
Recurrent gestational diabetes: Breaking the transgenerational cycle with lifestyle modification

Abstract

Purpose: This literature review is aimed at examining the benefits of lifestyle modifications to in preventing recurrent gestational diabetes (GDM). Worldwide GDM affects approximately 16.2% of all pregnancies with significant maternal, fetal and neonatal complications. Almost two thirds of pregnant women with GDM will develop type 2 diabetes mellitus (T2DM) in the years following pregnancy. The proportion of women affected by GDM is on the rise and reflects increasing trends in T2DM as well as adult and childhood obesity.
Methods: Using pre-defined subject headings, we searched for relevant articles from the PubMed, Scopus, and Cochrane databases.
Results: For high-risk women lifestyle modifications such as dietary and exercise changes are the mainstay of treatment to reduce negative outcomes for both women and their pregnancies. This includes reducing the incidence of recurrent GDM and future T2DM by intervening during pregnancy and in the postnatal period. 
Conclusion: This review provides an overview of the literature to date, discusses different targeted approaches and how these interventions can optimise their benefits, and where further research is required.

Keywords: pregnancy, gestational diabetes, diabetes mellitus, obesity, lifestyle modifications












Introduction 

Gestational Diabetes Mellitus (GDM) is a state of glucose intolerance diagnosed during pregnancy and occurs secondary to pancreatic β-cell dysfunction and insulin resistance during pregnancy [1]. GDM affects approximately 16.2% of pregnancies worldwide, with variation among geographical location, ethnicity, and other baseline characteristics [2]. In the last two decades the global prevalence of GDM has grown by an estimated 30% and mirrors that of Type 2 Diabetes Mellitus (T2DM) and obesity [3, 4]. Furthermore, women with GDM are also at an increased risk of developing recurrent GDM, T2DM and cardiovascular disease later in life [5, 6]. It is well established that GDM is associated with a greater risk of pregnancy complications such as hypertension, induction of labour, caesarean births, perineal trauma, prolonged hospital admission and mortality for the mother, as well as fetal and neonatal risks of shoulder dystocia, stillbirth, macrosomia, neonatal hypoglycaemia, and neonatal intensive care admission [7-9].  More recently, there is an increased interest in the impact of GDM on the health of the offspring and several epigenetic studies have suggested that it is associated with an increased risk of future childhood obesity and cardiovascular disorders [10-12]. Even though a direct causal link to long-term negative maternal and offspring health outcomes has not been fully established, it is likely that non-intervention in the growing numbers of women experiencing GDM will ultimately contribute to an intergeneration cycle that may be contributing to the global diabetes and obesity pandemic [13].

Lifestyle interventions available to women during pregnancy 
Once GDM is diagnosed, first line management comprises of lifestyle modifications, which include changes to diet and physical activity [14]. These modifications are aimed at improving hyperglycaemia in pregnancy and modifying neonatal and maternal risks. In addition, they also have the potential to delay the onset and/or prevent the development of recurrent GDM and T2DM [15, 16]. Dietary interventions in GDM mainly focus on achieving a low glycaemic and low saturated fat diet that aim to reduce postprandial blood glucose levels and reduce gestational weight gain, while exercise interventions are aimed at increasing glucose uptake and insulin sensitivity in skeletal muscle [17, 18]. A Cochrane Review published in 2017 showed that lifestyle interventions reduced the number of large for gestational age (LGA) offspring and neonatal adiposity but had no other significant impact on maternal or offspring outcomes [19]. However, the authors stressed the poor availability of high-quality evidence. A subsequent 2018 Cochrane overview that analysed 14 Cochrane systematic reviews, found that lifestyle interventions as a whole (including minimum healthy eating, physical activity and self-monitoring of blood sugar levels) showed possible health improvements for mothers and their babies by ensuring better maternal glycaemic control and reducing the number of large babies [20].  However, they concluded that there is insufficient evidence to support the use of a specific nutritional regime for women with GDM [20]. Data from T2DM shows that serum glucose concentrations can be significantly reduced by modifying the type of carbohydrates ingested to include fewer starches [21]. This in combination with a higher proportion of protein, which increases insulin secretion, and fats, which also affects insulin secretion and modifies the absorption of carbohydrates, also help to reduce maternal hyperglycaemia [21]. In fact, a 30:40:30 ratio of carbohydrate, protein and fat is associated with lower 24-hour glucose and glycosylated haemoglobin when compared with a 15:55:30 ratio [21]. Unsurprisingly then, dietary advice given to patients with T2DM is often also used to direct nutritional advice for patients with GDM. The German Diabetes Association advises that 40-50% of energy is derived from carbohydrate, 20% from protein and 30-35% from fat, while the older 2009 Australian guidelines for T2DM recommended a carbohydrate 50%, protein 10-20%, fat 30% meal composition [22, 23]. The US Academy of Nutrition and Dietetics guidelines advises a minimum of 175 grams of carbohydrate per day [24]. However, the volume of carbohydrate will also depend on other factors such as physical activity levels, appetite, pre-pregnancy body mass index (BMI). In the UK pregnant women with GDM are advised to exercise regularly, aiming to complete at least 150 minutes of moderate intensity exercise per week, as is also recommended by the American College of Obstetrics and Gynecologists [25-27]. Both dietary and exercise interventions also aim to reduce significant gestational weight gain as this is a key risk factor in the development of GDM. The Institute of Medicine recommends 12.5-18.0kg weight gain for women with BMI <18.5kg/m2, 11.5-16.0kg for women with BMI 18.5-24.5kg/m2, 7.0-11.5kg for women with BMI 25-29.9, 5.0-9.0kg for women with a BMI >30kg/m2 [28]. 

I. Dietary interventions
In their review, Han et al discussed that the total amount of dietary carbohydrate has not been shown to have a significant impact on blood glucose levels in GDM [29]. However, low glycaemic index foods have been shown to help reduce postprandial blood glucose levels and HbA1c in diabetes mellitus [17]. Modifying nutritional composition with higher protein and fat content to reduce serum glycaemia is also associated with a lower glycosylated haemoglobin [21]. In the Cochrane overview of Cochrane systematic reviews published in 2020,  which included 19 trials with different combinations of diet and exercise in GDM, no difference was observed in maternal and fetal outcomes except for in two small trials that showed a reduction in women having caesarean sections when using the Dietary Approaches to Stop Hypertension (DASH) diet [30]. The DASH diet recommends increased vegetable and fruit intake, and eating low-fat diary, high HDL fat food and lean meats to reduce saturated fats. Although the DASH diet has been found to reduce blood glucose levels and insulin resistance, larger studies are needed to examine its impact on GDM outcomes. An alternative is to significantly restrict all carbohydrate intake. In general, energy-restrictive diets are often not advocated due to concerns surrounding SGA but there is no clear evidence that supports this notion with specific restricted diets currently used in GDM [31-33]. However, most studies have not yet investigated extremes of carbohydrate restriction. SGA is a concern in diet restricted patients and bariatric surgery patients are a good example of this, but one must remember that their nutritional demands are usually more significantly affected beyond pure energy restriction [34, 35]. Interestingly, Han et al do noted that one trial observed more neonatal hypoglycaemia with energy-restricted diets. 

Pre-pregnancy dietary interventions, especially the Mediterranean diet, which consists of a high consumption of vegetables and olive oil and moderate consumption of protein, may be more effective at reducing the risk of GDM [36]. The St Carlos GDM study also demonstrated a reduction in the incidence of GDM with an intervention of Mediterranean diet and supplemental extra virgin olive oil (EVOO) and pistachio nuts [37]. Although this study examined women with a BMI <25Kg/m2, the intervention when started earlier in pregnancy compared to other large dietary intervention studies was still beneficial. Furthermore, the ESTEEM trial has also recently demonstrated a reduction in the odds of developing GDM through a similar intervention but included women with a BMI >30 Kg/m2 [38]. Both study groups hypothesise that dietary polyphenols may aid in reducing insulin resistance. Dietary polyphenols, and in particular flavonoids, are lauded as a bioactive component of plant-based foods that have anti-oxidative properties [39]. Research to date suggests that polyphenols have widespread protective effects one of which is to modulate gene expression of inflammatory pathways as well as those involved in insulin sensitivity [40-43]. Another potential mechanism of action may be the reduction of gestational weight gain (GWG) resulting in a lower incidence of GDM, consistent with other lifestyle interventional studies. Further work is still required to determine the mechanism of action by which a Mediterranean diet is beneficial. The UPBEAT trial, reported that processed foods and Afro-Caribbean dietary patterns, which were defined as a higher intake of cassava, red and white meat, rice, plantain, and fish, were associated with an increased risk of GDM [44]. As a result, dietary interventions should be aimed at reducing processed food and snack intake. Furthermore, the SPRING trial showed that probiotics aimed at altering the gut microbiome had no impact on the incidence of GDM and other maternal and offspring outcomes, apart from a significant increase in SGA offspring in the study arm  [45]. Despite the positive findings in a small number of trials using the Mediterranean diet as an intervention, there is a lack of consensus that dietary interventions alone can improve outcomes in GDM pregnancies. 

II. Exercise interventions
Two thirds of women with previous GDM have been reported to be physically inactive, which suggests that this is a potential target area for health improvement strategies [46]. Analysing the effects of exercise alone in the literature is difficult since most clinical interventions for GDM use a combination of diet and exercise. In addition, some authors have also suggested that the impact of exercise-only interventions in women with GDM is difficult to establish due to either the anticipation of poor compliance issues or the perceived lack of importance of exercise in GDM [47]. The Cochrane summary of their systematic reviews from 2020 notes that there is a suggestion that exercise alone is beneficial, but the data was not statistically significant [30]. However, combined with diet changes there was a RR reduction of 15% (RR 0.85, 95% CI 0.71 to 1.01), although not statistically significant [30].

As a GDM prevention strategy though, exercise is a proven intervention. There are studies demonstrating that exercise can reduce the incidence of GDM in pregnancy. Barakat et al trial of 456 women investigated the effects of moderate intensity exercise three days per week from early pregnancy, and the Exercise Training and Weight Gain in Obese Pregnant Women (ETIP) trial of 91 women used moderate exercise and strength training three-times per week [48, 49]. Both studies excluded women with GDM or with history of previous GDM. Their findings showed significant reductions in GDM in the exercise groups with Baraket et al reporting a OR 0.60 (CI 0.39-0.92) and the ETIP trial reporting an OR 0.10 (CI 0.02, 0.95) [48, 49]. However, it should be noted that in the ETIP trial, statistical significance was lost if the updated criteria for GDM diagnosis were used as opposed to the 2009 WHO criteria [48]. The authors also propose that the use of supervised exercise could explain this positive finding. However, they note the risk of type one statistical errors associated with the low study number of 38 in the intervention arm and 36 in the control arm.

Other studies have reported similar findings [50]. Wang et al found that a 90-minute per week cycling programme initiated in early pregnancy reduced the incidence of GDM in overweight and obese women [51]. Kokic et al found postprandial glucose levels were significantly reduced in women with GDM who undertook a twice-weekly 50-minute exercise programme, but there were no other significant improvements in maternal or neonatal outcomes [52]. A systematic review by Harrison et al reported a similar improvement in postprandial blood glucose [53].

Most studies to date, including those presented above, have either examined the effects of exercise and combined diet/exercise interventions on preventing GDM in the index pregnancy, often excluding women with GDM in their current pregnancy or with previous GDM, or improving outcomes in a pregnancy with GDM. However, prevention of recurrent GDM with exercise has not been clearly demonstrated and remains an important area of research that requires more attention. For example, Guelfi et al found in an RCT of 172 women that a supervised home-based exercise programme did not prevent recurrent GDM [54]. Irrespective, the NHS diabetes prevention programme is now open to women who have had gestational diabetes in an effort to prevent them developing T2DM, and the programme includes physical exercise alongside other lifestyle interventions.

III. Combined exercise and diet interventions
Several systematic reviews and RCTs have been published but they vary in their measured outcomes and conclusions. Guo et al in 2019 conducted a meta-analysis and meta-regression of 47 RCTs that used early intervention in high-risk groups with the aim of preventing the development of GDM and found that when all intervention types were pooled, there was a significant reduction in GDM [55]. Similarly, this finding was also reported by Song et al in an earlier meta-analysis of 29 RCTs investigating early intervention in pregnancy [56]. Interestingly, both studies concluded that pre-pregnancy BMI did not significantly determine the risk of GDM and that considering intervention types separately showed no significant impact on GDM risk. In contrast, Bennet et al performed a meta-analysis of 37 studies investigating interventions to reduce gestational weight gain in GDM and concluded that dietary and exercise changes, when stratified for BMI, significantly reduced the risk of GDM [57]. However, they did not investigate pooled changes. All three reviews agreed that interventions beginning earlier in pregnancy showed a greater degree of effectiveness. RCTs of key importance include the RADIEL trial, which demonstrated that a combined lifestyle intervention involving individualised diet advice with group dietician input and counselling on exercise, was effective at reducing the incidence of GDM [58]. The authors suggested that the recruitment of women at high risk (BMI 30 >kg/m2) and early in pregnancy (<20 weeks of gestation), as well as the use of experienced lifestyle counsellors as the key reasons for their success. Interestingly the Norwegian Fit for Delivery RCT, which involved twice weekly group exercise interventions and two consultations on diet, did not replicate the results by Bennett et al, and this may be due to the inclusion of women with a BMI >19kg/m2 and a lack of stratification for different BMI groups. As a result, 70% of women were either underweight or normal weight thus their findings suggest that interventions among these women may not be as effective [59]. In addition, in an RCT of 306 women with risk factors for GDM, Chan et al found that an intervention of face to face exercise and dietary consultations, were more effective in those with a higher BMI [60, 61] but O’Brien et al further highlighted the lack of data examining the effect of lifestyle interventions in women with a normal BMI [62].  

In a direct comparison of combined diet and exercise vs. diet alone vs. exercise alone (dietary interventions included portion size control and reduced carbohydrate intake, exercise interventions included both aerobic and resistance exercise) for women at high-risk for developing GDM due to their BMI (≥29 kg/m2), the European DALI multi-centre pilot RCT found that only a combined intervention was able to reduce gestational weight gain (GWG) [63]. However, none of the interventions showed any significant impact on blood glucose levels and GDM incidence [63]. Although both the DALI study and RADIEL study both included women with a BMI >25 kg/m2, the difference between their findings may be due to the inclusion of women with previous GDM in the RADIEL study. The findings from all these studies indicate that no clear conclusion can be drawn on whether combined lifestyle interventions are effective at reducing GDM, whether they should be targeted at women with a higher booking BMI or those with previous GDM. 

Do lifestyle interventions prevent the development of recurrent GDM and type 2 diabetes later in life?

GDM has been associated with a 70% rate of recurrence and a seven-fold increased risk of developing T2DM later in life [64, 65].  Key observational data from the Diabetes Prevention Program (DPP) and the 10-year follow-up study, suggested that a lifestyle intervention in post-partum women, involving individual coaching and supervised exercise up to 150 minutes per week, was effective at reducing the number of women who went on to develop T2DM long term [66]. In a recent meta-analysis  by Pedersen et al, the authors examined  4 RCTs with lifestyle modifications, mostly involving 150 minutes of moderate-intensity exercise per week and a reduction in high fat and high calorific food, and found that although each RCT individually did not demonstrate a reduction in T2DM, when pooled together these studies show that post-partum lifestyle changes appeared to be better than providing no intervention at all, and that interventions beginning more than 6 weeks post-partum appeared to be more effective  [67]. Goveia et al reviewed 8 studies with a range of interventions including a mixture of in person, remote, exercise only and combined and concluded that post-partum lifestyle interventions led to a 25% reduction in the risk of diabetes following GDM, with a greater effect if interventions were started 6 months post-partum  [68]. Furthermore, a meta-analysis by Li et al in 2020, examining 15 RCTs with low heterogeneity, found that interventions during pregnancy had a small or insignificant impact on diabetes development risk but found that interventions within three years post-partum were associated with a 43% reduction in the development of T2DM [69]. This should encourage future studies to think of the post-partum period as an opportunity to positively influence maternal health and prevent the development of T2DM. 

Do lifestyle interventions in GDM pregnancies improve outcomes in offspring?
The Hyperglycaemia and Adverse Pregnancy Outcomes (HAPO) study in 2008 was a multinational observational study examining the effects of blood glucose levels on pregnancy outcomes. 25,505 pregnant women underwent a 75g OGTT. Importantly in 23,316 cases, clinical staff and patients remained blinded to the results of the OGTT (where serum glucose levels were < 5.8 mmol/L fasting and < 11.1 mmol/L at 2 hours post glucose challenge), and so they did not undergo any additional glucose testing or interventions. This landmark study demonstrated that a linear relationship between maternal glucose levels and risk of adverse pregnancy outcomes exists, even at levels below the pre-study thresholds for GDM diagnosis [11]. The OR of caesarean section birth, neonatal hypoglycaemia, LGA, shoulder dystocia and maternal pre-eclampsia were all significantly increased with increasing fasting plasma glucose.  The HAPO follow-up study demonstrated that GDM is associated with offspring adiposity and impaired glucose tolerance [70]. A recent Cochrane review in 2017, concluded that lifestyle interventions resulted in a statically significant reduction in LGA babies  [19]. However, recent systematic reviews have highlighted the poor reporting of offspring outcomes and the need for studies to include a longer follow-up period in order to determine whether lifestyle interventions impact offspring outcomes and that these findings may not translate into a reduction in childhood obesity or diabetes [71, 72].

Some recent studies have begun to examine the longitudinal impact of lifestyle interventions on offspring, such as the post-hoc analysis of the UPBEAT trial, which found a statically significant reduction in adiposity outcomes at 1 year follow-up of children born to mothers who were in the intervention arm of the study [73]. In contrast, a six-year follow-up of the VACOPP study, which involved two group advice sessions during pregnancy and yearly appointments within the child’s first 5 years, reported high levels of childhood obesity in offspring of women in both arms of the study [74]. Although the results of this study may have been affected by attrition bias, as there was a 44% dropout rate over the six years. These studies highlight the importance of understanding the mechanism of fetal, neonatal and childhood changes due to GDM. Potential mechanisms include fetal  epigenetics given the high level of obesity in both arms of the study [75] . Therefore, associative childhood genetic and epigenetic factors with obesity and detecting their presence in the neonatal period may provide a method of measuring the influence of maternal interventions. In a secondary analysis of the UPBEAT trial Antoun et al also found that offspring of mothers with GDM had higher levels of cord blood DNA methylation, and interestingly demonstrated that these were significantly affected by lifestyle interventions during the second trimester of pregnancy [76]. Future studies that attempt to establish if lifestyle interventions are effective in modulating offspring epigenetics might encounter barriers such as relocation of participants and parents finding it too demanding to bring children for blood tests, all of which can  impact on collection of study dataset [74].


Should lifestyle interventions start pre-conception or early in pregnancy?

Some recent systematic reviews have reported that lifestyle interventions may be more beneficial if women are targeted earlier in pregnancy. For example, Song et al found, in an RCT of 29 of moderate heterogeneity, an overall increase in effectivity of lifestyle intervention prior to 15 weeks’ gestation and that interventions beginning in the second trimester could be too late to have a meaningful impact on outcomes of GDM [56]. This could help explain why lifestyle interventions appear to have a limited effect on the incidence of GDM and key maternal and offspring outcomes in many RCTs that start later in gestation [19]. Further, it may be possible that up to 20% of GDM is ‘prevalent’ and present prior to pregnancy [77]. This is an important finding as it would suggest that pre-conception interventions may be required. Advice for women planning to conceive with pre-existing diabetes focuses on tight glycaemic control and constant glucose monitoring [14]. As pre-existing type 1 diabetes mellitus (T1DM) and T2DM have both been strongly linked with worse maternal and neonatal outcomes, advice strongly advises pre-planned and supported pregnancies [78]. Unfortunately, the feasibility of starting interventions in pregnancies prior 15 weeks or conception is challenging, as around 40% of pregnancies worldwide are unplanned [79]. 

The MAGDA trial, which involved a mixture of in person, telephone and group sessions for 284 women within the first year post-partum, suggested that yearly diabetes screening could be offered to women of a reproductive age to identify women developing pre-diabetes, and those at higher risk of developing GDM if they became pregnant [80]. The authors theorised a recent diagnosis of GDM may act as a motivational factor. The MAGDA trial found that only 10% of women enrolled in the lifestyle programme completed the programme and the poor compliance were mainly associated with women conceiving during the study [68, 69]. 

Mitanchez et al have suggested that a more fitting public health approach to breaking the transgenerational cycle of diabetes would be to target obese and overweight women of a reproductive age, who may be more at risk of developing GDM [71]. The authors showed reduced rates of LGA babies born to women who have undergone bariatric surgery for obesity when compared to women of the same BMI who have not undergone bariatric surgery suggesting that a proactive approach to obesity management pre-conception is the key to improving maternal and neonatal health. Unfortunately, once pregnant, diagnosing GDM and subsequently managing these patients can be difficult due to the higher incidence of both hyperglycaemic and reactive hypoglycaemic episodes in plasma glucose. Hypoglycaemia is thought to occur due to early postprandial insulin and an exaggerated Glucagon-like peptide 1 (GLP-1) secretion in these patients, which means they may not be suitable for a OGTT  [81, 82]. GLP-1 is a gut-derived peptide secreted from intestinal L-cells and it promotes insulin secretion but also inhibits glucagon secretion [83]. In a study looking at glycaemic control of women who had undergone a Roux-en-Y gastric bypass surgery, there was an association with postprandial hypoglycaemia during pregnancy and this was thought to be driven by GLP-1 [84]. Furthermore, hyperglycaemic spikes in these patients resemble those in GDM [85]. Therefore, management of pregnant women who have undergone bariatric surgery needs careful attention and further research.


Challenges of intervening during and shortly-after pregnancy

Pregnancy is often regarded as an opportune time to provide health interventions due to the frequent contact pregnant women have with health professionals and the general concern for the wellbeing of their children [86, 87]. However multiple barriers exist, including; childcare responsibilities, difficulties exercising later in pregnancy, lack of resources and knowledge of where to access help, difficulty adhering to dietary advice, stigma, feelings of guilt for dedicating time to oneself and the lack of tailored advice [88, 89], all of which  have resulted in poor adherence and recruitment. Recent feasibility trials have suggested the use of telehealth, including apps providing healthy recipes and exercise advice may be a more cost-effective and patient-focused option [90]. Some reviews have suggested family and community involvement, with more culturally sensitive interventions are a possible area for future work [91]. Further, Chan et al published successful retention rates with monetary rewards  [60] and Christiansen et al have suggested elements of gaming may be used for encouraging engagement  [87]. It is clear that there are significant challenges to conducting lifestyle intervention studies during and following pregnancy. There is a requirement for research aimed at understanding the factors that influence the ability of women to participate in a lifestyle programme so that these can be addressed to improve uptake and adherence.   It is important that all future research will involve women and the public in the design and development of future research to improve recruitment and adherence.

How can we make lifestyle interventions more effective?  

There is yet to be categorical agreement that lifestyle interventions during and following GDM pregnancies are effective at reducing the incidence of GDM, GWG, poor maternal and offspring outcomes with any certainty. Small study populations, heterogeneity between trial designs and interventions in the second trimester and beyond are all likely contributors [56, 71, 87]. More recently concerns have been raised regarding the appropriateness of outcome measures and the effectiveness of lifestyle interventions for all women with GDM and maternal and offspring adiposity may be better outcome measures than GWG and BMI [92-94].  Reviews focusing on GWG as a primary outcome may not report the incidence of GDM or the clinical outcomes for mother and offspring, which could be more instructive to further research.  Conversely, Guo et al have argued GWG is a useful measure of intervention intensity as it is causally linked with the risk of developing GDM and suggested  that a better risk evaluation model needs to be applied, rather than the crude use of pre-pregnancy BMI, given the other risk factors strongly associated with GDM3 [55]. 

Recently, the use of technology to empower women and encourage more personalised and community-based care has been shown to be effective and following larger trials will likely be shown to be more efficient as it seems that that  women favoured apps and personalised short message service (SMS) message [95]. Another recent meta-analysis,  also found that technology-based lifestyle interventions were successful at reducing GWG and postprandial blood glucose levels in GDM; with the key advantages of providing easy access to support and a personalised approach [91]. Furthermore, Interventions with a greater degree of personalisation have been shown to affect greater change [96]. For example, in a systematic review of lifestyle interventions, Jones et al note that the use of bilingual coaching, self- monitoring diaries and regular contact via phone or email was tailored for the post-partum period when in person interventions may be more challenging for patients to commit to [96].

A recent study found that the average number of women with GDM who would need to be treated with lifestyle interventions in order to prevent one case of GDM, was 88.5, with an average cost of £13,000 [97]. However, Goevia et al calculated that the number needed to treat in order to prevent one GDM case was 25 [68]. These disparities regarding the cost-effectiveness of lifestyle interventions require further work and a more targeted approach, for example for women with previous history of GDM. Due to the current burden of GDM on secondary care and the growing nature of this burden, it is likely that they will be cost-effective [98].


Impact of varying GDM diagnostic criteria on lifestyle intervention studies

In clinical practice there is wide variation in the screening and diagnostic criteria of GDM [99, 100]. In the UK the National Institute for Health and Care Excellence (NICE) guidance advises that women should be screened using a risk factor-based approach at their booking visit and then offered a 75g oral glucose tolerance test (OGTT) between 24 and 28 weeks of gestation if risk factors are present [14]. If a woman has had GDM in a previous pregnancy, NICE advises that women should be offered either an OGTT as soon as possible after booking and again between 24 and 28 weeks, or capillary blood glucose monitoring (fasting and post-prandial) from early pregnancy [14]. The HAPO study in 2008 demonstrated a clear relationship between between maternal glucose levels and the risk of adverse pregnancy outcome even in the absence of GDM [11]. It is also noted that elevation of fasting blood glucose levels may not be adequately detected by the 50g OGTT Following this, the International Association of Diabetes in Pregnancy Study Groups (IADPSG) decided upon the following plasma glucose levels for defining GDM; fasting glucose ≥ 5.1 mmol/l; 1 hr glucose ≥10 mmol/l; 2 h ≥ 8.5 mmol/l [101]. In 2011 the IADPSG guidelines were adopted by the American Diabetes Association (ADA), by the World Health Organisation in 2013 and incorporated by the German Diabetes Association (DDG) in 2018 [102, 103] 

Variations in clinical screening and diagnostic criteria has resulted in inconsistencies among the published studies. This poses a problem for interventional studies designed to address the impact of lifestyle interventions on maternal hyperglycaemia as well as indirect markers of improvements in maternal and neonatal health measured by metabolomic and epigenetic changes [104]. A 2017 Cochrane review of screening for GDM failed to conclude whether universal or risk factor screening should be applied in clinical practice. This may be due to the lack of well-designed randomised controlled trials (RCTs) [105] and further evidence is urgently required to determine the effectiveness of screening and diagnosing GDM earlier in pregnancy [99]. 


Conclusion

Recent reviews and trials advocate for lifestyle interventions to start earlier in pregnancy with greater standardisation among interventions. Intervening earlier has been linked with positive outcomes for mother and offspring but a number of challenges, especially surrounding recruitment, retention and adherence need to be overcome. Future studies involving telehealth and coaching may help to improve this. Reviews examining the impact of lifestyle interventions on diabetes prevention for women who were diagnosed with GDM recommend that interventions begin greater than six weeks to six months post-partum, when patients are more motivated to participate. Targeting high risk groups for prevention of GDM and T2DM may be the preferred approach (Figure 1). There is a clear lack of evidence examining the outcomes of lifestyle interventions on recurrent GDM, and on offspring. Future studies will need to be larger, standardised, and examine consistent but more varied outcomes. Further work will need to be done to reach consensus on the classification of GDM and the mechanisms by which it impacts maternal and childhood health. Ultimately a biomarker for identifying GDM in early pregnancy and reliable outcome short-term and long-term measures for the impact of interventions are required to determine the best way and time to intervene.
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Figure 1. Cycle of gestational diabetes (GDM) and development post pregnancy long-term diabetes – when might interventions play a role in prevention? Women with risk factors for GDM can benefit from pre-conception interventions to influence their risk and disease course during pregnancies affected by GDM. In those who go on to develop GDM, interventions during pregnancy may be able to modify their post pregnancy risk of long-term diabetes by optimising factors, such as obesity, that would otherwise predispose these women to developing recurrent GDM and Type 2 diabetes mellitus.
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