlanc et al., 2016), 
motivational interviewing and behaviour change techniques 
(Bogaerts et al., 2017) in their protocols, however, the tri-
als did not discuss their chosen behaviour change theories 
relative to their findings. Promoting behaviour change to 
improve health outcomes through applying established the-
ories and frameworks is important and should be considered 
in future intervention design (Suto et al., 2025). However, 
the needs of women between pregnancies may differ consid-
erably from those experiencing pregnancy for the first time 
and should also be considered. Observational studies sug-
gest that women with a previous pregnancy are often less 
prepared for a subsequent pregnancy in relation to health 
behaviours and have additional challenges such as childcare 
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planning pregnancy and evaluate the impact of this inter-
vention on maternal health and well-being prior to concep-
tion, and on pregnancy, birth and newborn health outcomes 
in a subsequent pregnancy. The primary outcome is infant 
birth weight z-score, with secondary maternal and infant 
outcomes, including GDM (Mitchell et al., 2025). The PRE-
STORK trial in Denmark is a single-centre, parallel, RCT 
that will investigate the effect of a behaviour change inter-
vention before and during pregnancy in women with over-
weight or obesity on neonatal adiposity measured at birth. 
The primary outcome is the difference in neonatal adiposity 
between groups. GDM diagnosis is a secondary outcome 
(Kornerup et al., 2025).

These studies commenced in September 2020, February 
2021 and September 2022 respectively, and peer-reviewed 
results are eagerly awaited.

Strengths and Limitations

The present systematic review utilised a comprehensive 
search strategy and well-defined eligibility criteria to iden-
tify behaviour change, supplementation and/or pharmaco-
logical interventions in the pre-pregnancy period. The focus 
on RCTs offered an opportunity for a robust assessment of 
the cause-and-effect relationships between pre-pregnancy 
intervention and GDM prevention. The screening, data 
extraction and risk of bias assessments were performed 
in duplicate. However, the interpretation of the review is 
limited by the size, heterogeneity and quality of the stud-
ies included. In addition, five of the six RCTs were inad-
equately powered to determine the effect of pre-pregnancy 
intervention on preventing GDM. Furthermore, the review 
focused on individual-level factors that impact GDM risk, 
however, it should be noted that social and structural factors 
also play a role (Simmons et al., 2024).

Potential publication bias for some of the intervention 
effects was found, and therefore, the interpretation of the 
findings is limited by the possible bias from selective report-
ing. All included studies were conducted in high-income 
countries and in predominantly white ethnic populations, 
limiting generalisability to populations who have a higher 
risk of GDM. Additionally, the exclusion of non-English 
studies may have contributed to publication and selection 
biases.

Recommendations for Further Research and 
Practice

Given the large proportion of women with risk factors and 
suboptimal health behaviours at the start of pregnancy and 
the limited timeframe to modify behaviours during preg-
nancy, there is a need for adequately powered preconception 
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PA and differences in preconception weight and/or GWG, 
they did not reduce incidence of GDM. However, five out 
of the six RCTs included were underpowered. Adequately 
powered RCTs are needed which target modifiable risk fac-
tors prior to pregnancy in women who are more likely to 
develop GDM to improve immediate and long-term health 
of both women and their infants.
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RCTs to reduce adverse pregnancy outcomes, including 
GDMThese studies should evaluate the effects of behav-
ioural, supplementation, and pharmacological interventions, 
particularly in populations with specific ethnic and socio-
economic backgrounds where the need is greatest (Voun-
zoulaki et al., 2024). Technology may facilitate engagement 
and behaviour change strategies (Halligan et al., 2021; Lim 
et al., 2019). To date, preconception interventions have 
focused on either dietary and/or physical activity behaviour 
change or supplementation. The introduction of glucagon-
like peptide-1 receptor agonists (GLP-1 RAs) into clinical 
practice warrants further exploration of pharmacological 
intervention to treat the disease of obesity before conception 
(Price & Nankervis, 2025). In a cohort study, prescription of 
GLP-1 RAs within 24 months preceding a pregnancy was 
associated with a reduced risk of several adverse obstetri-
cal outcomes, including GDM (Imbroane et al., 2025), how-
ever, evidence from RCTs is warranted. Furthermore, COS 
related to GDM prevention and treatment (Egan et al., 2020) 
have been published, and relevant work related to wider 
preconception health is ongoing (Schoenaker et al., 2024). 
Future studies should consider the implementation of COS 
in their study design and implementation.

Finally, future studies should incorporate behaviour 
change theory in the design and implementation of interven-
tions (Scott et al., 2022). Such interventions should also be 
co-designed with women and relevant stakeholders to deter-
mine effective recruitment and engagement strategies to 
optimise health before pregnancy to reduce GDM risk and 
support long-term prevention of T2D. This co-design pro-
cess should also address societal GDM and weight-stigma-
tising attitudes and norms, alongside providing professional 
development for healthcare professionals. Both are impor-
tant to eliminate stigma in the preconception period, which 
in turn can positively impact maternal and child health out-
comes during pregnancy and beyond (Davidsen et al., 2022; 
Hill et al., 2023). Additionally, interventions must account 
for the mental health and psychosocial dimensions of GDM 
management, which play a key role in shaping how women 
engage with interventions (Faal Siahkal et al., 2022).

Conclusion

The preconception period provides an opportunity to target 
modifiable risk factors in women most likely to develop 
GDM. This review demonstrates the paucity of studies that 
initiate intervention in the preconception period in higher 
risk women. The limited findings showed that while behav-
iour change interventions lead to improvements in diet, 
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