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Abstract

Gestational diabetes mellitus (GDM) is the most prevalent pregnancy-related endocrinopathy,
affecting up to 25% of pregnancies worldwide. Pregnant individuals who develop GDM have an
increased risk of complications during pregnancy and birth, as well as future development of type
2 diabetes mellitus and CVD. This increased risk is subsequently passed along to the offspring,
perpetuating a cycle of metabolic dysfunction across generations. GDM prevention strategies have
had mixed results for many years, but more recent systematic reviews and meta-analyses have
suggested potential new avenues of prevention. The objective of this review is to summarise

the literature examining the efficacy of lifestyle interventions for the prevention of GDM and to
uncover if specific individual-level characteristics influence this outcome. Based on the present
literature, we determined that future trials should be designed to understand if initiation of lifestyle
intervention in the preconception period is more effective to reduce GDM. Furthermore, trials
initiated during pregnancy should be developed through the lens of precision prevention. That is,
trials should tailor intervention approaches based on individual-level risk defined by the presence
of madifiable and non-madifiable risk factors. Finally, future interventions might also benefit
from just-in-time adaptive intervention designs, which allow for interventions to be modified in
real-time based on objective assessments of an individual’s response.
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Introduction

Gestational diabetes mellitus (GDM), which is defined as the first recognition of
hyperglycaemia during pregnancy [1], is estimated to affect 10% to 25% of all pregnancies
worldwide [1,2]. The variation among prevalence estimates is due, in part, to the diagnostic
testing criteria being a matter of debate, and to phenotypic differences in the presentation of
GDM between individuals, such as beta cell dysfunction, insulin resistance or a combination
of these disorders [3,4,5]. Although GDM resolves with birth, it has been associated with
increased risk of adverse maternal and offspring health outcomes following pregnancy.
These include maternal development of type 2 diabetes [6,7,8], the metabolic syndrome
[9,10] and CVD [11,12,13,14]. Children born to individuals who have GDM have an
increased risk of developing obesity, type 2 diabetes and neurodevelopmental impairments
[15].

The aetiology of GDM is complex and multifactorial. Mechanistic and epidemiological
research has implicated genetic and environmental factors in the development of GDM [16].
Inherent risk factors for GDM are considered to be those with genetic or demographic
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origins and are commonly defined as non-modifiable risk factors. Alternatively, risks
attributed to lifestyle habits, or the environment, are defined as modifiable risk factors.
Identifying risk factors for phenotypic differences that exist within GDM is likely to be
pertinent for prevention approaches.

For non-madifiable risk factors, GDM is more prevalent in individuals of advanced
maternal age [17], Asian race, or Hispanic ethnicity [18]. Further, those with first-degree
relatives affected by type 2 diabetes and a history of other hormonal disorders, including
polycystic ovary syndrome, are also more likely to develop GDM [19,20,21,22]. Research
into the genetic polymorphisms associated with GDM have identified several candidate
genes, including some which modulate beta cell dysfunction (e.g. TCF7L2, MTNR1B and
KCNQZ1) and some that influence insulin action (e.g. CDKALL and IRS1). Interestingly,
many of these candidate genes share a genetic architecture with type 2 diabetes [23,24].
However, further studies of non-modifiable risk factors are needed. For example, it is not
clear at what age GDM risk increases, why racial and ethnic differences exist, or the specific
genetic or epigenetic risks imparted by family history [19,22].

The development of GDM is also influenced by many risk factors associated with lifestyle
behaviours and an individual’s broad environment. These include pre-pregnancy obesity,
gestational weight gain (GWG) in early- and mid-pregnancy, dietary and physical activity
habits during preconception and pregnancy, smoking (including recreational marijuana [25]),
a shorter inter-pregnancy interval [20] and depression [26,27]. The maternal diet, including
increased energy consumption and poor diet quality, such as low dietary fibre intake,
increased glycaemic index foods and greater intake of sugar-sweetened beverages, has been
implicated in GDM risk [28]. Additionally, higher GDM risk has been associated with lower
levels of physical activity and sedentary behaviour prior to or in early pregnancy [29].

Further research is needed to better understand a broader set of risk factors, including those
with physiological (e.g. gut microbiome and genetics), psychological (e.g. mental health and
wellness) and social (e.g. access to healthcare, time and financial status) origins. Despite
decades of research uncovering GDM risk factors, an enormous opportunity remains for
research to develop and validate an individual-level risk factor assessment tool (Fig. 1).
Such tools are currently being conceived and developed to direct those at greatest risk

of GDM towards more precise, and possibly earlier, interventions, including during the
inter-pregnancy interval [30,31,32]. Future studies are required to identify and understand
which risk factors to target, and what intervention will elicit the most potent response

(Fig. 1). Although outside of the scope of the present review, it is important for precision
medicine efforts to identify those who might not benefit from preventive strategies. This
includes women who develop GDM and may instead benefit from targeted approaches to
treat GDM and to manage postpartum complications linked to GDM.

State of the science: lifestyle intervention trials designed to prevent GDM

Lifestyle interventions are traditionally prescribed as the first approach to prevent GDM.
Adherence to appropriate GWG [33,34,35], a nutritionally adequate and energy controlled
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diet [36], and regular physical activity [37,38] are recommended to optimise maternal and
offspring health benefits.

Pre-pregnancy obesity and GWG are some of the strongest risk factors for GDM
development [39,40]. Thus, researchers hypothesised that lifestyle interventions focused on
limiting excessive GWG, especially in individuals with obesity, decrease incident GDM risk.
As summarised below, when considered independently, prior RCTs examining the effects

of dietary-, physical activity- and multi-modal strategies on GDM incidence have yielded
conflicting results [41]. Nevertheless, meta-analyses have more recently determined that
lifestyle interventions may elicit an overall protective effect against GDM (Table 1).

Diet interventions

Both energy intake and diet quality play key roles in glucose homeostasis, insulin resistance
and metabolic processes that influence energy stores within the body [42]. A 2015 study
using National Health and Nutrition Examination Survey (NHANES) data showed that
poor diet quality (Healthy Eating Index [HEI]-2010) was associated with the incidence of
GDM during prior pregnancies [43]. Poor diet quality, even in the absence of excess energy
intake, has been shown to have severe long-term detriments to beta cell function [44]. Poor
diet quality may also lead to chronic insulin resistance and metabolic dysregulation, with
downstream effects on the risk of the development of impaired glucose tolerance and type 2
diabetes [45]. As such, GDM prevention efforts have aimed to both enhance diet quality and
manage energy intake.

Limiting excessive GWG through reduction in energy intake and improvements to diet
quality (e.g. low glycaemic index foods) have been investigated as strategies in prior RCTSs.
A 2015 meta-analysis of six trials (7=1309) determined that diet interventions, including
partial meal replacement to aid in appropriate energy balance, promotion of nutritious
eating, and/or energy intake counselling, did not result in a statistically significant reduction
in the risk of GDM (RR 0.67 [95% CI 0.39, 1.15]) [46]. However, when intervention
effects were stratified by BMI across three trials, a significant reduction in the risk of GDM
was evident in women having overweight or obesity (RR 0.40 [95% CI 0.18, 0.86]). With
the inclusion of five additional trials and another 2079 individuals, a 2018 meta-analysis
(m=3388) observed that diet-only interventions were effective in reducing GDM risk (RR
0.56 [95% CI 0.36, 0.87]) [47] (Table 1). However, in studies that specifically included

or stratified women having overweight or obesity, diet interventions no longer produced a
significant reduction of GDM risk. In this case, the authors surmised that diet interventions
targeting weight reduction through decreased energy intake have been implemented too
late for those who enter pregnancy having overweight or obesity. Thus, findings from

these meta-analyses suggest that previous trials did not result in a physiologically relevant
attenuation of GWG to lessen GDM risk. Although findings from the Rogozinska et al
(2015) [46] and Bennett et al (2018) [47] meta-analyses differed when examining GDM
risk stratified by BMI, it is important to note that compared with Rogozinska et al [46],
who focused on dietary manipulation as a treatment to prevent GDM, Bennett et al [47]
included intervention trials focused on appropriate GWG as the primary outcome with
prevention of GDM as a downstream benefit. These study results identify an opportunity
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to test the efficacy of preconception and/or early pregnancy interventions in women with
high pre-pregnancy BMI. Similarly, future studies are needed to understand whether other
individual-level characteristics can explain the heterogeneity of GDM risk reduction in
response to diet interventions.

Physical activity interventions

Unstructured (i.e. free-living) and structured (i.e. exercise) physical activity has been shown
to improve glucose homeostasis through robust effects on insulin sensitivity. This is a direct
result of attenuated insulin resistance and increased skeletal muscle glucose disposal via
increasing fat-free mass over time [29]. These mechanisms are why physical activity is often
prescribed to prevent and treat non-pregnant individuals at risk of developing type 2 diabetes
[48]. Thus, exercise and other physical activity interventions have been hypothesised to have
the potential to reduce GDM risk.

A 2018 meta-analysis of 26 trials (/7/=6934) confirmed previous evidence suggesting that
prenatal exercise-only interventions significantly reduced the odds of GDM incidence (OR
0.62 [95% CI 0.52, 0.75]) [49]. In the same year, a separate meta-analysis of only ten

trials (7=2981) supported these results (RR 0.62 [95% CI 0.50, 0.78]) [47] (Table 1).
However, they also reported that, in those studies specifically including or stratifying women
having overweight or obesity, physical activity interventions did not produce a significant
reduction in GDM risk [47,50]. The difference in the number of included trials was due to
Davenport et al [49] specifically focussing on GDM RCTs, while Bennett et al [47] included
RCTs focused on reducing GWG with GDM incidence as a secondary outcome. In the
following year, a meta-analysis of eight trials limited to pregnant women having overweight
or obesity (7=1441) found that, while exercise interventions alone did not have a significant
effect on reducing GDM incidence, incidence was 24% lower among those in the exercise
intervention group compared with standard care group (RR 0.76 [95% CI 0.56, 1.03]) [51]
(Table 1). Therefore, physical activity interventions may have differential impacts depending
on pre-pregnancy body weight status, or current effect size estimates might be limited by
the number of trials and population sample sizes. Others have also speculated that the lack
of efficacy in women having overweight or obesity was due to an inability to limit excess
GWG throughout physical activity interventions [47]. Notably, a preconception weight loss
trial in women with prior GDM diagnosis is currently underway to establish if a behavioural
intervention, which incorporates physical activity, may be effective in reducing the risk

of GDM during a subsequent pregnancy [31]. Further research is needed to understand if
individuals with other specific characteristics or risk factors can differentially benefit from
prenatal exercise interventions.

Regarding the physical activity prescription, several identified components of such
programmes have the potential to reduce GDM risk [52]. These include exercise bouts of 40
to 60 min performed at least three times per week at a moderate intensity, including aerobic
exercise, resistance training or a combination of modalities; completion of at least 80% of
the prescribed bouts; and initiating the programme as early as possible during pregnancy.
Finally, maintaining a pre-pregnancy physical activity routine throughout pregnancy was
also shown protective against GDM [29], especially in those having overweight or obesity.
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Behavioural and multi-modal interventions

Social cognitive theory models have been found to benefit weight control in pregnant
populations [31]. Interventions that have been developed according to behaviour change
theories are able to capitalise on the ever-changing intersection between the individual and
environment. These interventions commonly reinforce behaviour change techniques such
as goal setting, self-monitoring and self-regulation skills to create sustained behavioural
changes. A recent systematic review of 43 studies (7=19752) by the United States
Preventive Services Task Force investigated prenatal behavioural interventions aimed to
foster appropriate GWG [35]. Most of these interventions were multi-modal interventions
which consisted of at least one structured element (e.g. supervised exercise, prescribed
exercise, dietary recommendations or programmes, or intensive weight management) in
conjunction with behavioural counselling, or behavioural counselling only. Almost all of
the included trials tested interventions initiated during pregnancy. However, two trials
were initiated prior to pregnancy. These trials focused on either reducing GDM risk or
pre-pregnancy weight loss. Provider-patient interactions within the interventions ranged
from fewer than two contacts (low-intensity) to greater than 12 (high-intensity), with
3-11 contacts considered moderate-intensity. The task force reported that multi-modal
interventions were significantly associated with lower GDM risk (RR 0.87 [95% CI 0.79,
0.95]) (Table 1). In stratified analyses, there were no statistically significant effects of
the interventions on GDM risk by BMI category (RR 0.80-0.90 [95% CI 0.65, 1.50] for
all weight category stratifications). However, notably, the trials with the highest efficacy
were those that were moderate-to-high intensity or required >3 patient contacts. Of note,
the glycaemic thresholds for GDM diagnosis varied among the reviewed trials. Although
a stratified analysis to test the timing of the intervention was not conducted, the authors
discussed that the time of intervention implementation and outcomes ascertainment may
have impacted the findings.

Several analyses have evaluated whether dietary or physical activity interventions alone

or combined in a multi-modal approach differentially affect risk for GDM. In a 2015
meta-analysis of 13 RCTs (/7=4745) testing the efficacy of diet and lifestyle component
interventions, GDM incidence rates were found to be lower in the intervention group
compared with a control group, but the effect was not significant (RR 0.95 (95% ClI

0.89, 1.2]) [46] (Table 1). These findings were corroborated in a 2018 meta-analysis with
six additional RCTs (r#=7724) testing the efficacy of combined diet and physical activity
interventions (RR 0.90 [95% CI 0.77, 1.05]) [47] (Table 1). Although the multi-modal
approach of enhancing diet quality and increasing physical activity should logically reduce
GDM, it remains unclear as to why this is not the case. One group postulated that
interventions with multiple components implemented in tandem may be overwhelming for
patients and, therefore, not sustainable [47]. Moreover, focusing on one type of behaviour
(diet or physical activity), with supervision and frequent visits with a counsellor or medical
professional, was also previously suggested [35]. As individuals are undergoing pregnancy-
related stress and physical duress, Bennett et al suggest that the addition of too many major
lifestyle changes could induce an effect opposite to that intended [47].
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Further research is required to investigate if multi-modal interventions produce a significant
reduction in GDM risk when implemented pre-conception. As mentioned previously, diet
and/or physical activity interventions, alone or in combination, seem to be less effective in
reducing GDM risk in those having overweight or obesity compared with normal weight
[53]. However, these findings remain speculative as others suggest a protective effect of
diet interventions in women having overweight or obesity [46]. As such, multi-modal
approaches in this population need to test if this is due to intervention timing, or if the
specific goals within each component need to be more precisely prescribed. However, these
types of programmes may need to be bolstered by increased individual-level counselling
opportunities in order to be successful, as the need for professional advice and support
during this period is critical.

Limitations of past GDM prevention trials

The Finnish Gestational Diabetes Prevention Study (RADIEL) trial established that
inclusion of individualised counselling for diet, physical activity and weight control from
trained study nurses, in addition to one group meeting with a dietitian, reduced GDM
incidence compared with usual care (13.9% vs 21.6%) [54]. Current literature is limited in
testing the impact of increased provider contacts. Secondary data analyses in future trials to
stratify GDM risk by number of contacts, or the inclusion of individual-level prescriptions
for the intervention components, may prove beneficial.

Most RCTs have not tested the efficacy of preconception interventions or implemented
interventions earlier in the pregnancy, such as prior to 8-12 weeks gestation. A 2019
systematic review identified two studies that initiated a structured physical activity
intervention between 10 to 14 weeks of gestation [55, 56, 57] as compared with the more
common 16 to 20 weeks of gestation in other trials (Table 1). These ‘early pregnancy
intervention’ trials were effective in reducing GDM risk (OR 0.10 [95% CI 0.01, 0.80]) [56]
and GDM incidence (22.0% physical activity intervention vs 40.6% standard care; p<0.001)
[57]. Earlier intervention initiation allows for longer programme involvement and provides
more opportunities for counselling and activity sessions to be completed.

To date, GDM prevention interventions have been predominantly rigid in their prescription
throughout the entirety of their prescribed programme. Past trials have not yet fully
capitalised on real-time monitoring of behaviour change that is now possible through
e-health technology and wearables. In the weight management and type 2 diabetes

arena, interventions are increasingly designed to adjust intervention delivery based on

the individual-level engagement and response. These just-in-time adaptive interventions
(JITAIS) rely on near real-time collected objective or subjective information. Using this
information, an a priori decision tree can tailor and retailor the intervention to each
individual. These novel approaches can leverage technologies and wearables, such as
continuous glucose monitoring (CGM), and other mobile technologies or applications (apps)
collecting and capturing real-time diet and physical activity to evaluate intervention effects
on glycaemic control. Based upon these individual-level data, rapid and direct feedback can
be channelled to support behaviour changes more strongly in those individuals with the

Diabetologia. Author manuscript; available in PMC 2024 April 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sparks et al. Page 8

highest need. As such, JITAIs are effective for weight management in non-pregnant women
[58] and show promise in pregnant women with type 1 diabetes [30].

The future for GDM prevention

Upon reviewing this body of literature, several key questions remain. That is, (1) how can
we determine those who would benefit most from GDM prevention interventions; (2) when
should interventions be initiated; (3) how can we optimise interventions to the needs and
physiology of each individual; and (4) how can interventions be continuously adapted based
on individual-level response?

Future opportunities for individualised intervention prescriptions

The individual RCTs and meta-analyses demonstrate that there is a critical need to transition
from the one-size-fits-most approach for diet and physical activity recommendations during
pregnancy to a personalised approach that considers individual-level risk factors, behaviours
and socioeconomic situation. Although RCTs included in the previously described meta-
analyses varied in their specific approach, most were based on pre-defined diet and physical
activity recommendations. Diet and GWG guidelines have recently improved upon their past
recommendations with more specific guidance on energy needs and weight gain by BMI
class and by trimester [33, 59]. However, energy intake is not necessarily reflective of diet
quality, and other research suggests that energy balance might not be a contributor at all
[60]. Some individuals may need fewer adjustments to their lifestyle to achieve optimal
preghancy outcomes. When considering the individuality of each pregnancy and results of
recent RCTS, it is apparent that there is ambiguity in what constitutes the most effective diet
and physical activity practices.

Effective interventions require knowledge of individual-level risk. Early pregnancy
screening is thereby needed to understand if a person has a low, moderate or high

risk for developing GDM. Risk prediction tools should consider a wide range of

clinical characteristics and physiological measures such as glucose metabolism and insulin
sensitivity, and include novel biomarkers from metabolomic, genetic and microbiome studies
(Fig. 1). Although there is currently insufficient evidence to support that screening and
treatment for GDM starting in early pregnancy is beneficial, effective algorithms using
early pregnancy risk factors to predict who may develop GDM will help target approaches
to reduce risk of GDM development and, in turn, pregnancy, birth and postpartum
complications. Such risk prediction tools can be paired with lifestyle intervention RCTs.
Together, clinicians can begin to understand how different intervention approaches can
benefit individuals based on their risk profiles (Fig. 1). For example, if an individual

has a high-stress job, sedentary lifestyle, and already consumes a healthy diet, the tool
may consider these factors, along with physiological characteristics, to predict that the
most potent mode to reduce GDM risk would be through a structured physical activity
intervention (Fig. 1). After identifying the appropriate intervention strategies, monitoring
individual-level responses to the intervention is the next critical opportunity for future
research (Fig. 2). For example, if CGM demonstrates a positive glycaemic response to

an exercise intervention, the intervention could be further adapted to refine the exercise
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dose, modality and intensity (Fig. 2). This JITAI approach should be approached iteratively.
In addition to CGM, JITAIs based on multi-modal interventions would benefit from real-
time information input from other Bluetooth-connected devices such as scales for weight
monitoring, wearables for physical activity and sleep tracking, and other self-monitoring
mobile applications (e.g. diet trackers). Through real-time provision of information to the
individual and simultaneous viewing by the clinician, these technological advancements
offer the exciting ability to tailor the intervention to each individual and throughout

the duration of the programme (Fig. 2). Each of the feedback mechanisms, including

body weight, CGM, physical activity and dietary behaviours, may present challenges

in interpretation due to an overload of data received. If interventions include content
specialists, are properly prescribed, and educational opportunities are effectively provided,
this presents a greater opportunity for intervention success. Additionally, with the advent
of artificial intelligence technologies to interpret abundant amounts of data, in addition to
proper counselling targeted to individual goals, we may further overcome these challenges
and enhance intervention efficacy.

Finally, as new diet and physical activity JITAls are developed with the goal to target
individual-level risk, other factors such as psychological readiness to change, access to food,
and cultural food choices will need to be addressed to ensure future programmes can benefit
everyone [61].

Future opportunities for earlier interventions

Most pregnant individuals learn of their pregnancy and enter prenatal care between 8 to

12 weeks gestation [62], and GDM testing occurs at around 24 weeks gestation [63]. In
previous RCTs, most pregnant individuals did not commence interventions before 16 weeks,
often to up to 20 weeks gestation (Table 1). This leaves a missed window of opportunity to
engage individuals in appropriate behaviours earlier in pregnancy (i.e. prior to the shift from
a period of high insulin sensitivity to increased insulin resistance) or preconception. Shorter
interventions limit the time in which improvements to modifiable risk factors can occur
[64]. However, starting interventions in the preconception period is complicated by many
logistic challenges; most pregnancies are ‘unplanned’ [65] and, even if planned, in America
and European countries few couples consult health providers prior to pregnancy [66].
Furthermore, uncertainty exists as to how preconception interventions, particularly those
leading to rapid weight loss, may impact the placentation process [67]. Some behavioural
change interventions prior to pregnancy have proven effective in improving offspring
outcomes [68]. However, the list of interventions is relatively short, and they primarily
focus on diet supplementation [68] with few focussing on behavioural counselling to achieve
optimal pre-pregnancy weight [69]. Of note, several preconception trials testing reduction

in GDM risk are ongoing [31,32]. Additionally, the National Institutes of Health (NIH)
recently released a call for grant applications centred on pre-pregnancy care (NOT-HD-19-
019). With increased recognition of the importance of trials during preconception, the field
is working towards understanding the optimal time of implementation [70,71].
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Conclusion

Funding

There are a multitude of modifiable and non-modifiable risk factors that influence GDM
risk, and each should be given their respective mechanistic consideration when developing
strategies for prevention. To advance the field, future interventions should test whether

the timing of programme initiation matters and seek to understand if there are differential
effects based on specific individual-level risk profiles or phenotypes. As such, the future

is positioned to take advantage of emerging technology that promises to evolve the notion
of precision prescription and precision prevention of GDM. Once a deeper understanding

of the specific individual-level determinants to GDM risk are elucidated, interventions may
be prescribed and adapted based on other considerations, such as socioeconomic disparities
and access to care. Within the emerging field of precision prevention for GDM we propose
that imminent opportunities for advancement include: (1) the development and validation of
algorithms to accurately predict GDM risk; (2) using GDM risk to design new intervention
approaches and to develop prediction models of intervention response; and finally (3),
develop modern JITAI that incorporate innovative technologies to continuously assess the
individual-level intervention response to adapt intervention approaches in real-time to ensure
success against GDM development.

MFH was supported by an American Diabetes Association Pathways Award #1-15-ACE-26. NG was supported
by a grant from the National Institute of Health (RO1HD094150). LMR and JRS are supported in part by R01
NR017644, R01 DK124806.

ABBREVIATIONS

CGM Continuous glucose monitoring
GDM Gestational diabetes mellitus
GWG Gestational weight gain

JITAI Just-in-Time Adaptive Interventions
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Research In Context

What is already known about this subject?

GDM is a highly prevalent pregnancy-related endocrinopathy.

Previous trials have been largely unsuccessful in reducing risk of
GDM development.

Recent systematic reviews and meta-analyses have highlighted that
specific modifiable and non-modifiable risk factors may be key in
understanding how to prescribe lifestyle intervention to reduce GDM
risk.

What is the key question?

How do we improve interventions to reduce GDM risk?

What are the new findings?

Specific risk factors such as prior diagnosis of GDM and having
overweight/obesity play a key role in GDM development.

Initiation of interventions prior to pregnancy have been challenging
but present an avenue for limiting future GDM risk.

Intervention intensity, such as mode and clinician contact, and
modification using just-in-time adaptive intervention (JITAI) designs
may prove effective to limit GDM risk.

How might this impact clinical practice in the foreseeable future?

Using prediction algorithms to identify those with the greatest risk
for GDM development earlier, such as before conception, may help
to determine who benefits most from lifestyle approaches.

Adapting lifestyle approaches based on real-time feedback allow for
clinicians to better support behaviour changes in women at risk for
GDM.
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Questions that remain

How can we determine those who would benefit most from GDM prevention
interventions?

When should GDM prevention interventions be initiated?

How can we optimise GDM prevention interventions to meet the needs and
physiology of each individual?

How can GDM prevention interventions be continuously adapted based on
individual-level response leveraging real-time feedback?
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Fig. 1.
Opportunities for precision prescription of GDM. Careful and extensive phenotyping of

people early in pregnancy can be used in future studies to develop prediction algorithms

of GDM risk and to more precisely prescribe a GDM prevention plan. Jane Doe’s
physician gathers her clinical and epidemiological traits (shown in red). The Precision GDM
Prediction Algorithm uses these modifiable and non-modifiable risk factors to predict her
probability of developing GDM. It turns out, Jane is at moderate-to-high risk of developing
GDM. She would benefit from earlier screening and a moderate-to-high-intensity lifestyle
intervention. Jane has a high-stress job and lives in a big city. She does not have access

to green space nearby. While she does her best to eat healthy, her work hours have led

to a sedentary lifestyle. Based on these and other factors, the Precision GDM Response
Algorithm predicts Jane would respond best to a structured physical activity (exercise)
intervention at a local gym with an exercise specialist. This figure is available as part of a
downloadable slideset
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Fig. 2.
Opportunities for precision prevention of GDM. Future interventions serve to benefit

from a multitude of emerging e-health devices and tools which provide an objective
assessment of health and behaviours in near real-time. Using a just-in-time adaptive
approach, interventions can adapt to the response of each person in real-time to maximise
an individual-level response. As Jane Doe begins her prescribed exercise intervention, she is
provided with wearables (activity tracker), CGM and other e-health technologies (Bluetooth
scale and diet tracker app). She is coached on how to interpret these health outcomes and
behaviours on the basis of her exercise prescription. This information is simultaneously
transmitted to her clinician, who provides personalised feedback. These metabolic responses
and health behaviour information help clinicians determine how to adjust the intervention
intensity and mode to allow for improved GDM risk and future pregnancy, birth and infant
outcomes. This figure is available as part of a downloadable slideset
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GDM prevention intervention studies: summary of meta-analyses

Table 1
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weight management), or
interventions consisting of
counselling only

>18.5)

Author, year Exposure Population Trials | n Comparison group EE (95%
Dietary
Rogozinska et al, Diet-only based Both high- and low-risk 6 1309 Interventions vs .67 (0.39,
2015 interventions women control groups 1.15)
Diet-only based International, pregnant Interventions vs .56 (0.36,
Bennett et al, 2018 interventions women 1 3388 control groups 0.87)
Physical activity
Exercise-only
interventions that
Davenport, et al m,eg;?gggfeugjnigﬂx‘f Pregnant women with no 2% 6934 Interventions vs .62 (0.52,
: ] n . 2
2018 of frequency, intensity, contraindication to exercise control groups 0.75)
duration, volume or type
of exercise only
Healthy pregnant women
Sanabria-Martinez : who had low physical Interventions vs .69 (0.52,
et al, 2015 Exercise programme activity levels or were 13 2873 control groups 0.91)
sedentary
Nasiri-Amiri et al, . . Obese or overweight Interventions vs .76 (0.56,
2019 Exercise activities pregnant women 8 1441 control groups 1.03)
- L International, pregnant Interventions vs .62 (0.50,
Bennett et al, 2018 Physical activity women 10 2981 control groups 0.78)
Multi-modal/
behavioural
Rogozinska et al, Diet and lifestyle Both high- and low-risk 13 4745 Interventions vs 0.95 (0.89,
2015 approaches women control groups 1.2)
Dietary and physical International, pregnant Interventions vs .90 (0.77,
Bennett et al, 2018 activity components women 19 i control groups 1.05)
Interventions that could
contain a counselling
component (supervised or | Women who were pregnant
prescribed exercise or or planning a pregnancy, Interventions vs .87 (0.79,
Cantor et al, 2021 dietary programmes, or with normal weight (BMI 43 19,752 control groups 0.95)

aEffect reported OR
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