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II.I ABSTRACT (ENGLISH) 
Aims 

This thesis aimed to understand the role of psychosocial well-being (self-efficacy, social support and 

mental health; comprised of both depression and well-being scores) in women with gestational 

diabetes mellitus (GDM) by 1: conducting an integrative review synthetizing previous research on how 

diet, physical activity and psychosocial well-being interact and which type of intervention 

(psychosocial well-being, diet or physical activity) lowers adverse outcomes associated with GDM, 2: 

testing the effects of a novel interdisciplinary and psychosocial well-being intervention created on the 

basis of the results of 1, in the form of a randomized controlled trial (RCT) protocol and, 3: investigating 

the evolution of mental health and, 4: its association with weight, weight gain and the need for 

glucose-lowering medication in two prospective clinical cohort studies. 

Methods 

The search strategy for aim 1 included carefully selected terms that corresponded to domains of 

interest in women with GDM. For aim 2, the efficacy of a the new intervention is tested by comparing 

its health outcomes to a control group. Aims 3 and 4 are based on a prospective clinical cohort of 

women diagnosed with GDM attending a Swiss University Hospital. The outcomes include self-report 

questionnaires and data which was extracted from the patient’s medical records. 

Results 

The review showed that even if psychosocial well-being was positively associated with lifestyle 

behaviors, it was not a part of previous lifestyle interventions. These lifestyle interventions mostly 

improved diet and physical activity, psychological factors and some metabolic outcomes. The data 

collection for the RCT is still ongoing. Mental health evolved positively between GDM diagnosis and 6-

8 weeks postpartum. Only clinically relevant symptoms of depression after GDM diagnosis were 

associated to subsequent weight gain in pregnancy. There were no other association between mental 

health and weight or weight gain in pregnancy. Mental health symptoms and glucose-lowering 

medication did not influence each other in an unfavorable way. 

Clinical implications 

This thesis focused on the field of psychosocial well-being in women with GDM, which is still 

insufficiently studied today. The results demonstrate that psychosocial well-being has an impact on 

lifestyle behaviors and on some of the investigated metabolic outcomes (i.e. weight gain). Hence, 

women with GDM should be screened for mental health symptoms and treated accordingly. 
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II.II RESUME (FRANCAIS) 
Objectifs 

Cette thèse a étudié le rôle du bien-être psychosocial (l’efficacité de soi, le soutien social et la santé 

mentale ; contenant des scores de dépression et de bien-être) chez les femmes atteintes de diabète 

gestationnel (DG) 1 : en menant une revue intégrative de la littérature explorant l’interaction entre la 

diététique, l’activité physique et le bien–être psychosocial et quel type d’intervention (psychosocial, 

diététique et activité physique) réduit le plus les risques liés au DG, 2 : en testant les effets d’une 

nouvelle intervention interdisciplinaire et psychosociale, élaborée à partir des résultats de 1, par un 

protocole d’essai randomisé contrôlé (ERC) et 3 : en investiguant l’évolution de la santé mentale et 4 : 

son impact sur le poids, la prise de poids et le besoin de médicaments réduisant la glycémie, par des 

études observationnelles de cohorte clinique et prospectives. 

Méthodes 

Les recherches pour l’objectif 1 se sont basées sur un choix de mots clefs relatifs à des domaines 

d’intérêt dans le DG. Pour l’objectif 2, l’efficacité de la nouvelle intervention a été testée en comparant 

ses impacts sur la santé avec ceux du groupe contrôle. Les objectifs 3 et 4 ont étudié une cohorte de 

femmes ayant un DG du Centre Hospitalier Universitaire Vaudois. Les variables ont été mesurées par 

des questionnaires auto-reportés et par des données extraites des dossiers médicaux des patientes. 

Résultats 

La revue a démontré que le bien-être psychosocial était associé positivement à l’activité physique et 

aux choix diététiques, mais il n’était pas un composant des interventions à ce jour. Pour la plupart, les 

interventions amélioraient la diététique, l’activité physique, des données psychologiques et certains 

résultats métaboliques. La récolte de données de l’ERC n’est pas encore terminée. La santé mentale a 

évolué positivement entre le diagnostic de DG et 6-8 semaines postpartum. Seuls les symptômes de 

dépression après le diagnostic de DG étaient associés à une prise de poids ultérieure. Il n’y avait pas 

d’autres associations entre la santé mentale et le poids pendant la grossesse. La santé mentale et les 

médicaments réduisant la glycémie n’avaient pas d’impact négatif l’une sur l’autre. 

Implications cliniques 

Cette thèse portait sur le bien-être psychosocial dans le DG, qui est une thématique sous-étudiée. Les 

résultats indiquent que le bien-être psychosocial impacte les comportements de santé et des variables 

métaboliques testées (par ex. la prise de poids). Un dépistage de dépression dans cette population 

devrait être systématique, ainsi qu’un plan de traitement, mis en place, le cas échéant. 
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IV. GLOSSARY AND DEFINITIONS 

LIFESTYLE BEHAVIORS/LIFESTYLE INTERVENTIONS – In this thesis, as in most scientific articles in 

women with GDM, this term regroups diet and physical activity behaviors or interventions that contain 

specific health goals for diet and physical activity [1-14]. This term is mostly used in studies A and B. 

PSYCHOSOCIAL WELL-BEING – Similarly to previous reviews, in this thesis, “psychosocial well-being” 

will be used as an umbrella term, which will regroup mental health and mental health symptoms as 

well as social support and self-efficacy [15]. In previous research, this term also regrouped mental 

health and social well-being [16], social support [17] and self-efficacy [18]. When psychosocial well-

being is low, for example, in cases of social marginalization, mental health symptoms, such as 

depression, can arise [19, 20] and it can also affect an individual’s self-efficacy [21]. Thus, mental 

health symptoms (such as symptoms of depression) are also contained in that term for the purpose 

of this thesis. Psychosocial well-being is discussed in detail in study A and in study B and may be used 

as a predictor or an outcome in this thesis. 

MENTAL HEALTH – This term is used as a construct and regroups positive (i.e. well-being) and negative 

(i.e. depression) concepts related to mental health. Generally, mental health is described as “a state 

of well-being in which the individual realizes his or her own abilities, can cope with the normal stresses 

of life, can work productively and fruitfully, and is able to make a contribution to his or her community” 

[22]. It derives from positive psychology as it is not only a lack of illness but also a presence of well-

being [23]. Mental health can also be seen as the positive end of a continuum between mental illness 

and mental health [23], where an absence of mental health could, to that end, mean a presence of 

depression. Similarly to this thesis, previous descriptions of mental health contained mental health 

symptoms such as depression [24, 25]. The validated and self-report questionnaires used to measure 

well-being and depression in this thesis are described in detail in studies C and D.  

MENTAL HEALTH SYMPTOMS – This term regroups only negative mental health, such as symptoms of 

depression or low well-being. In the literature, mental health symptoms usually also comprise 

symptoms such as depression, which may lead to an impairment in daily life functioning [26].  

SELF-EFFICACY – As in this thesis, this concept generally describes a person's beliefs in his/her ability 

to influence events that affect his/her life, which allow performance accomplishments, motivation, 

and emotional well-being [27]. Also, self-efficacy is associated with health related choices and self-

care in the domains of diet, physical activity and blood glucose testing in populations with diabetes 

[28, 29].  
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SOCIAL SUPPORT – In this thesis, the term social support will regroup all forms of help a woman with 

GDM can get either from her family, friends or from professionals [30]. Social support from family and 

friends has been shown to be an enabler, as well as a barrier, to conduct healthy lifestyle behaviors in 

women with GDM. Studies show that if family and friends have unhealthy lifestyle behaviors this may 

be a barrier for women to have healthy behaviors [31]. Therefore, an integration of the family in 

lifestyle interventions may offer more efficient social support which may then lead to an overall 

healthier lifestyle and peer support may also allow emotional support for women with GDM [32]. 
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FPG: Fasting Plasma Glucose 

GDM : Gestational Diabetes Mellitus 

HAPA: Health Action Process Approach 

HbA1c : Glycated Hemoglobin 

HDL: High-Density Lipoprotein (cholesterol) 

IADPSG: International Association of Diabetes and Pregnancy Study Groups 

JBI: Joanna Briggs Institute  

LDL: Low-Density Lipoprotein (cholesterol) 

LG: Leah Gilbert 

LGA: Large for Gestational Age (at birth) 

NICE: National Institute for Health and Care Excellence 

oGTT: oral Glucose Tolerance Test 

RCT: Randomized Controlled Trial 

WHO-5: World Health Organization well-being index - Five 
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1. INTRODUCTION 

1.1 Gestational Diabetes Mellitus definition 
Gestational Diabetes Mellitus (GDM) is described as a glucose intolerance diagnosed in the 

second or third trimester of pregnancy that does not fulfil the criteria of type 1 or type 2 diabetes  [34, 

35]. This illness affects around 12% of pregnancies worldwide and these rates have augmented over 

time [36]. 

In Switzerland, 10.8% of women are diagnosed with GDM during pregnancy [37]. These rates 

are comparable to what can be found in other countries; 9.2% in the USA [38], 6.8% in China [39], 

16.3% in Qatar [40] and 7.8% in an ethnically diverse population [41] (see Figure 1). 

Figure 1. Median prevalence (%) of GDM by WHO region 2005–2015 [33]. 

 

Although these rates vary around 10%, the prevalence of GDM has increased in the past years. 

In the United States, GDM rates have doubled between 1994 and 2002 [42] and the prevalence of 

GDM has increased by 16 to 127% worldwide [43]. These numbers underline the importance of 

screening for GDM, as this illness can have multiple impacts on the mother and the infant. 

1.2 GDM screening in pregnancy 

 GDM screening is subject to different recommendations worldwide. This thesis will focus on 

two very important and widely used recommendations that have also been the base for the Swiss 

Recommendations [44, 45]. Therefore, the thesis will only discuss the IADPSG (International 
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Association of Diabetes and Pregnancy Study Groups) and ADA (American Diabetes Association) 

recommendations.  

Both the recommendations of the IADPSG and the American Diabetes Association (ADA), 

derive from the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study: a large-scale 

multinational cohort study (n=23’000) [46]. Both advocate an universal screening at 24-28 weeks of 

gestation. The IADPSG recommends a one-step approach to test for GDM at 24-28 weeks of gestation 

using an oGTT (oral Glucose Tolerance Test) test with 75g of glucose [46]. The diagnosis of GDM is 

established when any of the following plasma glucose values are met or exceeded; FPG: 92 mg/dL (5.1 

mmol/L), one hour: 180 mg/dL (10.0 mmol/L), two hour: 153 mg/dL (8.5 mmol/L). The ADA 

recommends either the same one-step approach or a two-step approach, as recommended by their 

panel of the National Institutes of Health in 2013 [47]. Thereby, there is an initial screening test using 

a 1h 50g glucose load test and for women that find themselves above a certain threshold (mostly 

around 7.8 mmol/l) this initial screening is followed by a 3h 100g oGTT [35].  

In this thesis, the studied population comes from the Centre Hospitalier Universitaire Vaudois 

(CHUV) situated in Lausanne, Switzerland. Women either directly undergo a 75 g oGTT or are initially 

screened with their FPG levels. If their fasting glucose is ³5.1 mmol/l, they do not need to undergo the 

oGTT. The cut-offs used to diagnose GDM are in accordance with the IAPDSG and Swiss 

Recommendations [45, 46]. 

1.3 Risk factors for GDM and the role of psychosocial well-being 

 Even though insulin sensitivity decreases in the second and third trimester of pregnancy in all 

women [48, 49] and thereby the universal screening for GDM should be performed for all pregnant 

women, some subjects are at higher risk than others. The ADA describes women that are considered 

at risk for GDM with the following criteria: overweight or obese women who have one or more of the 

following conditions; BMI ≥ 25 kg/m2, or ≥ 23 kg/m2 in Asian-Americans, diabetes in first degree 

relatives, high risk ethnicities (such as  African American, Latino, Native American, Asian American, 

Pacific Islander), history of cardiovascular disease, hypertension, HDL (High-Density Lipoprotein) 

cholesterol level < 35 mg/dL (0.90 mmol/L) and/or a triglyceride level > 0.250 mg/dL (2.82 mmol/L), 

polycystic ovary syndrome, physical inactivity or other clinical conditions associated with insulin 

resistance [50] 

Currently research corroborates these criteria established by the ADA. However, research also 

shows that there are other potential risk factors for GDM that originate in lifestyle behavior and 

psychosocial well-being. 
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Lifestyle behaviors, such as physical activity and diet quality, are described as both protective 

or risk factors. Women who are physically active before pregnancy lower their risk of developing GDM 

by 55% and women who are physically active during pregnancy lower their risk of developing GDM by 

24% [51]. Thus, as described by the ADA, sedentary behaviors constitute a risk factor for GDM [50]. 

Another risk factor in lifestyle behaviors is diet quality; indeed lipids, saturated fat and cholesterol if 

consumed often, can lead to an augmented risk of developing GDM [52]. Animal protein and heme 

iron are also correlated to the risk of developing GDM [53]. 

Research on psychosocial well-being risk factors for the development of GDM is still lacking 

today. Nevertheless, mental health symptoms, such as depression, have shown to be associated to 

higher levels of FPG during the oGTT test [54]. There is also mounting evidence that depressive 

symptoms are associated to the risk of developing GDM [55, 56], although more research is needed. 

Indeed, women with high first-trimester depression scores experience a twofold significantly 

increased risk of future GDM compared with women with low first trimester depression [55]. A recent 

meta-analysis has also demonstrated that a history of depression is associated to a 20% increased risk 

of developing GDM [56]. 

In summary, risk factors leading to GDM development may also contain lifestyle behavior and 

psychosocial well-being factors. As research on these specific risk factors is still lacking and as GDM 

has adverse consequences on the health of the women and their child, it is of interest to investigate 

any potential risk factors for the development of GDM. As will be illustrated by this thesis, these risk 

factors may also play a role in the development of adverse outcomes associated to GDM. 

1.4 Adverse outcomes associated with GDM  

 GDM carries multiple adverse health short term and long term consequences for the mother 

and her child. There are obstetric, pediatric, cardiovascular, metabolic and mental health adverse 

outcomes related to GDM. Obstetric adverse outcomes in women with GDM include: a higher risk of 

preeclampsia, premature rupture of membranes, preterm delivery, and cesarean delivery [57, 58]. 

GDM is also related to adverse outcomes in the infant including an increased risk of 

macrosomia, being large for gestational age (LGA) at birth, and a higher risk of perinatal mortality [57, 

58]. The following long-term adverse outcomes related to GDM for the child and adolescent have been 

described. Hereafter, the highest odds ratio was extracted from original research articles that 

compared outcomes in children whose mothers had GDM in pregnancy, with children whose mothers 

did not have GDM in pregnancy. In children aged six, there is a 2.32 higher risk of having hypertension, 

and a 1.89 higher risk for high blood pressure [59] and a 2.20 higher risk of having attention deficit 

hyperactivity disorder [60]. In children aged between 11 and 14, there is a 1.42 higher risk of having 
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impaired glucose tolerance and a 1.22 higher risk of having impaired fasting glucose [61]. In children 

aged between 10 and 16, there is 4.05 higher risk of overweight [62, 63] and a 1.30 higher risk of 

obesity [63, 64] and a two-fold higher risk of developing impaired glucose tolerance [63, 65]. In 

adolescents aged 16 there is a 3.82 higher risk of having abdominal obesity [62] and a 3.53 higher risk 

of having a metabolic syndrome [66]. Finally, in adults aged between 19 and 27, there is an eight-fold 

higher risk of developing diabetes or prediabetes in adulthood (19-27 years old) [65]. 

Maternal long-term adverse outcomes related to GDM concern cardiovascular and metabolic 

health. Mothers with GDM have a 3.4 higher risk of developing a glucose disorder (described as type 

2 diabetes and prediabetes together) [67]. Furthermore, they present a two to three-fold higher risk 

of developing a cardiovascular disease in the decade following childbirth, even in the absence of 

diabetes [68]. 

 Finally, GDM has lately been associated with mental health symptoms. Up to 30% of women 

suffer from depression following their GDM diagnosis [69], which is three times higher than in 

pregnancies without GDM [70]. In addition, prevalence of postpartum symptoms of depression is up 

to 4.9 times higher in women with GDM compared to women without GDM [71, 72].  

1.5 Care of GDM patients 

The ADA [35] and the Endocrine Society [73] suggest treating women that are diagnosed with 

GDM (24-28 weeks of gestation) through lifestyle interventions that mainly consists of diet and 

physical activity goals and recommend measurement of glucose values. Glucose-lowering medication 

is introduced when glucose values remain above targets, despite lifestyle behavior (diet and physical 

activity) changes. This procedure is used at the GDM clinic at the CHUV, which serves as the base for 

the clinical studies of this thesis. Details regarding different glucose-lowering medications are 

discussed under section 1.5.2. 

1.5.1 Lifestyle interventions 

Following their diagnosis, women followed at the GDM clinic at the CHUV are seen by 

physicians, diabetes educators, dieticians and physiotherapists. These clinical appointments may allow 

women with GDM to improve their lifestyle behaviors, to reduce their glucose values, and to keep 

their weight gain within the recommendations for pregnancy [74] 

The dieticians follow recommendations regarding eating habits, glucose values, and weight 

gain in women diagnosed with GDM [73, 75, 76]. Thereby, dieticians focus on how to balance 

carbohydrate intake over several meals and snacks [73], how to limit the intake of free sugars to less 

than 10% [77], and how to increase fiber intake to up to 30 g per day [78].  
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All health care providers and particularly specialized physiotherapists encourage patients to 

increase their physical activity [73]. The physiotherapy session(s) consists of teaching women to 

perform a combination of aerobic and resistance physical activity, in a moderate intensity, under 

professional supervision. Women are advised to repeat exercises, ideally, more than once a day and, 

ideally, in the postprandial period to reduce their glucose values [79, 80]. 

In an ideal situation, the patients are able to limit their weight gain [74], and to reduce their 

glucose values by following these lifestyle interventions. However, changing behaviors and adherence 

to lifestyle interventions are highly dependent on other underlying factors. 

1.5.1.1 Psychosocial well-being correlates and determinants of adherence to lifestyle 

interventions.  

Psychosocial well-being is associated with and determines one’s adherence to lifestyle 

interventions during pregnancy (both terms described in Chapter IV). Nonetheless, pregnancy is a 

difficult time for psychological and physiological reasons [81]. This is especially true for women with 

GDM, as 30% of these women suffer from symptoms of depression [69]. Moreover, 10% of women 

with GDM show severe symptoms of depression [69]. Mental health symptoms, such as depression 

can reduce adherence to lifestyle behavior change [82]. Diet quality is impacted by mental health 

symptoms, as they lead individuals to lose control over eating, to eat comfort food and so, to have a 

higher intake of caloric, energy dense and nutrient poor foods [83-87]. Finally, the motivation to 

conduct physical activity is reduced in the presence of mental health symptoms. Depression is 

associated with a lower motivation to be active [85] and to less time spent in moderate to vigorous 

physical activity a day [88]. Thus, mental health symptoms are important factors to consider with 

regards to adherence to lifestyle behavior changes or to general lifestyle behavior. 

 Self-efficacy and social support (described in Chapter IV) are two factors that can improve 

adherence to lifestyle interventions, as they help women to positively change their lifestyle behavior 

[87, 89-91]. Self-efficacy and social support are both known to improve mental health [27, 92]. 

Conversely, an absence of social support and self-efficacy may bring women to experience increased 

mental health symptoms, which may then reduce adherence to lifestyle behavior changes. Previous 

research has also shown that in individuals who suffer from severe mental health symptoms, have a 

reduced self-efficacy [93-95]. Social support and self-efficacy also have a direct impact on lifestyle 

behavior changes. This association will be described in more detail in studies A and B. 
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1.5.1.2 Consequences of non-adherence to lifestyle interventions  

As mentioned above, mental health symptoms may lead women to a lower adherence to 

lifestyle interventions, and consequently bring to adverse outcomes in women with GDM, such as a 

higher weight gain and/or a lower control over glucose values [73, 96-99].  

In women with GDM, excessive weight gain is known to have multiple adverse obstetric, 

neonatal and long-term consequences for the mother. Obstetric and neonatal  consequences consist 

of preterm or cesarean delivery, macrosomia or higher birth weight [64, 96-98, 100]. Consequences 

for the mother consist of a higher risk of type 2 diabetes and cardiovascular disease and a higher 

weight retention in the postpartum period [96, 97, 100-103]. Thus, it is important to know if women 

with poorer mental health are at risk for excessive weight gain in pregnancy, as they might require 

more clinical attention following their GDM diagnosis. Nonetheless, the direct relationship between 

poor mental health and weight (gain) in women with GDM has yet to be investigated. 

If women with mental health symptoms cannot implement the necessary lifestyle behavior 

changes to reduce their glucose values [73, 99], this may results in medication intake to achieve 

glycemic targets [44, 104]. However, the direct relationship between mental health symptoms and 

glucose-lowering medication intake in women with GDM has not been studied so far. 

1.5.2 Glucose-lowering medication 

Glucose-lowering medication is introduced when glucose values remain above targets two or 

more times during a one to two-week period (FPG > 5.3 mmol/l, 1h postprandial glucose > 8 mmol/l 

and 2h postprandial glucose > 7 mmol/l) [35, 44, 104]. The ADA and the National Institute for Health 

and Care Excellence (NICE) recommend insulin for the treatment of hyperglycemia. Indeed, the oral 

glucose-lowering medications; metformin and glyburide cross the placenta, which might affect the 

fetus [50, 105] and/or lead to additional adverse cardio-metabolic consequences in the infant [106]. 

In this situation, especially the use of glyburide has been discouraged [50]. Notwithstanding, in the 

context of specific cultural and personal situations, metformin can be used if the patient remains 

above targets after attempting lifestyle interventions and does not wish insulin injections [105, 

107].Depending on the type of glucose-lowering medication, women may have more or less difficulty 

in accepting medication [108] and this can be a source of additional stress for these women. Overall, 

lifestyle behavior change is always proposed as the first solution to control weight gain and reduce 

glucose values in women with GDM [50].  

1.6 Overarching Aim of thesis  

In summary, biological, psychological, social and mental health factors interact in women with 

GDM. Consequently, the aims of this thesis and the presented studies were based on and emanate 
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from the biopsychosocial theoretical model of mental health. This model is developed below, but it a 

few words, it shows how different biological, psychological and social factors interact with an 

individual’s mental health and hence, seems highly pertinent for the thesis at hand. The relationships 

between the factors were operationalized as follows. 

Figure 2. Adapted theoretical biopsychosocial model of mental health. 

 

 

This model was inspired by the theoretical biopsychosocial model of mental health and by two 

other models demonstrating the association between mental health and metabolic health [109, 110]. 

Indeed, Robinson and colleagues demonstrate that mental health symptoms are more frequent in 

individuals with diabetes, and conversely individuals with mental health symptoms have a higher risk 

of developing diabetes [109]. This concept is displayed in the center of Figure 2 and demonstrates the 

bi-directional relationship between mental health symptoms and metabolic issues (development of 

GDM, its related adverse outcomes and other metabolic diseases). According to Reece and colleagues, 

GDM is a growing problem in our society and argue that psychological and behavioral factors may 

contribute to its development [110]. In the adapted model above, the biological factors are depicted 

in salmon and red and were adapted to GDM, they contain obesity and metabolic issues (i.e. the 
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development of GDM, its adverse outcomes and other metabolic diseases). The psychological factors 

in the model contain self-efficacy, and behavioral factors, such as sedentary behavior and poor diet 

quality. Lastly, the social factor in this model is social support and the mental health factor is mental 

health symptoms. The relationship between these factors was conceptualized in the following way; in 

women with GDM, the absence of social support [92, 111] and self-efficacy [27, 29] may contribute to 

the development of mental health symptoms. These mental health symptoms may, in turn, lead to 

sedentary behaviors and a poorer diet quality [82, 85, 87], which may increase the risk of obesity [112-

114]. Sedentary behavior, poor diet quality and obesity may contribute to a higher risk for metabolic 

issues (i.e. developing GDM, adverse outcomes related to GDM and other metabolic diseases) [64, 85, 

96-99, 102, 109, 110]. 

Thus, the overall objective of this thesis was to investigate how psychosocial well-being 

influences lifestyle behaviors and metabolic health in women with GDM. To reach this objective, the 

following aims were created:  

• Aim 1: The thesis synthetized evidence (a) on how diet, physical activity and psychosocial well-

being interacted in women with GDM and their offspring, and (b) on how effective interventions were 

in reducing adverse outcomes related to GDM (study A). 

• Aim 2: The thesis aims to test the effect of an interdisciplinary lifestyle and psychosocial well-

being continuous perinatal intervention in women with GDM on maternal, infant and paternal 

metabolic and mental health outcomes (study B). 

• Aim 3: The thesis investigates the evolution of mental health (specifically depression and well-

being) through time (studies C and D).  

• Aim 4: The thesis investigates the associations between mental health and adverse outcomes 

related to GDM such as (a) weight (gain) (study C) and (b) the intake glucose-lowering medication 

during and/or after GDM pregnancy (study D).  

 

The titles of the studies are in the following order:  

• Study A - How diet, physical activity and psychosocial well-being interact in women with 

gestational diabetes mellitus: an integrative review 

• Study B - Improving cardiometabolic and mental health in women with gestational diabetes 

mellitus and their infant: study protocol for MySweetHeart Trial, a randomized controlled trial 

• Study C - Mental health and its associations with weight in women with gestational diabetes 

mellitus. A prospective clinical cohort study 
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• Study D - Mental health and its associations with glucose-lowering medication in women with 

gestational diabetes mellitus. A prospective clinical cohort study 

 1.6.1 Link between the studies 

Firstly, to gain a broad knowledge of psychosocial well-being and mental health in women 

with GDM, an integrative literature review (Study A) was conducted to synthetize evidence on (1a) 

how diet, physical activity and psychosocial well-being interacted in women with GDM and their 

offspring, and on (1b) how effective interventions were in reducing adverse outcomes related to GDM. 

Secondly, based on the literature review results, an innovative RCT was developed. This RCT aimed (2) 

at testing the effect of an interdisciplinary lifestyle and psychosocial well-being continuous perinatal 

intervention on maternal, infant and paternal metabolic and mental health outcomes (Study B). 

Thirdly, the bi-directional relationship between mental health and adverse outcomes related to GDM 

was investigated in women who were not receiving any psychosocial well-being intervention, 

observational studies were conducted in a cohort of women with GDM. These studies investigated (3) 

the evolution of mental health through time and the association between mental health and adverse 

outcomes related to GDM such as (4a) weight (gain) (Study C) and (4b) glucose-lowering medication 

(Study D) during and/or after GDM pregnancy, as both of these elements are important factors to 

consider in women with GDM. 
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2. THESIS STUDIES 

 The studies of this thesis were all conducted at the GDM clinic of the Woman-Mother-Child 

Department (DFME) of the CHUV. In the following section, the four studies integrated in this thesis 

will be presented one after the other as they all differ in methodology. Studies C and D will have a 

common part for their methodology, as they share certain elements relative to the cohort they were 

based upon. 

2. 1: Study A: How diet, physical activity and psychosocial well-being 

interact in women with gestational diabetes mellitus: an integrative 

review 

Authors: Leah Gilbert, Justine Gross, Stefano Lanzi, Dan Yedu Quansah, Jardena Puder and Antje 

Horsch 

Published in: BMC Pregnancy and Childbirth, 2019. 

2.1.1 Aims 

This study was conducted as a base for the study protocol (study B). Therefore, it aimed to 

synthetize evidence on (1a) how three domains of interest, i.e., diet, physical activity and psychosocial 

well-being interacted in women with GDM and their offspring and on (1b) how effective interventions 

were in reducing adverse outcomes related to GDM. Hereafter is a summary of the integrative 

literature review (for more details, see the published paper in Appendix 8.1). 

2.1.2 Methods 

2.1.2.1 Search strategy 

Search terms corresponding to the domains of interest (see detailed list in Appendix 8.1) were 

entered in the following databases: CINAHL, PsycINFO, Embase, Pubmed, and Cochrane. This research 

was conducted twice. The first one was conducted on articles published between 1980 and 

September, 15th 2016 which provided 16’026 articles. The update took into account articles published 

between the 15th of September 2016 and the 12th of February 2018 and yielded 15’744 articles. The 

articles were imported into EndNote Library X7 and divided among members of the research team. In 

line with PRISMA guidelines [115], the team screened through the titles, abstracts and, finally, the full-

texts. Articles were included if they corresponded to the inclusion criteria, as described in the flow 

chart below. 
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Figure 3. Prisma flow-chart for study A. 
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2.1.2.2. Inclusion and exclusion criteria 

Inclusion: Articles were included if they were published in English in peer-reviewed journals. 

They had to contain data on women with GDM (or women and their partner), or a history of GDM, 

with clinical outcomes reported for women (or women and their baby). The type of studies included 

could be either observational or intervention studies that focused on at least two of the domains of 

interest (i.e. diet, physical activity and psychosocial well-being). No articles published prior to 1980 

were included, in order to stay in line with more up-to-date clinical practice and objectives for 

glycaemic thresholds.  

Exclusion: Articles were excluded if they exclusively investigated women with type 1 and type 

2 diabetes. Studies concerning dietary supplements only were excluded, as were intervention studies 

that only tested pharmacological interventions. Genetic, epigenetic, genomic and animal research, as 

well as papers addressing exclusively the microbiome were excluded. Finally, study protocols, 

conference abstracts, recommendation papers, guidelines, qualitative studies, and review articles 

were excluded. 

2.1.2.3 Data extraction and synthesis 

As shown in the flow-chart (Figure 3), 114 articles were selected for detailed evaluation. The 

data from the 114 articles was extracted systematically in a modified Joanna Briggs Institute (JBI) form 

[116-119]. As suggested by Whittemore and Knafl, findings from the included studies were synthesized 

according to the objectives of the study in a thematic manner [120]. This synthesis provided answers 

for both of the research questions. The associations (1a) between the different domains of interest 

were outlined. The effects (1b) of interventions on clinical outcomes related to GDM were 

summarised. Consequently, a conceptual model was drawn. 

2.1.2.4 Quality appraisal  

Four different checklists corresponding to the original paper’s design were used to evaluate 

the quality of the included studies: the JBI critical appraisal Checklist for Randomized Controlled Trials 

[117], Checklist for quasi-experimental studies (non-randomized experimental studies) [119], 

Checklist for Analytical Cross Sectional Studies [116] and Checklist for Cohort studies [118]. The quality 

appraisal was conducted by two independent ratters (LG & DYQ), and discrepancies in score ratings 

were resolved by consensus. 

2.1.3 Results 

2.1.3.1 Characteristics of included studies  

This review included 16 studies (Figure 3): two observational studies and 14 intervention 

studies combining a total of 20’285 participants, with n=19’884 in the intervention and n=401 in the 
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observational studies. All combined intervention studies focused solely on diet and physical activity 

and none included psychosocial well-being in their intervention. For clarity, these interventions 

combining diet and physical activity were named: “lifestyle interventions” [1-14]. Both observational 

studies investigated the associations between diet, physical activity and psychosocial well-being 

variables (n=2/2) [30, 121]. According to the Joanna Briggs Institute Appraisal Tools (2017), the 

majority of included articles were rated to be of good quality (see Tables 1 and 2 in Appendix 8.1). 

Only one study was rated as having poor quality [12]. 

2.1.3.2 Interactions between domains of interest (diet, physical activity and 

psychosocial well-being) 

In both observational studies, social support and self-efficacy were associated with the 

adherence to healthy lifestyle behaviours (i.e. diet and physical activity). The lifestyle interventions 

studies led to clear improvements in diet in all the studies observing this outcome (n=7) and, in 

physical activity, which improved in six out of nine studies. Two studies also demonstrated that 

lifestyle interventions also led to lower stress perception and higher quality of life and less fatalistic 

and cultural diabetes beliefs.  

2.1.3.3 Effectiveness of the lifestyle interventions on the reduction of adverse 

outcomes related to GDM 

Regarding anthropometric outcomes, one observational study indicated that social support 

and self-efficacy had no significant association with BMI. The lifestyle interventions led to decreased 

waist and hip circumference in five out of seven studies and to decreased body fat in the two studies 

measuring it. However, the results of lifestyle interventions concerning weight and BMI were 

inconsistent, as out of the eight studies measuring these outcomes, only four yielded improvements. 

Lifestyle intervention studies led to a decrease in total and LDL (Low-Density Lipoprotein) 

cholesterol in the three studies that measured it, triglycerides in the two studies where it was 

measured, and in glucose values. For the glucose values measured in three studies, the decrease in 

values depended on the measure. Indeed, oGTT and postprandial measures were reduced by lifestyle 

interventions in the three studies that measured this. FPG was reduced in two out of three studies 

and insulin resistance was only reduced in one out of three studies. There was also a reduced risk of 

postpartum diabetes in the two studies that evaluated this outcome. Concerning results for systolic 

blood pressure, these were similar throughout groups and time in the two studies measuring this 

outcome. Inconsistencies were found regarding glycated haemoglobin (HbA1c), HDL cholesterol, 

diastolic blood pressure and total cholesterol. HbA1c decreased in two studies but increased in one 

study. HDL cholesterol rose in one study and remained the same in the other. Diastolic blood pressure 

was reduced in one study and remained unchanged in the other. Finally total cholesterol was either 
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reduced or stayed consistent in the two studies measuring it. Regarding delivery outcomes, only 

macrosomia was measured in more than one study, and was similar in the control and lifestyle 

intervention group. For all the outcomes, no conclusions were drawn on outcomes which were only 

measured in one study. Results concerning the health of the child after delivery were not found. Also, 

no results were found regarding the health of the partner of women with GDM.  

2.1.4 Conclusion 

 This integrative review showed that (1a) diet, physical activity and psychosocial well-being 

interact in women with GDM. It also demonstrated that social support and self-efficacy were 

associated with healthy lifestyle behaviours in two studies. Lifestyle interventions (1b) led to improved 

adherence to a healthy diet and mostly improved physical activity. Lifestyle interventions often 

improved waist and hip circumference, LDL cholesterol, triglycerides, oGTT, postprandial glucose 

values, and postpartum diabetes status and two lifestyle interventions led to improvements in stress, 

quality of life and fatalistic beliefs. Results related to weight, BMI and macrosomia were inconsistent 

and other birth outcomes were only measured in one study and thus do not allow a solid 

interpretation. Furthermore, no results regarding health outcomes of the partner, or the child after 

delivery were found. As this review would serve as a basis to develop the MySweetHeart trial, a 

conceptual model of the results was developed, as shown in Figure 4 below. 
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Figure 4. Conceptual model representing the integration of a psychosocial well-being component in 

lifestyle interventions, extracted from study A. 

 

 This model suggests that lifestyle interventions should not only include diet and physical 

activity domains, but should also include psychosocial well-being components, such as strategies for 

improving social support, self-efficacy and mental health. Indeed, the results from this integrative 

review demonstrated that psychosocial well-being improved adherence to lifestyle behaviors (diet, 

physical activity), and also improved psychological variables. Given that adding a psychosocial well-

being component could lead to a higher adherence to lifestyle interventions, it would have the 

potential to improve adverse outcomes related to GDM. Furthermore, it could probably improve the 

obstetric and neonatal outcomes. Psychosocial well-being interventions may necessitate three 

important components to improve adherence to diet and physical activity. First of all, a strong social 
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support from professionals and from the family of the patient, are important [122]. Secondly, the 

patients should be mentally healthy to be able to carry out behavioral changes in diet and physical 

activity and thereby would benefit from treatments regarding potential symptoms of depression and 

stress relief techniques [123-125]. Finally, women should benefit from a positive belief that they are 

able to make behavioral changes, thus developing their self-efficacy would help [126], although self-

efficacy is also dependent on the first two pillars; the support the women have and their current 

mental health. This model suggests that only with such a fine-tuned intervention can women improve 

their adherence to lifestyle interventions and, as a result, make changes in their behaviors and 

thereby, improve their potential adverse outcomes related to GDM. 

 2.1.5 Personal Contribution 

The candidate significantly participated in the conception and design of the study, coordinated 

the study and the data collection, collected data, participated in the data analysis, participated in the 

interpretation of data, drafted and adapted the manuscript.  
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2.2: Study B. Improving cardiometabolic and mental health in women with 

gestational diabetes mellitus and their infant: study protocol for 

MySweetHeart Trial, a randomised controlled trial  

Authors: Antje Horsch, Leah Gilbert, Stefano Lanzi, Justine Gross, Bengt Kayser, Yvan Vial, Umberto 

Simeoni, Didier Hans, Alexandre Berney, Urte Scholz, Ruben Barakat, Jardena J Puder, on behalf of 

MySweetHeart Research Group 

Published in: BMJ Open, 2018. 

 2.2.1 Aims 

This RCT aims (2) to test the effect of an interdisciplinary lifestyle and psychosocial well-being 

continuous perinatal intervention in women with GDM on maternal, infant and paternal metabolic 

and mental health outcomes. The main effect of this intervention will be assessed especially through 

the primary outcomes which are weight and symptoms of depression in the mother. To assess this, 

the differences in the changes in maternal weight and in the symptoms of depression will be 

measured. These differences will be measured between the first MySweetHeart assessment taking 

place at the second GDM visit and the last assessment taking place at one year postpartum and 

between the intervention and the control groups. Hereafter is a summary of the study protocol (for 

more details, see the published paper in Appendix 8.2). 

2.2.2. Methods 

2.2.2.1 Inclusion and exclusion criteria 

Inclusion: Women were integrated in the MySweetHeart trial if they were diagnosed with 

GDM according to IADPSG criteria,  between 24-32 weeks of gestation [46, 127]. These women also 

had to be aged 18 or older, and able to understand French or English.  

Exclusion: Women were excluded from the trial if they were on strict bed-rest and/or had pre-

existing diabetes mellitus. They were also excluded if they had a current episode of severe mental 

disorder, such as a current psychotic episode or suicidality. 

2.2.2.2 Consent, recruitment and group allocation 

The recruitment for the study took place either at the GDM clinic at the CHUV or through 

private practices or other regional hospitals. During recruitment, after GDM diagnosis, women 

received information about the study and were called a few days later to assess interest in taking part 

in the study. As shown in Figure 5, women who consented to participate underwent the first 

assessment. At the end of this first assessment, women were randomly allocated either to standard 

care (control group) or to the intervention group of the study through a concealed envelope. The 
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allocation ratio of randomization was 1:1, using the block randomization method (blocks of 4) 

established by the CONSORT guidelines [128].  

Figure 5. Prisma flow-chart for study B. 

 

2.2.2.2 Data collection visits 

As women were recruited at the GDM clinic at the CHUV (or in other centers) for the 

MySweetHeart trial, data collection and visits were in line with the visits for women in standard care 

and thus, with the assessments of studies C and D (all represented in Figure 6). For the MySweetHeart 
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trial, the first baseline assessments, took place between 24-32 weeks of gestation. Other 

MySweetHeart trial assessments occurred at delivery (second assessment), at 6-8 weeks postpartum 

(third assessment) and finally at one year postpartum (fourth assessment). 
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Figure 6. Overview
 of data collection visits for studies B, C and D. 

 

 
The assessm

ents specific to the M
ySw

eetHeart trial are listed below
 in overview

 Table 1 and are described in detail in the published protocol that can 

be found in Appendix 8.2.
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Table 1. Overview of data collection visits for the MySweeHeart trial. 

 
First 

MySweetHeart 
Assessment 

Second 
MySweetHeart 

Assessment 

Third 
MySweetHeart 

Assessment 

Fourth 
MySweetHeart 

Assessment 

 
Second GDM 

Visit 
At delivery 

6-8 weeks 
postpartum 

One year 
postpartum 

Self-report questionnaires x  x x 

Fitness measures x   x 

Body composition x  x x 

Blood pressure and 75 g. 
oGTT 

x  x x 

Cord-blood extraction  x   

Bone Densitometry (DEXA) if 
additional consent is signed 

   x 

Infant’s birth weight and size 
extracted from the hospital 
birth record. 

 x   

Infant’s body composition   x x 

Infant’s BIA (bio-impedance)    x 

Partner’s self-report 
questionnaires, height and 
weight 

x   x 

 

2.2.2.3 Primary and secondary outcomes 

The two primary outcomes of this study are changes in symptoms of depression [assessed 

through the Edinburgh Postnatal Depression Scale (EPDS)] and in weight in mothers. To measure 

symptoms of depression, the women filled-out the self-report and validated questionnaire; the EPDS 

[129]. For weight, patients were measured in light clothes and without shoes to the nearest 0.1 kgs 

with a regularly calibrated Seca Scale. Both of these primary outcome measures were assessed at the 

first, third and last MySweetHeart assessment. As these outcomes are also measured in the cohort of 

the GDM clinic at the CHUV, they are described in more detail in the sections that describe this cohort. 
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Therefore, measures of depression are described in section 2.3.2.7 and measures of weight in section 

2.3.2.8. The secondary outcomes were diet, physical activity, cardiometabolic outcomes, social 

support and infant as well as paternal outcomes; as these secondary outcomes are not of main 

importance in this thesis, they will not be described (see Appendix 8.2 for details).  

2.2.2.4 Sample size calculation 

 To determine the required sample size, a power analysis for the primary outcomes was 

conducted. Regarding weight, the calculations were based on the pilot data and goals for weight 

retention. A weight reduction of 8.4 kg (SD: 5.5) between the baseline MySweetHeart assessment and 

the last MySweetHeart assessment at one year postpartum was assumed for the control group, 

compared with a weight reduction of 10.9 kg (SD: 5.5) in the intervention group between these same 

visits. The required sample size was 76 women in each study group to have a statistical significant 

difference with a power of 80% and an alpha-level set at 0.05 (two-sided). Concerning the depression 

score, this 76 women sample size was also sufficient to observe significant differences in this primary 

outcome, as a reduction in symptoms of depression between the above-mentioned two time points 

was expected to be 0.2 (SD: 4.3) in the control group and 2.2 (SD: 4.4) in the intervention group. 

Considering a maximum attrition rate of 30%, a sample consisting of 100 women in the control and 

100 in the intervention group would provide adequate power. The recruitment of women for this trial 

took place between September 2016 and September first 2020 with a total of 213 women included in 

the study. On the 25th of November 2020, the total number of drop-outs was 31.  

2.2.2.5 Intervention design  

The control group 

The standard care given to the control group was the same as the care given to women in the 

cohort and is thereby described in section 2.3.2 of this thesis. Contrarily to the usual practice regarding 

physical activity counselling described in section 1.5.1, women in the MySweetHeart trial control 

group received advice from the physicians/specialized nurse practitioners or dietitians instead of 

physiotherapists. This implies these women received less specific advice on how to conduct physical 

activity. 

The intervention group 

Women in the intervention group followed an evidence-based interdisciplinary and 

personalized lifestyle intervention where psychosocial well-being, diet and physical activity were the 

main domains of intervention. The care and the goals of the intervention group were adapted to the 

patient’s needs to reduce the adverse outcomes related to GDM, especially with regards to weight. A 
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personal lifestyle coach followed the women from inclusion up to one year postpartum, to enable 

them to reach the goals described below. 

 The psychosocial well-being part of the intervention contained three components; social 

support, self-efficacy and mental health. As social support is an important factor for psychosocial well-

being, this trial provided support by the healthcare providers in the research team, and especially by 

the lifestyle coach (LG) to women with GDM. Additionally, the lifestyle coach (LG) arranged for the 

perinatal clinic to give breastfeeding support to the women once they give birth (if at the CHUV). Social 

support was also improved by offering one prenatal and one postnatal group workshops to the 

patients, so that they met other women in their condition. In the prenatal workshop, the structure 

and organization of the women’s daily life was discussed. Whereas in the postnatal workshop, diet 

and physical activity were discussed and integrated goals for the infant and the partner. Furthermore, 

the partners were invited to the pre and postnatal consultations and workshops so that they 

understood their partner’s health goals and so that they could then support them towards these 

healthy habits. To improve self-efficacy, the lifestyle coach (LG) used Health Action Process Approach 

(HAPA) and motivational techniques [130, 131]. Through the HAPA, the objective for the coach was to 

lead the patient from the motivational phase, during which goals were created and discussed via 

motivational techniques, to the volitional phase. In the volitional phase, the lifestyle coach and the 

patient planned actions (i.e. when and how the new behavior should take place) and coping (i.e. 

identifications of barriers which could bring the new behavior to fail). The HAPA, being highly 

depended on the patient’s self-efficacy and perception of advantages emanating from the new 

behavior, implied the coach had to set behavioral goals which would be best adapted to the patient’s 

capacities and needs. As shown by the adapted theoretical biopsychosocial model of mental health, 

both social support and self-efficacy should improve mental health [27, 92]. Although, in some women 

additional help for mental health symptoms was given. To identify if mental health symptoms were 

present, all women visiting the GDM clinic were screened for symptoms of depression through the 

EPDS (described in section 2.3.2.6) at the first GDM visit, at 6-8 weeks, 7 months (only in the 

intervention group) and one year postpartum. When the EPDS scores were ³ 10, women were offered 

individual sessions with a clinical psychologist (AH). These sessions aimed at preventing and reducing 

symptoms of depression through Cognitive Behavioral Therapy (CBT) techniques. This technique 

aimed at challenging the most unhelpful negative cognitions, scheduling at least one pleasurable 

activity a day, increasing social contacts, improving sleep routine and identifying the most stressful 

situations to apply cognitive behavioral strategies for their management [132-134]. The goals set by 

the clinical psychologist were then followed up by the lifestyle coach (LG). At seven months 
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postpartum, there was also a session which focused specifically on mental health and on the structure 

of the day, to make sure women had time for pleasurable activities.  

In the dietary part of the intervention, women met the dietician in three sessions. In the first 

session, they were advised to distribute carbohydrates over several meals and snacks [73], to limit the 

intake of free sugar to less than 10% of total energy intake and to avoid added sugars and sugar 

naturally present in honey, syrups and fruit juices [77]. Women were also encouraged to increase fiber 

intake to up to 30 g. per day [78, 135]. The second visit with the dietician focused on lipids, where 

women were instructed to limit total fat to less than 30% [136] and saturated fat to less than 10% of 

total energy intake [137], to prioritize higher quality fats such as monounsaturated fat [138, 139] and 

to reduce the intake of red or processed meat [138]. During the third visit, women were taught mindful 

eating; to develop awareness regarding their hunger and satiety cues, to slow down the pace of eating 

and to reduce emotional eating [140-142]. At four months postpartum, women were encouraged to 

structure their meals and to avoid snacking [73], and the goals from pregnancy were re-visited and 

adapted to the postpartum period. 

 Regarding the physical activity part of the intervention, all women receive the suggestion to 

reduce sedentary behavior by being active at least once an hour [143]. Women in the prepartum 

period were guided towards conducting aerobic and resistance physical activity, twice a day, every 

day for at least 20 minutes, at a moderate intensity and, ideally, one to one and a half hour(s) after 

their meal [144-146]. At the ten months postpartum visit, women were prescribed to conduct aerobic 

physical activity for 150 minutes a week and resistance physical activity twice a week, all at a moderate 

intensity [147]. Moderate intensity was taught to the patient through walking exercises with the 

lifestyle coach (LG) and a doctor in sport sciences. 

 Finally, the interventions described in the three domains of interest (psychosocial well-being, 

diet and physical activity) above were supposed to help women with their weight gain in pregnancy 

and their weight loss in the postpartum period. However, in women for which difficulties in the 

domain of weight were noticed, additional guidance was given. These women were advised to gain 

weight in pregnancy in accordance with the Institute of Medicine and National Research Council 

guidelines [74], and for them to return to pregravid weight or to 5% less if their BMI was ≥25 kg at one 

year postpartum [148]. Specific interventions for the three domains of interest were also offered to 

the parents for their infant, but will not be discussed in this thesis, as the primary focus is on the 

mother (see Appendix 8.2 for details). 
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2.2.2.6 Statistical analysis 

 As the primary outcome concerns differences in the changes in maternal weight and 

symptoms of depression between the first GDM visit and one year postpartum in the control versus 

intervention group, linear regressions will be conducted for these outcomes. Concerning the 

secondary outcomes, differences in changes between both groups and the four assessments of the 

MySweetHeart trial, illustrated above in Figure 6, will be examined by using linear regressions in 

women, the infant and the partner. All analysis will be adjusted by controlling for important baseline 

variables and confounding variables, such as maternal age, sex of the children, the presence of 

prenatal, perinatal and early postnatal conditions/complications, BMI, the EPDS score, and 

socioeconomic status where applicable. Subgroup analyses will also be conducted according to 

weight, mental health (EPDS score <10 vs ≥10) and prediabetes status at 6-8 weeks postpartum, as 

well as the sex of the infant. A Bonferroni correction for multiple analyses will be applied [149]. In 

order to assess fidelity and quality of implementation, to clarify causal mechanisms and to identify 

contextual factors associated with variation in outcomes, a process evaluation nested inside the trial 

will be conducted [149].  

 2.2.3 Conclusion 

The results of this RCT will help addressing the current gap in the literature regarding 

psychosocial well-being interventions in women with GDM and their potential to reduce adverse 

outcomes related to GDM (2). It will permit to evaluate if this type of intervention adds an increased 

value in the reduction of adverse outcomes related to GDM in the mother, in comparison to a simple 

lifestyle intervention – as practiced in the control group. It will also allow to evaluate the infant and 

paternal behaviors and their related health outcomes. Indeed, integrating novel psychosocial well-

being components such as techniques to augment social support, self-efficacy, well-being, and to 

reduce symptoms of depression, might improve several outcomes in these women and maybe even 

in their infant and partner. 

2.2.4 Personal Contribution 

The candidate significantly contributed to the establishment and refinement of study 

procedures and critically revised the manuscript. The candidate is also the coordinator of the trial and 

has been coaching the majority of the patients in the intervention group and is the co-supervisor of 

psychology student interns assisting in the study. Finally, the candidate developed or co-developed all 

the educational materials given to the intervention patients of the trial and developed or co-

developed the SOPs (Standard Operating Procedures) of the trial. The study was added to thesis, as 



Leah Gilbert PhD in Life Sciences December 2020 
 

26 

the candidate played an important role in the setting up (educational materials and SOPs), intellectual 

input and functioning of the study and the team around it. 
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2.3: Study C: Mental health and its associations with weight in women 
with gestational diabetes mellitus. A prospective clinical cohort study. 

Authors: Leah Gilbert, Jean-Benoît Rossel, Dan Yedu Quansah, Jardena J. Puder* and Antje Horsch* 

*joint last authors 

Study C Submitted in: Journal of Psychosomatic Research on the 05.08.20, currently under revision.  

2.3.1 Aims 

The aims of study C were to investigate (3) the evolution of well-being through time and (3bis) 

its association with depression and the association between mental health and adverse outcomes 

related to GDM such as (4a1) weight and (4a2) weight gain during pregnancy in women with GDM. 

Concerning aim 3bis, the association between well-being and depression was measured solely to assess 

the utility of using both the depression and well-being scores in women with GDM in relation to 

adverse outcomes related to GDM, such as weight. This aim (3bis) is considered as a secondary 

outcome in this study and in this thesis, therefore it will not be discussed in detail. Hereafter is a 

summary of study C (for more details, see the submitted paper in Appendix 8.3). As study C is currently 

under review, it is described in more detail than studies A & B.  

 2.3.2 Methods 

This method section for study C is also applicable to study D up to and not including section 

2.3.2.9. This common method section concerns the prospective observational cohort of women at the 

GDM clinic at the CHUV, shared by both studies, and the STROBE statement, applied to both studies 

[150]. 

2.3.2.1 Patients 

The analysis of this cohort (shared by studies C & D) focused on women treated at the GDM 

clinic at the CHUV with a GDM. These women were diagnosed between 24 and 28 weeks of gestation 

according to the ADA and the IADPSG recommendations [46, 50] (see introduction section 1.2 for 

further details on diagnosis). All of these women are seen by a multidisciplinary team of specialists 

and undergo the care described in section 1.5. 

2.3.2.2 Inclusion and exclusion criteria 

Both prospective clinical cohort studies integrated in this thesis had shared inclusion and 

exclusion criteria. Nevertheless Figure 7 below illustrates minor differences in italics. 

Inclusion: Women were integrated in both studies if they had a GDM diagnosis. They were 

only included if they had given written consent for usage of their data. 
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Exclusion: Women were excluded from both studies if they were diagnosed with any other 

type of diabetes than GDM (i.e. type 1 and type 2 diabetes, GDM diagnosed at £13 weeks of gestation, 

diabetes diagnosed during pregnancy, pre-existing diabetes, or glucose intolerance) or if they had 

normal oGTT results. Women that were participating in study B’s intervention group were also 

excluded, as they received a specific intervention including support to reduce mental health 

symptoms. Women that were ≤18 years of age were excluded as well. Finally, women were excluded 

if their first GDM visit took place before the first of January 2016, as mental health data only started 

to be routinely collected at this date. Further exclusion criteria were applied for study D. For this study, 

women had to be present at both the first and at the last GDM visits, as baseline mental health 

(assessed at the first GDM visit) and a record of glucose-lowering medication (assessed at the last 

GDM visit) had to be accounted for. Thus, women who did not attend one of these two visits or both 

were excluded, as shown in italics in the flow-chart below. 

Figure 7. Prisma flow-chart for studies C and D. 
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2.3.2.3 Consent and recruitment 

All patients followed up at the GDM clinic are asked to take part in the ongoing GDM cohort 

by the research team and are given a consent form to sign containing further information on data 

usage. The « Commission Cantonale (VD) d’éthique de la recherche sur l’être humain (CER-VD) » 

approved the study protocol ”Impact du diabète gestationnel sur la mère et son enfant pendant et 

après la grossesse“ (study n° 326/15). 

2.3.2.4 Cohort data base 

The women are seen regularly from their diagnosis and up to three years postpartum. Data 

including information on mental health, anthropometry, metabolism, and socio-demographic 

variables are collected and saved in “SecuTrial”, a secure database, which was started in October 2011. 

Mental health questionnaires only started to be systematically collected from January 2016 and the 

three years postpartum visit has only been added recently. 

2.3.2.5 Data collection visits 

There were three data collection visits for studies C and D. The first data collection took place 

at the first GDM visit at which anthropometric, mental health and socio-demographic outcomes were 

collected. The second data collection took place at the last GDM visit, at which anthropometric, mental 

health outcomes and information about the intake of glucose-lowering medication (for study D only) 

were collected. In study D only, a third data collection took place at the 6-8 weeks postpartum visit 

during which mental health outcomes were collected.  

2.3.2.6 Mental health outcomes and measures  

 Mental health outcomes included depression and well-being. For study C and D, these mental 

health outcomes were assessed with the help of two validated questionnaires: the EPDS and the World 

Health Organization Well-being Index-Five (WHO-5) both described below. 

 The EPDS measured symptoms of depression in the preceding seven days [151]. Self-report 

questionnaires were distributed in French and in English. For women who did not understand these 

languages, a certified professional translator was provided by the GDM clinic at the CHUV to help 

women complete the questionnaire. This was done to ensure that the multi-ethnicity and diversity of 

the women coming at the GDM clinic at the CHUV was accounted for. Each item of the EPDS measured 

symptoms of depression with items, such as: “I have been able to laugh and see the funny side of 

things” on a 4-point scale, the minimum and maximum total scores being 0 and 30, respectively. In 

both studies, a dichotomous variable using a cut-off of ≥ 11 to separate women with or without 

clinically relevant depression scores was created [152]. For this cut-off, the terminology “clinically 

relevant symptoms of depression” was chosen, given that clinical interviewing represents the gold 
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standard to diagnose depression [153]. The EPDS has been validated in pregnant women [152], as well 

as in a French sample. Good psychometric properties have been reported, with good criterion validity 

and internal consistency (Cronbach's alpha: 0.76), as well as good short term test-retest reliability 

(0.98) [154].  

The WHO-5 assessed the subjective well-being of the participants with five questions [155]. 

As the WHO-5 is validated in 31 different languages, it was administered in a variety of different 

languages in accordance with the ethnical diversity of the patients. The items are unidimensional and 

measured well-being with items such as: “I have felt cheerful and in good spirits” on a 5-point Likert 

scale ranging from 0 ‘at no time’ to 5 ‘all of the time’. The final score was then calculated by multiplying 

the total score by 4. Thereby, the final score ranged from 0 to 100. The WHO-5 was originally designed 

to measure well-being (coping with illness), negative well-being (depression and anxiety) and energy, 

it used to be comprised of 28 items and was then reduced to fewer items [156]. When the five-item 

version was created, studies demonstrated that it could be used to measure depression, indicated by 

a total score of <13 [157] or < 50 for the final score [158]. In other studies, the WHO-5 also has been 

demonstrated to be highly negatively associated with observer-rated and self-report measures of 

symptoms of depression [159]. As the relationship between well-being and metabolic health in GDM 

pregnancy had not been studied when this study was initiated, this questionnaire was used to measure 

well-being [160]. The scale has shown to have adequate validity and good psychometric properties, as 

the Cronbach's alpha was of 0.88 and good internal consistency in French in a previous study [155]. 

This scale has been applied successfully across a wide range of study fields, though it has been used 

most extensively in endocrinology [161].  

For study C, the EPDS was collected at the first GDM visit, whilst the WHO-5 was completed 

at the first and last GDM visits. For study D, data from the EPDS and the WHO-5 was additionally 

collected at 6-8 weeks postpartum. Please see an overview of these data collection visits in Figure 6. 

2.3.2.7 Anthropometric outcomes and measures  

In this thesis, anthropometric outcomes included weight, weight gain, height and BMI. Weight 

was measured in light clothes and without shoes to the nearest 0.1 kg and height was measured to 

the nearest 0.1 cm both these measures were assessed with a regularly calibrated electronic scale 

(Seca®). Body Mass Index (BMI) was calculated based on the measured height and weight using the 

formula weight(kg)/[height(m)]2. For study C only, a “weight gain during pregnancy” variable was 

calculated by subtracting the weight at first GDM visit from the weight at the last GDM visit. In study 

C, anthropometrics from the first and last GDM visit were used. In study D, only BMI was used as a 

confounder in some of the analysis. 
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2.3.2.8 Socio-demographic variables 

For both studies C and D, additional socio-demographic variables were collected during the 

clinical visits or extracted from medical records. These variables were social support, maternal age, 

educational level, prior GDM diagnosis, family history of diabetes and HbA1c; which was measured via 

a chemical photometric method (conjugation with boronate; Afinion®) [162, 163] These variables 

were all collected at the first GDM visit except for gestational age which was collected at both the first 

and the last GDM visits. 

2.3.2.9 Statistical analysis 

Hereafter, only the analyses that took place for study C are described. All analyses were 

carried out with Stata/SE 15.0 (StataCorp LLC, TX, USA). Continuous and normally distributed variables 

were described as means and standard deviations and ordinal outcomes were described as 

frequencies and percentages. Statistical significance was set at p<0.05.  Additionally to means and 

standard deviations for continuous variables, normality of distribution was graphically assessed with 

normal QQ-plots. 

Analysis:  For aim 3, investigating the evolution of well-being through time and (3bis) its 

association with depression, a paired t-test was conducted to study if well-being changed between 

the first and the last GDM visits. The association between well-being and depression was then 

measured at the first GDM visit through univariate linear regressions with the depression score and 

cut-off of ≥ 11 as independent variables and the well-being score as the dependant variable.  

For aim 4, investigating the prospective association between mental health variables, weight 

(4a1), and weight gain (4a2), univariate linear regressions were conducted with the depression score 

and the cut-off of ≥ 11 and the well-being score all measured at the first GDM visit as the independent 

variables. The dependant variables were weight at the first GDM visit and weight gain between the 

first and the last GDM visits.  

Models: For all regressions, two models were used. In Model 1, no adjustments were made 

for confounders in order to assess the raw associations between two variables of interest. In  Model 

2, adjustments for the following confounding variables were made: maternal age, gestational age, 

educational level, and social support all at the first GDM visit. For aim 3 and 4a2, BMI at the first GDM 

was added as a confounder. The reason these confounders were added is because they are usually 

used as such in the current research in GDM (maternal age and BMI). More specifically, gestational 

age was added as it has an impact on the mother’s weight [164] and the educational level [165] and 

social support status [166] have an impact on the mother’s mental health. 
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Missing variables: At the first GDM visit, there were missing cases for the following variables: 

height (7), weight (18), BMI (19), weight gain (53), gestational age (2), ethnicity (5), social support (25), 

educational level (57), the depression score and cut-off (42), the well-being score (39). At the last GDM 

visit, there were missing cases for gestational age (120) and the well-being score (105). Therefore, 

imputations based on the Missing at Random assumption were conducted by using the Multiple 

Imputation by Chained Equations method [167]. Given that this led to similar results, the original data 

was used for this study. 

2.3.3 Results 

The 334 women integrated in this study had a mean age of 33.4±5.5 years, a mean gestational 

age of 28.9±3.3 weeks, a mean weight of 78.3±14.8 kg, a mean well-being score of 60.1±20.2 and a 

mean depression score of 7.5±5.5, with 26.0% of women having clinically relevant symptoms of 

depression at the first GDM visit. At the last GDM visit, the mean gestational age was 36.2±1.9 weeks, 

the mean weight was 80.6±14.8 kg and the mean well-being score was 67.2±18.3.  

2.3.3.1 Evolution of mental health variables through time in pregnancy  

The well-being score increased from 60.3 ± 20.5 at the first GDM visit to 67.4 ± 17.9 at the last 

GDM visit, indicating a 7.1 point (± 16.5) or an 11.8% increase on average among study participants 

(CI=4.9-9.3; p<0.0001), see Table 1 in the appendix section 8.3 for more details.  

Table 2 below shows that the well-being and depression scores were negatively associated in 

both the models, whether the depression scores or cut-off of ≥ 11 were used. Strong and inverse 

correlations between the well-being and depression scores (r= -0.55; p<0.0001) were also found. The 

same association was weaker when the cut-off of ≥11 was used for depression (r= -0.47; p<0.0001). 
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Table 2. Associations between mental health variables at the first GDM visit. 

 

 Model 1 Model 2 

 
β-Coefficient (95% confidence 

interval) 
β-Coefficient (95% confidence 

interval) 
 Well-being score 
Depression score -2.077 (-2.445 – -1.708)** -1.953 (-2.373 – -1.532)** 

Depression cut-off of 
≥ 11 

-21.773 (-26.502 – -17.044)** -20.933 (-26.203 – -15.622)** 

 
* p<0.05, ** p<0.01 

Model 1 was an unadjusted linear regression model. Model 2 was a linear regression model with 

adjustments for: Maternal age, gestational age, educational level, social support and BMI at the first 

GDM visit.  

2.3.3.2 Associations between mental health and weight variables 

Table 3 below shows that mental health at the first GDM visit was not associated with weight 

at the same visit. In spite of that, after adjustments in model 2, there was a trend towards an inverse 

association between the well-being score and weight at the first GDM visit (β=-0.09; p=0.07). 

Table 3. Associations between mental health variables and weight at the first GDM visit. 

 

 Model 1 Model 2 

 
β-Coefficient (95% confidence 

interval) 
β-Coefficient (95% confidence 

interval) 
 Weight (kg) 
Depression score 0.048 (-0.259 – 0.356) 0.043 (-0.309 – 0.394) 

Depression cut-off of 
≥ 11 

0.780 (-3.009 – 4.567) 1.534 (-2.794 – 5.861) 

Well-being score -0.055 (-0.138 – 0.027) -0.088 (-0.184 – 0.008) 

 
* p<0.05, ** p<0.01 

Model 1 was an unadjusted linear regression model. Model 2 was a linear regression model with 

adjustments for: Maternal age, gestational age, educational level and social support at the first GDM 

visit. 

Table 4 below shows that mental health at the first GDM visit was not associated with weight 

gain between the first and last GDM visit, except for women with clinically relevant symptoms of 

depression. Indeed, in these women, the depression cut-off of ≥11 at the first GDM visit was 

significantly associated with subsequent weight gain in the unadjusted model.  
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Table 4. Associations between mental health variables at the first GDM visit and subsequent weight 

gain. 

 

 Model 1 Model 2 

 
β-Coefficient (95% confidence 

interval) 
β-Coefficient (95% confidence 

interval) 
 Weight gain (kg) between the first GDM visit and the last GDM visit 
Depression score 0.056 (-0.029 – 0.142) -0.011 (-0.104 – 0.082) 

Depression cut-off of 
≥ 11 1.249 (0.203 – 2.294)* 0.237 (-0.910 – 1.383) 

Well-being score 0.007 (-0.016 – 0.030) 0.011 (-0.014 – 0.036) 

 
* p<0.05, ** p<0.01 

Model 1 was an unadjusted linear regression model. Model 2 was a linear regression model with 

adjustments for: Maternal age, gestational age, educational level, social support and BMI at the first 

GDM visit. 

2.3.4 Conclusion 

This study showed that (3) mental health, and more specifically, well-being evolved positively 

between the first and last GDM visit. Secondly, it showed that (3bis) the well-being and depression 

scores were inversely and overall moderately associated with one another as the well-being scores 

explained around 25% of the variance in the depression scores. This implies that other factors might 

impact both mental health variables and that it is more informative to measure them both. As this 

secondary aim was conducted solely to assess the usefulness of using both the well-being and 

depression scales, this association will not be discussed further in the thesis and both the scales will 

be used in study D. Clinically relevant symptoms of depression (cut-off of ≥	11) were associated with 

subsequent weight gain (4), although none of the other measures of mental health were associated 

with weight or weight gain in this prospective clinical cohort of women with GDM. 

2.3.5 Personal Contribution 

The candidate significantly participated in the conception and design of the study, coordinated 

the study and the data collection, collected data, participated in the data analysis, participated in the 

interpretation of data, drafted and adapted the manuscript. 
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2.4 Study D: Mental health and its associations with glucose-lowering 
medication in women with gestational diabetes mellitus. A prospective 
clinical cohort study 

Authors for D: Leah Gilbert, Argyro Nikolaou, Dan Yedu Quansah, Jean-Benoît Rossel, Antje Horsch* 

and Jardena J. Puder* 

* joint last authors 

Published in: Psychoneuroendocrinology, 2020. 

 2.4.1 Aims 

The aims of study D were to investigate (3) the evolution of mental health in women with 

GDM up to the 6-8 weeks postpartum visit and (4b1) if the intake of glucose-lowering medication 

independently modified this evolution and (4b2) if mental health symptoms in women with GDM 

predicted an intake of glucose-lowering medication during GDM pregnancy. Clinically relevant 

symptoms of depression (4bis) were also added as an interaction factor to investigate if the associations 

(4b) would change in their presence, i.e., if they were different in the presence of symptoms of 

depression. Hereafter is a summary of study D (for more details, see the last version of the proof of 

the accepted paper in Appendix 8.4). 

2.4.2 Methods 

As a reminder, the methods described in study C are applicable to study D from section 2.3.2 

up to, but not including section 2.3.2.9, as both studies were conducted on the same prospective 

clinical cohort of women seen at the GDM clinic at the CHUV. Below, only the methods applicable to 

study D are described. 

2.4.2.1 Glucose-lowering medication outcome and measures 

Glucose-lowering medication was both an outcome and a predictor. It included two types of 

variables. First, a dichotomous (yes, no) variable named “glucose-lowering medication” was created 

to separate women who did or did not take glucose-lowering medication during their pregnancy. For 

additional and more detailed analysis, a second variable was computed with four categories: (1) no 

glucose-lowering medication intake, (2) metformin only (oral medication), (3) long-acting (basal) 

bedtime insulin (±metformin), and (4) short-acting (meal) insulin (± long-acting bedtime insulin and/or 

metformin). These categories of glucose-lowering medication were formed based on degrees of 

burden to the participants: from (1) putting no strain on women to (4) being most burdensome (as 

women have to carry syringes with them wherever they go and inject before the meals, often outside 

of their home). This variable is named “detailed glucose-lowering medication” in study D and the 
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reference category is 1=no glucose-lowering medication intake. The information regarding glucose-

lowering medication intake was retrieved from the medical records at the last GDM visit. 

2.4.2.2 Statistical Analysis 

All analyses were carried out with SPSS (IBM Corp. Released 2017. IBM SPSS Statistics for 

Windows, Version 25.0. Armonk, NY: IBM Corp.). Descriptive statistics were conducted for socio-

demographic variables. Continuous and normally distributed variables were described as means and 

standard deviations and ordinal outcomes were described as frequencies and percentages. Statistical 

significance was set at p<0.05. 

Analysis : For aim 3, the trajectory of the depression and well-being scores between the first 

and last GDM visit and the 6-8 weeks postpartum were investigated. For this evolution, a linear mixed 

effects model was computed. 

For aim 4b1 that investigated if this evolution of mental health was modified by the intake of 

glucose-lowering medication, prospective associations between the use of glucose-lowering 

medication and subsequent mental health at the last GDM visit and the 6-8 weeks postpartum visit, 

were assessed. For this aim a linear regression was performed when glucose-lowering medication was 

a binary predictor and a general linear model was performed when the detailed glucose-lowering 

medication was a categorical predictor. For aim 4b2, investigating the prospective association between 

mental health and the subsequent intake of glucose-lowering medication, logistic regression analyses 

were conducted with the intake of glucose-lowering medication (yes, no) as the dependent variable 

and with depression and well-being as the predictors. Finally, for aim 4bis, to see if these associations 

were different in women with clinically relevant symptoms of depression, an interaction analysis was 

conducted and if the interaction terms were significant, a stratification analysis followed.   

Models: For all regressions, two models were used. In Model 1, adjustments were made for 

maternal age and gestational weeks at the first GDM visit [168, 169]. In Model 2, variables that were 

significantly correlated with the respective dependent variable were added on top of Model 1. The 

following potential confounding variables were tested: family history of diabetes, prior GDM 

diagnosis, BMI, HbA1c, social support, and educational level all evaluated at the first GDM visit. Based 

on the results of the correlational analysis and for aim 4b1, only family history of diabetes was added 

as a confounder in Model 2 when the dependent variable was well-being, while there was no Model 

2 when the dependent variable was depression, as none of the tested confounders correlated with 

this score. For aim 4b2 family history of diabetes, social support, educational level, and HbA1c were 

added as confounders in Model 2. Furthermore, the regressions were adjusted for baseline mental 
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health variables assessed at the first GDM visit and completely unadjusted models were also tested. 

As both these analysis did not change the results, models 1 and 2 were selected.  

Missing variables: At the first GDM visit, there were missing cases for maternal education (55), 

social support (22), family history of diabetes (22), gestational age (5) and HbA1c values (10) and there 

were missing cases for gestational age at the last GDM visit (109) too. For the well-being scores, there 

were missing variables at the first (33) and last GDM visits (99) and at the 6-8 weeks postpartum visit 

(50). For the depression scores, there were missing cases at the first GDM visit (36) and at the 6-8 

weeks postpartum visit (51). Missing data were not imputed. 

2.4.3 Results 

The 341 women integrated in this study had a mean age of 33.62±5.34 years and a mean 

gestational age of 28.85±3.38 weeks at the first GDM visit. 25.2% of them suffered from clinically 

relevant symptoms of depression, and 47.8% of women took glucose-lowering medication during their 

GDM pregnancy, see Table 1 in appendix 8.4 for more details. 

2.4.2.1 Evolution of mental health variables between the first GDM and the 6-8 weeks 
postpartum visits 

Figure 8 below shows that the depression scores decreased by 26% between the first GDM 

visit and the 6-8 weeks postpartum visit (B=-1.74, CI= -2.22 – -1.26, p<0.01). Specifically, mean scores 

changed from a 7.43 ± 5.46 at the first GDM visit to 5.90 ± 4.40 at 6-8 weeks postpartum. 
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Figure 8. Evolution of the depression scores in study D. 

 

Values are shown as means and standard errors. For illustrative purposes, women with and without 

glucose-lowering medication were separated and the figure demonstrates an overall effect of time 

with significant decreases in mean depression (EPDS) (B=-1.74, CI= -2.22 – -1.26, p<0.01) in both 

groups.  

Figure 9 below also shows time had a positive effect on the well-being scores. Indeed, they 

increased overall by 7% between the first GDM and the 6-8 weeks postpartum visits (B=2.49, CI= 1.34 

– 3.64, p<0.01). More specifically, the mean well-being scores changed from 60.55 ± 20.368 at the first 

GDM visit to 67.59 ± 17.96 at the last GDM visit, and to 65.43 ± 18.79 at 6-8 weeks postpartum visit. 
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Figure 9. Evolution of the well-being scores in study D. 

 

Values are shown as means and standard errors. For illustrative purposes, women with and without 

glucose-lowering medication were separated and the figure demonstrates the overall effect of time 

with significant increases in the well-being (WHO-5) scores in the overall sample (B=2.49, CI= 1.34 – 

3.64, p<0.01). Of all interaction effects tested, the only significant finding relates to the presence or 

not of clinically relevant depression at the first GDM visit on the association between glucose-lowering 

medication in pregnancy and the well-being score at 6-8 weeks postpartum (*p for interaction=0.01).  

2.4.3.2 Associations between the intake of glucose-lowering medication and 
subsequent mental health during and after pregnancy  

The intake of glucose-lowering medication (as a dichotomous variable and as a four categories 

variable) during pregnancy had no impact on this positive evolution of mental health either during or 

after pregnancy. There was one exception, in the 13 women using metformin during pregnancy, there 

was an improvement in the well-being scores at the postpartum visit compared to women with no 

glucose-lowering medication (using the 4-categories variable, p=0.03, see Table 5 below).  
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Table 5. Associations between detailed glucose-lowering medication treatment during pregnancy and 
subsequent mental health.  

 Model 1 Model 2 

 Well-being scores at the last GDM visit 

Metformin vs none B= -0.62 (CI= -11.66 – 10.43) B= -0.99 (CI= -11.63 – 9.65) 

Long-acting Insulin vs none B= -2.95 (CI= -8.86 – 2.96) B= -1.99 (CI= -7.79 – 3.82) 

Short-acting Insulin vs none B= -0.54 (CI= -6.22 – 5.13) B= -0.24 (CI= -5.84 – 5.36) 

 Well-being scores at 6-8 weeks postpartum 

Metformin vs none B= 11.65 (CI= 1.06 – 22.24)* B= 11.42 (CI= 0.92 – 21.92)* 

Long-acting Insulin vs none B= -1.97 (CI= -7.60 – 3.67) B= -1.41 (CI= -7.16 – 4.34) 

Short-acting Insulin vs none B= 1.26 (CI= -4.04 – 6.55) B= 1.57 (CI= -3.81 – 6.95) 

 Depression scores at 6-8 weeks postpartum 

Metformin vs none B= -0.15 (CI= -2.64 – 2.34) - 

Long-acting Insulin vs none B= 1.00 (CI= -0.34 – 2.31) - 

Short-acting Insulin vs none B= 0.46 (CI= -1.72 – 0.80) - 

 

* p <0.05 

Results were reported as β-Coefficient (95% confidence interval) from a general linear model.  

The following three categories are compared to (1) “no glucose-lowering medication” (termed “none”) 

being used as a reference category: (2) metformin only, (3) long-acting (basal) bedtime insulin 

(±metformin), and (4) short-acting (meal) insulin (± long-acting bedtime insulin and/or metformin). 

Model 1 was adjusted for maternal age and gestational age at first GDM visit. 

Model 2 was adjusted for maternal age, gestational age, family history of diabetes and well-being at 

the first GDM visit, except for the analyses with the depression scores at 6-8 weeks postpartum, for 

which no additional confounders were added as no additional variables were correlated to the 

dependent variable. 

Moreover, when analyzing the interaction effect of clinically relevant symptoms of depression 

on the association between glucose-lowering medication and subsequent mental health, one 

interaction effect was significant. In women with clinically relevant symptoms of depression, glucose-

lowering medication in pregnancy was associated with a lower improvement in the well-being score 
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between the first GDM and the 6-8 weeks postpartum visit compared to women without clinically 

relevant symptoms of depression (p for interaction=0.01, Figure 9). Thus, further stratification analysis 

were conducted and showed that, in women with clinically relevant symptoms of depression, glucose-

lowering medication was associated with a non-significant -8.82 (p=0.063) point decrease in the well-

being scores at the 6-8 weeks postpartum visit. In women without symptoms of depression, glucose-

lowering medication lead to a non-significant increase of 4.02 points (p=0.12) in the well-being scores 

at 6-8 weeks postpartum. There was no other interaction effect of clinically relevant symptoms of 

depression on the associations between glucose-lowering medication during pregnancy and 

subsequent mental health.  

2.4.3.3 Associations between mental health and the subsequent intake of glucose-
lowering medication during pregnancy 

Neither the depression (OR=1.0 (CI=0.96 – 1.04; p=0.94) nor the well-being scores (OR=0.99 

(CI=0.98 – 1.01; p=0.29) at the first GDM visit predicted a subsequent intake of glucose-lowering 

medication during pregnancy in this prospective clinical cohort of women with GDM. These results 

remained similar in Model 2 [(OR=0.99 (CI=0.93 – 1.04; p=0.62) and (OR=0.99 (CI=0.98 – 1.01; p=0.30)]. 

Clinically relevant symptoms of depression at the first GDM visit did not change the association 

between the well-being score and the subsequent intake of glucose-lowering medication (p for 

interaction=0.80).   

2.4.4 Conclusion 

This prospective clinical cohort study showed that (3) mental health evolved positively 

through time in this cohort of women with GDM. The study also (4b1) did not find that the intake of 

glucose-lowering medication impacted overall on this positive evolution of mental health, neither 

during nor after pregnancy. However, the interaction analysis (4bis) demonstrated that in women that 

had clinically relevant symptoms of depression at the first GDM visit, glucose-lowering medication led 

to less improvements in the well-being scores at the 6-8 weeks postpartum visit compared to women 

with no symptoms of depression. No other interaction effect was found in the investigated 

associations (4b1 and 4b2). Furthermore, mental health (4b2) was not associated with a subsequent 

intake of glucose-lowering medication. Thus, this study demonstrated that glucose-lowering 

medication could be prescribed without the risk of worsening mental health symptoms and that 

women with symptoms of depression may benefit from psychosocial well-being interventions. 



Leah Gilbert PhD in Life Sciences December 2020 
 

42 

2.4.5 Personal Contribution 

The candidate significantly participated in the conception and design of the study, coordinated 

the study and the data collection, collected data, conducted the data analysis, participated in the 

interpretation of data, and drafted and adapted the manuscript.  



Leah Gilbert PhD in Life Sciences December 2020 
 

43 

3. GENERAL DISCUSSION AND PERSPECTIVES 

 This thesis set out to investigate how psychosocial well-being factors influence lifestyle 

behaviors and metabolic health in women with GDM through four different studies. The first aim of 

this thesis (study A) was to synthetize evidence on (1a) how diet, physical activity and psychosocial 

well-being interact in women with GDM and their offspring and on (1b) how effective interventions 

were in reducing adverse outcomes related to GDM. The key finding for study A was that psychosocial 

well-being had never been integrated as a part of lifestyle interventions in women with GDM, although 

social support and self-efficacy were associated with improvements in lifestyle behaviors, such as diet 

and physical activity, in both observational studies measuring these associations. Study A also 

demonstrated that lifestyle interventions were associated with diet and frequently to physical activity, 

and with some improved adverse outcomes related to GDM (i.e. waist and hip circumference, LDL 

cholesterol, triglycerides, oGTT, postprandial glucose values, and postpartum diabetes status) and 

with psychological factors (i.e. stress, quality of life and fatalistic beliefs). The second aim of this thesis 

(study B) was to test the effect of an interdisciplinary lifestyle and psychosocial well-being continuous 

perinatal intervention in women with GDM on maternal, infant and paternal metabolic and mental 

health outcomes. As this trial is still ongoing, the thesis solely presented the study protocol. The third 

aim of this thesis was to investigate the evolution of mental health (specifically depression and well-

being) through time (studies C and D). The key findings of these last two studies was that mental health 

evolved positively between the first and the last GDM and the 6-8 weeks postpartum visits and that it 

was unaffected by the intake of glucose-lowering medication, except in women with clinically relevant 

symptoms of depression. In this last subgroup, the intake of glucose-lowering medication was 

associated with less improvements in the well-being scores at the 6-8 weeks postpartum visit. The 

fourth aim of this thesis investigated the associations between mental health and adverse outcomes 

related to GDM such as weight (4a1), weight gain (4a2) (study C), and glucose-lowering medication (4b) 

during and/or after GDM pregnancy (study D). The key findings of studies C and D were that mental 

health was not associated with weight, weight gain or glucose-lowering medication after GDM 

diagnosis. Nevertheless, an exception was again observed in women with clinically relevant symptoms 

of depression, whereby these symptoms were associated with subsequent weight gain during 

pregnancy in this cohort of women with GDM.  

3.1 Interpretation of findings 

3.1.1 Key finding 1: Psychosocial well-being, lifestyle interventions and outcomes 

The first key finding showed that psychosocial well-being was not a part of lifestyle 

interventions, although psychosocial well-being variables such as social support and self-efficacy were 
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associated with a healthy diet and physical activity. Furthermore, lifestyle interventions improved diet 

and mostly physical activity as well as some of the adverse outcomes related to GDM and stress, 

quality of life and fatalistic beliefs (in study A). The fact that no previous studies were found on 

psychosocial well-being interventions was not surprising, given that psychosocial well-being in women 

with GDM has only started to be investigated recently, as can be seen on PubMed [170]. The fact that 

psychosocial well-being improved adherence to diet and physical activity can be corroborated by the 

adapted theoretical biopsychosocial model of mental health, and by previous research showing an 

effect of psychosocial well-being on lifestyle behaviors in women with GDM [30-32]. 

Study A also demonstrated that only social support and self-efficacy were associated with 

lifestyle behaviors, and no information was found on the direct impact of mental health symptoms on 

these lifestyle behaviors. This is surprising because mental health symptoms are known to be 

important barriers to adopt healthy lifestyle behaviors in women with a history of GDM [31]. 

Consequently, mental health symptoms should be taken into account when investigating women’s 

lifestyle behaviors. One could hypothesize that the improvements found in diet and physical activity 

in study A, could be caused by a positive evolution of mental health following improvements in self-

efficacy and social support [27, 29, 92, 111]. The MySweetHeart trial’s protocol which was based on 

the results of study A will contains factors which should enable the adherence to lifestyle interventions 

in women with GDM by inserting a psychosocial well-being intervention. Hence, as described in 

section 2.2.2.5, the trial contains interventions which aim to improve social support, self-efficacy and 

mental health. This could and hopefully will, in turn, reduce sedentary behavior and poor diet quality 

[82, 85], which should reduce the risk of obesity [112-114]. Both the healthy lifestyle behaviors and 

the reduced obesity risk will then help to reduce adverse outcomes related to GDM and the 

development of metabolic diseases [64, 85, 96-98, 102, 109, 110]. This reduction of adverse outcomes 

related to GDM was only partly shown in study A, as lifestyle interventions only led to improvements 

in waist and hip circumference, LDL cholesterol, triglycerides, oGTT, postprandial glucose values, and 

postpartum diabetes status. Although, in the conceptual model that derived from study A, it is 

hypothesized that as psychosocial well-being improved adherence to lifestyle behaviors (diet, physical 

activity), it would have the potential to improve adverse outcomes related to GDM to a higher extent 

than a stand-alone lifestyle intervention. Furthermore, it could probably improve the obstetric and 

neonatal outcomes, which had shown inconsistent results in study A. Therefore, the MySweetHeart 

trial may have the potential to improve the adverse outcomes related to GDM in the mother, the 

infant and perhaps also, in the partner. 

Finally, the fact that lifestyle interventions led to the reduction in stress and fatalistic beliefs 

and to improvements in the quality of life could be explained by the fact that the women following a 
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lifestyle intervention feel empowered [1]. A lifestyle intervention may allow them to gain control over 

their GDM and this may therefore reduce their stress levels and augment their quality of life as they 

have new resources to deal with GDM management. The education they receive may also lead to a 

new comprehension of their illness and therefore to less fatalistic beliefs with regards to their diabetes 

[1, 121]. Furthermore, reductions in stress, fatalistic beliefs and augmentation in quality of life may, 

in turn, reduce mental health symptoms such as depression [171-173]. This last hypothesis can also 

be corroborated by the second key finding discussed below, as it showed a positive evolution of 

mental health in women with GDM treated through a lifestyle intervention at the GDM clinic at the 

CHUV. 

3.1.2: Key finding 2: The positive evolution of mental health 

The second key finding was the positive evolution of mental health through time in studies C 

and D in the short time separating GDM diagnosis and the 6-8 weeks postpartum visit. This positive 

evolution was unaffected by glucose-lowering medication and was influenced by clinically relevant 

symptoms of depression. The overall positive evolution of mental health shows that even if women 

with GDM suffer from mental health symptoms in the perinatal period more often [174], they are still 

able to attain similar mental health scores at the 6-8 week postpartum visit compared to women 

without GDM [175]. This positive evolution could be due to the social support they receive from the 

clinicians that care for them [176, 177]. The results also demonstrated that this positive evolution of 

mental health could also simply be due to a time-effect, and it could be explained by a recovery after 

the initial disappointment or shock of the diagnosis [92]. 

This positive evolution of mental health was unaffected by the presence of glucose-lowering 

medication, as demonstrated in study D and as shown by previous research in women with GDM [82]. 

This could imply that, in this prospective clinical cohort, glucose-lowering medication is well accepted. 

Previous studies have shown that insulin and metformin are generally well accepted during pregnancy 

in women with GDM [108], although insulin can also be a source of fear and anxiety in women with 

GDM [178]. Based on the data, the intake of glucose-lowering medication is not an additional burden 

that could impact mental health, as initially hypothesized and as illustrated in the adapted theoretical 

biopsychosocial model of mental health, demonstrating a bidirectional relationship between mental 

health symptoms and glucose-lowering medication (that is given only in the case of high glucose values 

represented as red factors in the model).  

Notwithstanding, the positive evolution of mental health was reduced in women who had 

both clinically relevant symptoms of depression and glucose-lowering medication. Indeed, these 

women experienced a lower increase of the well-being scores at the 6-8 weeks postpartum visit, 



Leah Gilbert PhD in Life Sciences December 2020 
 

46 

compared to women with no symptoms of depression. This finding was not surprising, because, in the 

general population is has been shown that depression is negatively associated with well-being [179] 

and, to that end, depression in pregnancy could have directly affected well-being in the postpartum 

period. Secondly, as these women stop glucose-lowering medication at delivery, there could be an 

increase in stress related to the oGTT test that takes place at 6-8 weeks postpartum (see illustration 

of visits in Figure 6). These women may be more stressed by the results of this test, as they are used 

to experiencing high glucose values and to taking glucose-lowering medication to control them. As 

stress is known to lead to symptoms of depression in pregnancy and in the postpartum [171-173] and 

given that these women already had clinically relevant symptoms of depression in pregnancy, all of 

this together may lead them to attain lower levels of well-being. 

3.1.3 Key Finding 3: Mental health and its impact on metabolic health 

The third key finding was the fact that mental health was not associated with subsequent 

weight, weight gain or the intake of glucose-lowering medication. An exception was found for clinically 

relevant symptoms of depression which were associated with subsequent weight gain in pregnancy. 

As operationalized by the bidirectional relationship illustrated at the center of the adapted model, 

mental health symptoms should affect adverse outcomes related to GDM, such as weight or weight 

gain, and lead to higher glucose values [99], which could then lead to the intake of glucose-lowering 

medication [35, 44, 104]. Conversely, well-being should improve adverse outcomes related to GDM 

and therefore may be negatively associated with weight, weight gain or the intake of glucose-lowering 

medication. Surprisingly, there were no associations between mental health or mental health 

symptoms and either of these outcomes, except in women with clinically relevant symptoms of 

depression. This last finding is in line with previous studies which demonstrate that depression is 

associated with weight gain in pregnancy [112, 180] and in the general population [114]. However, 

the rest of the findings showing no association between mental health and weight are in contradiction 

with previous studies. These studies show that symptoms of depression are associated with weight 

[113, 181], and that well-being is negatively associated with weight in the general population [182]. 

Moreover, in previous research, mental health symptoms were associated with metabolic issues (i.e. 

GDM development, its related adverse outcomes and other metabolic diseases) and should therefore 

be associated with higher glucose values in GDM pregnancy and thereby lead to a higher intake of 

glucose-lowering medication [71, 109]. 

Regarding the fact that no significant association between mental health and weight or weight 

gain were found, this may be due, firstly, to the short time period separating the first and last GDM 

visit. There was a mean of seven weeks separating the first and the last GDM visits. The mean weight 

gain between these two visits was low, as it was around 2.4 (±3.5) kgs. In a similar cohort of women 
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with GDM, our team has shown that women usually gain 12.75 (±5.96) kgs over the whole pregnancy 

[183]. The time frame chosen for study C might have then, been too short to capture the potential 

effects of mental health on weight and weight gain in pregnancy. Associations between mental health 

symptoms before GDM diagnosis and weight or weight gain over the whole pregnancy may have been 

found, as shown in previous research [184]. Also, if these associations would have been studied in the 

postpartum period, they could have yielded different results. Indeed, previous research has shown 

associations between mental health symptoms and weight retention in the postpartum period [185]. 

There may also have been an impact of the care women with GDM received between the first GDM 

visit and last GDM visit at the GDM clinic at the CHUV on their weight gain. As this population of 

women received diet and physical activity counselling and their weight gain was discussed shortly after 

their GDM diagnosis (as described in section 1.5), there may be have been an effect of these 

interventions on weight gain, as supported by some of the results in study A [3, 5, 9, 13] and by the 

adapted theoretical biopsychosocial model of mental health. Finally, previous research has shown that 

the relationship between depression and gestational weight gain may differ depending on the timing 

of onset depression and that weight gain may even be reduced in women with pre-pregnancy 

depression [186]. Thus, in women with previous depression in the cohort, this could explain why no 

association between mental health symptoms and weight or weight gain were found.  

Concerning the fact that no association between mental health symptoms and the subsequent 

intake of glucose-lowering medication were found, this can be interpreted in light of the care women 

receive in the cohort. Indeed, the healthcare providers at the CHUV offer social support to women 

with GDM which may lead to improvements in mental health [92, 176] as well as to subsequent 

changes in lifestyle behaviors [82, 85, 87]. The social support and/or the positive evolution of mental 

health and/or the positive changes in lifestyle behavior might all have been confounders in the 

associations between mental health and glucose values. Indeed, one can hypothesize that at least one 

of these factors might have confounded the bidirectional association which was investigated between 

mental health and the subsequent intake of glucose-lowering medication. The same can be concluded 

with regards to the fact that no association between well-being and glucose-lowering medication were 

found. Indeed, as well-being is considered to be the opposite of depression [179], this would have 

either yielded significant findings for the association between both mental health variables and 

glucose-lowering medication or none.  
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3.2 Clinical implications of findings 

3.2.1 Key Finding 1: The unanswered questions that remain 

As this thesis’s first key finding demonstrates, there is a gap in the scientific literature with 

regards to the impact of mental health on lifestyle behaviors, but also in the clinical integration of 

psychosocial well-being interventions in women with GDM. It also demonstrated that lifestyle 

interventions improved some adverse outcomes related to GDM as well as led to reductions in stress, 

fatalistic beliefs and augmented the quality of life in these women. This has important clinical 

implications on mothers with GDM and potentially also on their infants and partners. The gap in the 

literature may be filled by the MySweetHeart trial as it will allow an investigation of the combination 

of different approaches aimed at improving social support, self-efficacy (HAPA model and motivational 

interviewing), mental health (CBT approaches if indicated by a score of ³10 on the EPDS), diet and 

physical activity. Hence, this trial will allow to measure the efficiency of this novel and interdisciplinary 

lifestyle and psychosocial well-being approach on the improvements in social support, self-efficacy, 

mental health and on the adherence to lifestyle behaviors [82, 85, 87], and, on the reduction of the 

adverse outcomes related to GDM [96, 98, 102]. This will be done by comparing the control group, 

receiving usual care described in section 1.5, to women receiving the novel lifestyle and psychosocial 

well-being intervention described in section 2.2.2.5. This may have broad implications for the 

guidelines that are currently used in women with GDM, as this would be a first step in showing that 

psychosocial well-being interventions need to be integrated into the care given to women with GDM. 

On the contrary if the women following the intervention have a similar perception of social support, 

self-efficacy, mental health symptoms, comparable lifestyle behaviors and cardio-metabolic outcomes 

than women in the control group, there would be no need for an integration of a psychosocial well-

being intervention of this type for the overall GDM population. Specific sub-groups (for example, 

women treated through CBT for their symptoms of depression) would then need to be analyzed to 

see if there were different benefits, and investigate what other type and duration of intervention 

would best be suited to these women’s needs. Moreover, this trial was also designed to integrate the 

infant and the partner of women with GDM and may yield interesting results. Partners and infants 

related to women in the intervention group may also have improved mental health and metabolic 

outcomes. The results from the MySweetHeart trial will thus allow to inform future clinical practice in 

women with GDM and also, guidelines in a variety of other fields such as diabetes, obstetrics, 

pediatrics, child development, sport, nutrition and public health. Moreover, if the stand-alone lifestyle 

interventions in study A allowed a reduction in stress and fatalistic beliefs and augmented quality of 

life in women, the MySweetHeart trial will also have the potential to improve these psychological 

elements. The motivational part of the intervention will empower women to make healthy lifestyle 
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behavior changes and this may also reduce stress, fatalistic beliefs related to GDM and augment the 

women’s quality of life [1, 121]. 

3.2.2 Key Finding 2: The clinical and medical care in women with GDM 

The second key finding showing there is a positive evolution of mental health regardless of 

the intake of glucose-lowering medication, except in women with both glucose-lowering medication 

and clinically relevant symptoms of depression, has implications for clinical work. The first clinical 

implication is that this shows that even without the integration of a psychosocial well-being 

intervention most women evolve positively between the first GDM and the 6-8 weeks postpartum 

visit, showing that women at the GDM clinic at the CHUV seem to receive sufficient care and support 

to soften the initial shock of their GDM diagnosis. In spite of that, it is important to note these studies 

were only conducted over a short period of time. Another important clinical finding is the fact that the 

intake of glucose-lowering medication did not change this positive evolution of mental health. This is 

reassuring for the clinicians prescribing this medication to women with GDM, as it demonstrates that 

glucose-lowering medication can be prescribed without the risk of worsening mental health 

symptoms. The third clinical implication that can be extracted from this second key finding is that in 

women with both clinically relevant symptoms of depression and glucose-lowering medication in 

pregnancy, there is a lower improvement in the well-being scores at the 6-8 weeks postpartum visit. 

This may imply that it would be interesting to offer psychological support to these women from 

pregnancy and up to the postpartum period.  

3.2.3 Key Finding 3: The importance of screening and treating mental health 
symptoms 

Finally, the third key finding showed that mental health symptoms did not influence adverse 

outcomes related to GDM (weight, weight gain and glucose-lowering medication) in women with GDM 

with the exception of women with clinically relevant symptoms of depression. The association 

between clinically relevant symptoms of depression and weight gain in pregnancy (and the lower 

levels of well-being in the postpartum discussed above) has important clinical implications. This 

finding demonstrates the importance of assessing and treating symptoms of depression, as 

recommended by the National Institute for Health and Clinical Excellence [187]. Furthermore, 

clinically relevant symptoms of depression should be treated as they may lead to multiple adverse 

outcomes in the mother and infant and in their relationship. To cite a few examples, mental health 

symptoms are associated with a lower duration of breastfeeding [188]. They may also lead to 

relationship difficulties between the mother and her infant, which have shown to be prospectively 

associated with suboptimal development of cognitive and emotional functioning of the infant [189, 

190] in the postpartum period. These symptoms should also be treated as they have an effect on 
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weight gain in pregnancy, which is known to be an important risk factor for adverse outcomes in the 

mother and the infant. Research has shown that, in GDM women both weight and excessive weight 

gain can increase hypertensive disorders during pregnancy and weight retention in the postpartum 

period, and augment the risk of developing type 2 diabetes and cardiovascular disease later in life 

[101-103, 191, 192]. Excessive gestational weight gain in women with GDM may also lead to perinatal 

complications, such as a higher risk of preterm and caesarean delivery, macrosomia, and to birth 

weights over the 90th percentile for age and sex [64, 96-98]. Given all the implications that may be 

related to clinically relevant symptoms of depression it seems important to screen for these symptoms 

and propose adapted care. 

3.3 Theoretical implications of findings and perspectives for future 
research 

The overall objective of this thesis was to investigate how psychosocial well-being factors 

influence lifestyle behavior and metabolic health in women with GDM. To answer this objective, the 

thesis was based on the adapted theoretical biopsychosocial model of mental health, which allowed 

a careful selection of the associations to investigate between the factors. This section lists and 

illustrates which associations from the model this thesis was able to corroborate, which findings 

contradicted the model, the inconsistencies that were found or the gaps in the literature and the 

remaining associations, which warrant further investigations. 

3.3.1 Findings that supported the biopsychosocial model of mental health 

The associations shown in this thesis are depicted in black in Figure 10 below. Firstly, were 

able to demonstrate the association between social support, self-efficacy and lifestyle behavior. 

Indeed, study A demonstrated that both social support and self-efficacy and lifestyle interventions 

improved the adherence to lifestyle behaviors, especially to diet. Study A also demonstrated that 

lifestyle interventions led to improvements in some of the adverse outcomes related to GDM. Finally, 

study A demonstrated that lifestyle interventions had the potential to influence psychological factors 

from the original theoretical biopsychosocial model of mental health such as stress, fatalistic beliefs 

and quality of life. Therefore, the findings in black reinforce these associations from the adapted 

theoretical biopsychosocial model of mental health. 

3.3.2 Findings that contradicted the biopsychosocial model of mental health 

The findings from studies C and D, illustrated in pink, contradicted the theoretical 

biopsychosocial model of mental health. The original model shows a bi-directional relationship 

between mental health and biological factors [(in this thesis these biological factors were: obesity and 

metabolic issues (i.e. the development of GDM, its related adverse outcomes and other metabolic 
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diseases)]. Contrarily, studies C and D demonstrated there was no relationship between mental health 

and the variables weight and weight gain and no bi-directional relationship between mental health 

and glucose-lowering medication, all of which are related to biological factors. This finding has 

theoretical and research implications as it shows that mental health might not directly impact adverse 

outcomes related to GDM, as demonstrated in the adapted theoretical biopsychosocial model of 

mental health. Indeed, the model was inspired from other models showing that mental health 

symptoms lead to adverse outcomes related to GDM and other metabolic diseases but the time-frame 

in which these diseases develop are not discussed [109, 110]. Nonetheless, mental health symptoms 

may have an impact on the health of these women and their infant in the long run [85, 193-196].  

Therefore, research should focus on exploring the adverse outcomes related to GDM in the 

postpartum period, which may derive from mental health symptoms in the perinatal period. 

Moreover, mental health symptoms in the postpartum period were not assessed in this thesis, while 

they may lead to postpartum weight retention, which is also known to have detrimental metabolic 

impacts in the mother [183, 185, 197, 198]; so, this should be investigated in future studies. 

Furthermore, even if mental health and the intake of glucose-lowering medication in pregnancy did 

not influence each other in this thesis, mental health symptoms may affect glucose values [54] and, 

thus, postpartum diabetes status in these women. Also, glucose values and other adverse outcomes 

related to GDM in the postpartum, may affect subsequent mental health, as demonstrated by the 

model [109, 110]. As this bi-directional relationship was not studied in the postpartum period in this 

thesis and as it was contradicted by the results of studies C and D in pregnancy, research is still needed 

to elucidate this theoretical relationship. In summary, judging by the current literature implying a 

potential impact of mental health symptoms on adverse outcomes related to GDM, the theoretical 

model should be adapted to contain time-effects. Future research should focus on the effect of mental 

health symptoms in the perinatal period on adverse metabolic outcomes in the postpartum period 

and therefore investigate this through longitudinal studies. Studies should also investigate how the 

development of adverse outcomes related to GDM may affect subsequent mental health in this 

population. The MySweetHeart trial may allow to shed light on these associations in the first 

postpartum year. 

3.3.3 Inconsistencies, gaps and research that still needs to be conducted to 
reinforce the biopsychosocial model of mental health 

There were inconsistencies in some relationships between the factors, as illustrated by the 

grey arrows below. Study A demonstrated inconsistencies in the associations between lifestyle 

interventions and anthropometric and birth outcomes. Also, in study C, mental health was only 

associated with weight gain when women had clinically relevant symptoms of depression. However, 
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this result became non-significant when confounding variables were added (i.e. maternal age, 

gestational age, educational level, social support and BMI all at the first GDM visit) and no other 

mental health variables were associated to weight or weight gain. Given these inconsistencies, there 

is a need to further investigate these associations in future research. The MySweetHeart trial may 

shed some light on the effect of lifestyle interventions and of the more complex and novel 

psychosocial well-being intervention on anthropometry and birth outcomes as well as on weight and 

weight gain as hypothesized in the conceptual model from study A. Nevertheless, before investigating 

the effect of this novel psychosocial well-being intervention on these outcomes, it may be interesting 

to investigate this in the control group (receiving only a standard care, lifestyle intervention) from 

study B to either confirm or infirm these findings. 

The grey, broken arrows demonstrate associations that were investigated but for which no 

results were found. Firstly, this concerned the association between social support, self-efficacy and 

mental health and the impact of all of these factors together (psychosocial well-being) on lifestyle 

behaviors. As shown in the adapted theoretical biopsychosocial model of mental health, psychosocial 

well-being impacts lifestyle behaviors and, consequently, may impact future disease risk. However, 

even if this model shows that the absence of adherence to lifestyle intervention theoretically 

augments future disease risk, the current literature on women with GDM does not enable us to 

conclude that by augmenting psychosocial well-being, overall adherence to lifestyle interventions 

could be improved and consequently increase overall future health [1, 121]. Nevertheless, findings 

from study A already showed improvements in lifestyle behavior when social support and self-efficacy 

were present. The MySweetHeart trial described in study B will only be a starting point to evaluate 

this theoretical improvement in future cardio-metabolic health in women with GDM through a novel 

psychosocial well-being and lifestyle intervention. This trial will also allow an evaluation of the - 

currently theoretical - impact of mental health on lifestyle behaviors. 

Secondly, the grey, broken arrows demonstrate an absence of consideration of these 

associations if taken from the inverse perspective. This inverse perspective would be that lifestyle 

interventions may lead to improvements in mental health which would then lead to improvements in 

self-efficacy which would finally lead to improvements in lifestyle behaviors. Indeed, the adapted 

model did not conceptualize these associations in that direction. Although, some findings from study 

A indicate that this relationship between lifestyle interventions and subsequent psychosocial well-

being may also work in that direction. Study A showed that lifestyle interventions improved 

psychological factors such as stress, fatalistic beliefs and quality of life. From these results, one could 

hypothesize that lifestyle interventions may also lead to direct improvements in mental health. As 

stress was reduced by lifestyle interventions, depression may also be reduced as a result of lifestyle 
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interventions, especially when considering the fact that stress and depression are associated to one 

another in pregnancy and in the postpartum [171-173]. Moreover, no conclusions can be drawn either 

on the direct impact of mental health on self-efficacy. Indeed, the literature review demonstrated an 

absence of consideration of the theoretical impact of mental health symptoms on the reduction of 

self-efficacy [27, 93, 95]. The control group from MySweetHeart trial following a lifestyle intervention 

only may allow an evaluation of the impact of lifestyle interventions on mental health and self-efficacy. 

This may therefore improve the theoretical biopsychosocial model of mental health and show that 

these associations function in both directions. 

Finally, the grey, broken lines also demonstrate the absence of findings regarding the impact 

of lifestyle interventions on infant adverse outcomes after birth and on the health of the partner. The 

infants of women with GDM may suffer from this illness through different pathways. First, through 

the in utero environment, which contains higher levels of glucose, shunted towards the fetus through 

the placenta and which may lead to adverse birth outcomes [199, 200]. Secondly, as women with GDM 

suffer from mental health symptoms more frequently than women without GDM [174], there is an 

increased risk that they cannot respond appropriately to their child’s needs. Indeed, this may lead to 

a misinterpretation of the child’s hunger and satiety signals [193, 194], which may in turn augment 

the infant’s obesity risk [195, 196]. Furthermore, the mother, infant and partner inevitably share 

common lifestyle behaviors with the mother [201, 202]. With the lack of appropriate psychosocial 

well-being interventions integrating the whole family and augmenting their adherence to healthy 

lifestyle behaviors, comes a risk for them to suffer from metabolic issues [203]. To that end, the 

transgenerational impact of GDM on the infant’s health risk and the impact of GDM on the partner’s 

health need to be investigated. Again, as the MySweetHeart trial integrated both the partner and 

infant in the intervention, this will allow an evaluation of their mental and metabolic health in general 

and also, the impact of a combined lifestyle and psychosocial well-being intervention on 

improvements in their health outcomes. Nevertheless, this will only be investigated up to one year 

postpartum and therefore, there may be a necessity to re-contact the fathers and infants later to 

assess their longer-term health outcomes. 

There are also associations in the biopsychosocial model of mental health, which have not 

been investigated in this thesis as shown by the green arrows. There may be interesting associations 

between social support, self-efficacy and the intake of glucose-lowering medication, the development 

of adverse outcomes related to GDM or other metabolic diseases. One may hypothesize that the 

intake of glucose-lowering medication and the development of adverse outcomes related to GDM or 

other metabolic diseases may be reduced in the presence of high social support and self-efficacy. 

Indeed, previous research in diabetes has shown that self-efficacy and social support play an 
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important role in diabetes self-care, which may then influence glycemic control [28, 29, 204]. Finally, 

as study A showed, there were improvements in stress, fatalistic beliefs and quality of life following 

lifestyle interventions. The psychological factors such as the ones cited above may have the potential 

to influence mental health symptoms, indeed, stress is known to be related to symptoms of 

depression [171-173] and therefore, reductions in stress may lead to improvements in mental health 

symptoms. Conversely, reductions in mental health symptoms may lead to improvements in stress, 

fatalistic beliefs and quality of life. Therefore, this should be tested in future research. To summarize, 

comparing women in the intervention group of the MySweetHeart trial, receiving extra social support, 

to the women from the control group, may allow to evaluate the prospective impact of higher social 

support and perceived self-efficacy and the subsequent intake of glucose-lowering medication and of 

the development of adverse outcomes related to GDM or other metabolic diseases. Finally, it will 

allow to investigate the potential bidirectional relationship between psychological factors (stress, 

fatalistic beliefs and quality of life) and mental health. 

Figure 10. Final adapted theoretical biopsychosocial model of mental health. 
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3.4 Strengths and limitations of the thesis 

3.4.1 Strengths of thesis 

The thesis at hand has many strengths. First of all, the topic of the thesis is innovative, as it is 

the first to investigate how psychosocial well-being influences lifestyle behaviors in women with GDM 

through a literature review (study A). Study B’s protocol also proposes a novel interdisciplinary lifestyle 

and psychosocial well-being intervention and integrates the health of partners and infants of women 

with GDM. In addition, and as exposed in section 3.3, study B will enable a broad comprehension of 

psychosocial well-being in women with GDM up to one year postpartum and it will fill in the current 

gaps in the literature with regards to the associations illustrated in the final adapted model. Studies C 

and D have also addressed a gap in the literature regarding the impact of mental health on important 

adverse outcomes related to GDM, such as weight and weight gain and on the bi-directional 

relationship between mental health and glucose-lowering medication in pregnancy and in the early 

postpartum. Finally, it is also innovative as the studies of the thesis measured or are measuring 

outcomes in the pre- and postpartum period in women with GDM, their infants and partners. The 

results which will emanate from these measures will allow a global understanding of the mechanisms 

involved in GDM and the development of adverse outcomes related to GDM and other metabolic 

diseases through time, using a family-centered approach. 

Secondly, this thesis followed a clear theoretical framework inspired by the theoretical 

biopsychosocial model of mental health. Such a framework has many strengths. Firstly, this allowed 

to define the subject at hand philosophically, epistemologically, methodologically and analytically 

[205], making findings which derive from the model more meaningful and generalizable [206]. The 

adapted biopsychosocial model of mental health also served as a foundation on which the research at 

hand was built, by adapting it to the GDM population [207]. The arrows between the factors presented 

in the adapted theoretical biopsychosocial model of mental health provided guidance on which 

associations to investigate and thereby prevented this thesis from deviating from the confines of the 

accepted theories. This allowed a final, and scholarly contribution to knowledge in women with GDM 

[207]. Finally, the selection of a theoretical framework testifies to the quality of this thesis as it 

required an understanding of the problem at hand, the purpose of each study, the significance of 

research questions and it allowed a final representation of the findings and what still needs to be 

investigated in research [207]. 

Thirdly, this thesis ensured methodological rigor by following research guidelines, by using 

validated self-report questionnaires and by controlling for important confounding factors. For each 

study design specific guidelines were followed; the PRISMA [115] and Whittemore and Knafl’s [120] 
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guidelines for study A, the CONSORT guidelines for study B [128] and the STROBE statement [150] for 

studies C and D, hence insuring a quality-control of the reported research and methodological rigor. 

Studies B, C and D used well-developed and validated self-report questionnaires to measure mental 

health. Prior to conducting the analyses in Studies C and D, important confounding variables were 

identified through the literature and through testing correlations between potential confounders and 

the dependent variable (study D). This control for confounding variables allowed to confirm the 

validity of the results. 

Fourthly, the studies in this thesis provided representativeness of both the current literature 

in women with GDM and of the ethnical diversity of the population at the GDM clinic at the CHUV. 

Firstly, Study A regrouped the largest possible scope of the literature, by using an integrative design 

[120]. This led study A to contain articles which had different designs and topics, allowing a 

comprehensive, thorough and up to date portrayal of the existing literature in women with GDM. 

Secondly, women from many ethnic backgrounds were integrated in the analyses of studies C and D. 

Indeed, the questionnaires measuring well-being were developed in a large number of languages and 

for questionnaires measuring symptoms of depression, women had the help of a professional 

translator. 

Finally, there were important clinical and research implications which arose from the results 

of the studies. As these implications are discussed in section 3.2 and section 3.3 above, they will not 

be repeated here. There will also be more and important implications that will derive from the analysis 

of the MySweetHeart trial data in the near future. 

3.4.2 Limitations of thesis 

As described above, this thesis was based on a theoretical model so that the research 

questions were guided by a framework. Notwithstanding, the design of studies A (integrative 

literature review), C and D (prospective clinical cohort) do not allow to draw causal relationships 

between the investigated factors. The findings thus just allow to reinforce or question the associations 

depicted in the adapted biopsychosocial model. Furthermore, the model did not allow an illustration 

of longitudinal associations between the factors and as explained in section 3.3.3 this will need to be 

investigated in future studies. Lastly, the model portrays “clockwise” associations, although study A 

demonstrated that there were also “counterclockwise” associations (i.e. lifestyle interventions 

improved psychological factors and thus may influence mental health) which still need to be explored. 

The last two elements, if studied in future research, may allow a reinforcement of the final adapted 

model. 
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Even though the thesis provided methodological rigor through using guidelines, validated 

questionnaires and controlling for confounding variables, some pitfalls need to be addressed. In 

studies A and B, there are a few outcomes for which participants and clinicians were not blinded, 

which means that some of the results emanating from these studies could be biased. Indeed, in 

intervention studies in which the researchers measuring the outcomes are aware of the group (control 

versus intervention) the women belong to, may lead to biased reporting. Studies C and D share 

common limitations, such as the short time frame in which outcomes were measured. Longer periods 

of time might have yielded different results, especially regarding weight gain. Other potential 

confounders, such as the impact of the clinical care (number of appointments, and profession of the 

person giving advice) or diet and physical activity behaviors, may have had an effect on the studied 

predictors and outcomes. Regarding mental health measures in studies C and D, previous mental 

health symptoms or other potential mental health issues (such as anxiety and stress) were not 

measured and may have led to different findings or given a broader portrayal of mental health in 

women with GDM. Also, mental health was measured by self-report questionnaires, which have 

known weaknesses, such as cognitive biases (for example interpretation bias or catastrophizing which 

are especially present in depressed populations). Furthermore, these self-report questionnaire often 

have high sensitivity for the detection of depression and low sensitivity to changes in the patients 

[208-210]. The EPDS also has known specific weaknesses, such as its ambiguous questions or exclusion 

of participants with high levels of distress [211]. 

Regarding the objective of making the integrative review and the prospective cohort studies 

as representative as possible, this may have led to some issues. For example, studies with large 

heterogeneities were integrated in study A as an integrative design was used and that this design does 

not place restrictions on the design of original articles [120]. These heterogeneities mostly concerned 

the duration of the interventions, the general design and the reported outcomes. This implies that the 

results need to be interpreted with caution, as they may have concerned only a restricted period of 

time and may be measured during different phases of pregnancy and of the postpartum. Moreover, 

study A is prone to publication bias, as studies with no significant results are published less frequently 

[212]. Issues related to representativeness are also present in studies C and D as women were included 

regardless of their weeks of gestation at first and last GDM visits. However, in study D the results from 

the selected sample were compared with a smaller sample including only women that were between 

24-32 weeks of gestation at the first GDM visit and that came after 36 weeks of gestation at the last 

GDM visit and the results from both samples were similar. To that end, this limitation can be 

considered to be minor. In studies C and D and given the clinical cohort context, there may be a high 

attrition rate. In study D for example, patients who did not attend both GDM visits were excluded and 
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this may have biased the results, as the study population was restricted. Finally, as the women from 

the GDM clinic at the CHUV receive a specific and efficient care regarding their GDM, they may not be 

representative with regards to the status of worldwide mental and metabolic health in women with 

GDM.  
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4. GENERAL CONCLUSION 

This thesis set out to investigate how psychosocial well-being factors influence lifestyle 

behaviors and metabolic health in women with GDM through four different studies. The main findings 

of this thesis are that psychosocial well-being was never a part of lifestyle interventions in women 

with GDM, although it was always associated with improvements in lifestyle behaviors, such as diet 

and physical activity. The thesis also demonstrated that lifestyle interventions were mostly associated 

with improvements in some adverse outcomes related to GDM and in psychological factors (i.e. stress, 

fatalistic beliefs and quality of life). Furthermore, women from the prospective clinical cohort at the 

GDM clinic at the CHUV had a positive evolution in their mental health between the first GDM and the 

6-8 weeks postpartum visits. This evolution was not influenced by glucose-lowering medication, 

except in women with clinically relevant symptoms of depression for which the well-being scores at 

the 6-8 weeks postpartum visit were less improved. Finally, it demonstrated that there was no 

association between mental health and weight, weight gain or glucose lowering medication. Again, 

there was an exception as clinically relevant symptoms of depression at first GDM visit were associated 

with a subsequent weight gain in pregnancy. 

These results clearly illustrate that the psychological factors from the adapted theoretical 

biopsychosocial model of mental health (self-efficacy and lifestyle behaviors) are important in 

determining adverse outcomes related to GDM and may be associated to improvements in mental 

health. Firstly, because lifestyle interventions mostly improved adverse outcomes related to GDM in 

study A. Secondly, because it is through lifestyle interventions that the women in the prospective 

clinical cohort at the CHUV are treated and, during this treatment, their mental health evolved 

positively. The results and previous research also suggest that social support may have played a role 

in the positive evolution of mental health in the studied cohort. Social support may also be the reason 

why the investigations conducted on the bi-directional association between mental health and 

adverse outcomes related to GDM were either inconsistent or disproven. Therefore, this thesis shows 

that psychological factors are central elements in women with GDM and social support needs to be 

taken into account as a potential moderator in the bi-directional relationship between mental health 

and GDM and its adverse outcomes in pregnancy and surely also in the postpartum period. 

The thesis also yielded strong clinical implications. Firstly, it demonstrated that the current 

care given to women with GDM in the prospective clinical cohort is sufficient for them to recover from 

the initial shock of their GDM diagnosis. Secondly, the fact that glucose-lowering medication was not 

associated with mental health symptoms means that this type of medication can be safely prescribed 

without the risk of harming the mental health status in women with GDM. Finally, this thesis 
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demonstrated that clinically relevant symptoms of depression seem to be an important factor to 

consider. These symptoms were associated with a smaller improvement in the well-being scores in 

the postpartum period in women who also took glucose-lowering medication. These symptoms were 

also associated with a subsequent weight gain in pregnancy and this could potentially lead to harmful 

outcomes in the mother and infant. This thesis therefore suggests that these clinically relevant 

symptoms should be screened for and treated. 

While the adapted theoretical biopsychosocial model of mental health challenged some 

theoretical associations (pink arrow), provided insight into which associations would benefit from 

further investigation (grey arrows) and highlighted the current gaps in the literature and from the 

model (grey, broken and green arrows), it limited the longer-term vision. For example, the potential 

long-term impact of the GDM diagnosis, its adverse outcomes or the development of other metabolic 

diseases on the postpartum development of mental health symptoms were not investigated here. This 

can also be applied to the long-term impact of mental health symptoms in the perinatal period on the 

development of adverse outcomes related to GDM and metabolic diseases. This model was also very 

useful in showing inconsistencies in the results, which therefore warrant further research. Finally, the 

model showed gaps in knowledge. These gaps were related to the specific mechanisms between social 

support, self-efficacy, mental health and psychological factors. There were also gaps in the literature 

with regards to the health outcomes of infants and partners of women with GDM. Finally, the direct 

impact of social support and self-efficacy on adverse outcomes related to GDM and the bi-directional 

associations between mental health and psychological factors would benefit from being studied 

further. The MySweeheart trial results will inevitably enrich these findings and also provide further 

insight on these mechanisms in pregnancy and in the postpartum period. 
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5. OUTPUT AND CONTRIBUTION TO SCIENCE  

This thesis was developed in collaboration with a multidisciplinary team of researchers 

composed of psychologists, physicians, dieticians, sport scientists, physiotherapists and student 

interns. Thus, the coordination work I had with regards to study B involved a tight collaboration with 

all of these researchers. Furthermore, regarding the MySweetHeart trial, I was co-supervising student 

interns on patient testing and coaching, addressed and answered questions from student interns and 

clinicians on testing procedures and the trial protocol, and I co-developed the intervention material 

for the patients, as well as the standard operating procedures we used for the data collection. The 

analyses of this ongoing trial, which includes mental health variables, will be a part of my Postdoctoral 

project, which will focus on the associations between mental health and metabolic outcomes in 

mothers and infants. I presented abstracts linked to the prospective clinical cohort (study C and D) in 

6 conferences and abstracts linked to studies A and B in 4 conferences. I also presented my thesis in 

other settings, such as teaching and “Ma thèse en 180 secondes” (see Table 6). During my PhD, I also 

reviewed manuscripts for peer-reviewed journals (see Table 7 in Appendix 8.6.1), had teaching 

activities (see Table 8 in Appendix 8.6.2), and co-supervised a number of different student interns (see 

Table 9 in Appendix 8.6.3). Furthermore, I trained in a diversity of different domains, such as research 

(Good Clinical Practice), motivational interviewing, mindful eating, cognitive-behavioral therapy, 

physical activity, obesity in children and in interactive parent-child guidance practices (see detailed list 

in Appendix 8.5). Finally, I had several scientific outreach activities (see the list in Appendix 8.6), and 

participated as first author in one published article, one accepted article and on submitted article and 

as co-author in nine published articles (see Chapter 7). 

Table 6. Participation in conferences, workshops and symposia. 

Study Title Type of 
presentation 

Place, date Conference 

D Mental health and its 
associations with glucose-
lowering medical therapy in 
gestational diabetes 
pregnancy: a prospective 
clinical cohort study. 

Poster and 
walking 
presentation 
by Jardena 
Puder for 
which I 
recorded the 
presentation 

Virtual 22-
23.09.20 

European Association for 
the study of Diabetes 

D Mental health and its 
association with glucose-
lowering medical therapy in 
gestational diabetes 
pregnancy: a prospective 
clinical cohort study 

Oral Utrecht 
(virtual) 
04.09.20 

Diabetes in Pregnancy 
Study Groups 
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D Mental health and its 
association with glucose-
lowering therapy in GDM 
pregnancy. A prospective 
clinical cohort study.  

Oral 
(presented by 
Jardena Puder 
as I was on 
maternity 
leave) 

Bern, 
Switzerland, 
14-15.11.19 

Swiss Society of 
Endocrinology and 
Diabetes. 

C Mental health and its 
associations with weight in 
women with gestational 
diabetes mellitus. A 
prospective clinical cohort 
study. 

Oral Bern, 
Switzerland 
11.09.19 

Swiss Psychology Society 

Other Workshop for early career 
researchers on different 
themes. 

Workshop London, 03-
06.09.19 

Society for Reproductive 
and Infant Psychology 

A + B Role of psychosocial factors 
and mental health issues in 
GDM 

Symposia London, 03-
06.09.19 

Society for Reproductive 
and Infant Psychology 

C Mental health and its 
associations with weight in 
women with 
gestational diabetes 
mellitus. A prospective 
clinical cohort study. 

Oral London, 03-
06.09.19 

Society for Reproductive 
and Infant Psychology  

C Mental health and its 
associations with weight in 
women with gestational 
diabetes mellitus. A 
prospective clinical cohort 
study.  

Oral and 
poster 

CHUV, 
Lausanne, 
Switzerland 
17.05.19 

Swiss Perinatal Research 
Day 

A How diet, physical activity 
and psychosocial well-being 
interact in women with 
Gestational Diabetes 
Mellitus: An integrative 
review. 

Poster and 
walking 
presentation 

CHUV, 
Lausanne, 
Switzerland 
21.02.19 

Journée de recherche du 
département de médecine 

A How diet, physical activity 
and psychosocial well-being 
interact in women with 
Gestational Diabetes 
Mellitus: An integrative 
review.  

Poster Bern, 
Switzerland 
16.11.18 

Swiss Society of 
Endocrinology and 
Diabetology 

Other La santé mentale et 
métabolique pendant la 
période périnatale 

Oral 
(competition) 

UniFr, 
Fribourg, 
Switzerland 
08.06.18 

Ma thèse en 180 secondes, 
finale suisse 

Other La santé mentale et 
métabolique pendant la 
période périnatale 

Oral 
(competition ; 
won third jury 
prize) 

UniL, 
Lausanne, 
Switzerland, 
22.03.18 

Ma thèse en 180 secondes.  
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Other Maternal stress during 
pregnancy is associated 
with obstetric and neonatal 
outcomes and can be 
influenced by glucose 
values. 

Oral CHUV, 
Lausanne, 
Switzerland 
02.03.18 

Journée de recherche en 
pédiatrie 

Other Maternal stress during 
pregnancy is associated 
with obstetric and neonatal 
outcomes and can be 
influenced by glucose 
values. 

Oral Bern, 
Switzerland 
17.11. 17 

Swiss Society of 
Endocrinology and 
Diabetology 

Other Maternal stress during 
pregnancy is associated 
with obstetric and neonatal 
outcomes and can be 
influenced by glucose 
values. 

Poster Zurich, 
Switzerland 
07-09.09.17 

International Society of 
Psychoneuroendocrinology 

Other Potentially modifiable 
predictors of adverse 
neonatal outcomes in 
pregnancies complicated by 
gestational diabetes. 

Poster Montreux, 
Switzerland, 
17-
18.11.2016. 

Groupement Romand de la 
Société Suisse de 
Gynécologie et 
Obstétrique 
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Abstract 

Background. Gestational Diabetes Mellitus (GDM) is associated with future cardio-metabolic risks for 

the mother and her child. In addition, one-third of women with recent GDM develop postpartum 
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depression. Given these adverse impacts of GDM on the health of the mother and her offspring, it is 

important to intervene on modifiable factors, such as diet, physical activity, and psychosocial well-

being. This integrative review therefore explored evidence on how these modifiable factors interact 

in women with GDM and their offspring, and how effective combined interventions are on reducing 

adverse impacts of GDM. 

Methods. A comprehensive search strategy included carefully selected terms that corresponded to 

the domains of interest (diet, physical activity and psychosocial well-being). The databases searched 

for articles published between 1980 and February 2018 were: CINAHL, PsycINFO, Embase, Pubmed 

and Cochrane. Studies that were included in this review were either observational or intervention 

studies that included at least two domains of interest. Articles had to at least report data on maternal 

outcomes of women with GDM. 

Results. The search strategies identified 14'419 citations after excluding duplicates. After screening 

titles and then abstracts, 114 articles were selected for detailed evaluation of their full text, and 16 

were included in this review: two observational and 14 intervention studies. Results from 

observational studies showed that psychosocial well-being (social support and self-efficacy) were 

positively associated with physical activity and dietary choice. Intervention studies always included 

diet and physical activity interventions, although none integrated psychosocial well-being in the 

intervention. These lifestyle interventions mostly led to increased physical activity, improved diet and 

lower stress perception. Many of these lifestyle interventions also reduced BMI and postpartum 

diabetes status, improved metabolic outcomes and reduced the risk of preterm deliveries and low 

birth weight. 

Conclusion. This integrative review showed that psychosocial well-being interacted with diet as well 

as with physical activity in women with GDM. We recommend that future studies consider integrating 

psychosocial well-being in their intervention, as observational studies demonstrated that social 

support and self-efficacy helped with adopting a healthy lifestyle following GDM diagnosis. 

 

Keywords: Intervention, Exercise, Nutrition, Mental Health, Pregnancy  

 

Introduction 

Gestational Diabetes Mellitus (GDM) is defined when a women has a glucose intolerance with 

onset and first recognition between 24 to 28 weeks of gestation [1, 2]. It usually resolves after 

childbirth [2, 3], although it carries pre-, peri-, and postnatal risks of adverse outcomes in the mother 

and the child [1]. For example, up to 40% of women with GDM are known to have pre-diabetes in the 
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early postpartum period [4]. The prevalence of GDM is 10.8% in Switzerland [5], 9.2% in the USA [6], 

6.8% in China [7], 16.3% in Qatar [8] and 7.8% among a racially/ethnically diverse population [9]. 

 Mothers have a risk of up to 70% of GDM recurrence, a seven-fold higher five to ten-year risk 

of type 2 diabetes, and an increased risk of cardiovascular diseases [10-13]. GDM is also associated 

with reduced psychosocial well-being: women with GDM are two to four times [14] more likely to 

develop antenatal or postpartum depression. Evidence shows that approximately one-third of women 

with recent GDM develop postpartum depression [15]. Postpartum depression in turn is associated 

with an increase in comfort eating and a decrease in physical activity [16], thus putting the women at 

higher risk of weight gain and future diabetes [15].  

With regards to negative consequences for the child, GDM is associated with macrosomia at 

birth (> 4kg birth weight), excess body fat and paediatric obesity [17-24]. Intrauterine exposure to 

GDM also doubles the risk for type 2 diabetes in the children of GDM mothers [25]. Apart from GDM, 

maternal pre-pregnancy overweight and excessive gestational weight gain also predict higher birth 

weight and adiposity during infancy [26, 27]. Furthermore, maternal lifestyle behaviour, such as a high 

fat diet or lack of physical activity during pregnancy, can influence offspring adiposity independent of 

maternal obesity [27, 28].  

Given the deleterious impact of GDM during pregnancy on the health of the mother and her 

offspring, it appears crucial to work on modifiable risk factors during the pre-, peri-and postnatal 

period, namely diet, physical activity, and psychosocial well-being [29]. Excessive gestational weight 

gain [30] is very frequent in women with GDM and strongly associated with lifestyle factors during 

pregnancy [31]. High fat consumption particularly saturated fat, trans fat and cholesterol, increases 

GDM risk [32-34]. A higher intake of added sugar and lower intake of vegetable and fruit fiber are 

independently linked to increased fasting glucose [34]. Animal protein intake is positively and 

vegetable protein inversely associated with GDM risk [35]. Another important domain that can 

address risk factors of GDM is physical activity, which decreases insulin resistance, reduces future risk 

of type 2 diabetes [36], and limits gestational weight gain by increasing energy expenditure and 

altering food intake [37]. Thus, physical activity has a protective effect on the development of GDM 

[38, 39]. Finally, psychological factors also play an important role in GDM. Higher stress exposure and 

perceived stress are associated with increased fasting glucose levels in pregnant women, even before 

they know their diagnosis [40]. Psychological stress and negative life events can be associated with 

higher salivary cortisol levels during pregnancy, which might influence glucose levels [41]. Depressive 

symptoms in early pregnancy also increase the risk for GDM [14, 39].  

Many modifiable risk factors that relate to GDM also interact with each other. In this review, 

the term “interaction” covers correlations or associations, found in the original papers, between our 
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domains of interest [diet (including breastfeeding), physical activity and psychosocial well-being 

(including depression, anxiety, stress, sleep, self-efficacy and social support)]. For example, physical 

activity may reduce symptoms of depression [42], probably by reducing plasma kynurenine [43, 44]. 

Physical activity increases energy expenditure [45], can influence total food intake [45, 46], reduces 

stress-induced food intake [47] and can also regulate eating behavior via endocrine mediators such as 

insulin, leptin, and ghrelin [48-50]. Eating behavior, such as emotional eating or unhealthy habitual 

eating plays an important role in explaining the depression-BMI relationship [51-55]. Finally, the 

higher risk for maternal postpartum depression is also associated with reduced parenting skills, which 

may have negative consequences for the development of the child [56-58]. Given the interaction of 

these domains, designing interventions that integrate more than one domain of interest (diet, physical 

activity and psychosocial well-being) may be promising. Many interventions in women with GDM focus 

on either diet [59-61], physical activity [62-66], or combined diet and physical activity interventions 

[67, 68]. However, to our knowledge, there are no interventions combining diet and/or physical 

activity with psychosocial well-being. Therefore, this integrative review explored how physical activity, 

diet, and psychosocial well-being interact in women with GDM and in their offspring by analyzing and 

synthetizing observational and intervention studies. In addition, we investigated how effective 

interventions that address more than one domain of interest are in reducing risk factors associated 

with GDM. Addressing these questions may help to identify effective ingredients of interventions to 

counter the negative impact of GDM in women and their offspring.  

 

Methods 

Design 

 This integrative review follows the guidelines elaborated by Whitemore and Knafl (2005) [69]. 

As we were investigating a new topic, we needed a design that would allow us to explore this topic in 

a broad manner and to produce evidence-based results. We followed Whitemore and Knafl’s design 

firstly by identifying variables of interest and elaborating specific research questions. We then used 

computerized databases to augment efficiency as well as the scope of our review. Secondly, we 

defined inclusion and exclusion criteria that guided the decision to exclude irrelevant articles, and we 

evaluated the quality of each original article. When analysing data, we categorized, summarized and 

ordered our data extracted from primary articles and organized the results according to subgroups. 

Whitemore and Knafl (2005) [69] also recommend creating data displays; thus, we summarized our 

findings in tables (see additional file 1) and created a conceptual model integrating all of our results 

(see Figure 2). Finally, we specified the implications for clinical practice, as recommended by the 

authors. 
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Search strategy 

A comprehensive search strategy included carefully selecting terms that corresponded to the 

domains of interest [diet (including breastfeeding), physical activity and psychosocial well-being 

(including depression, anxiety, stress, sleep, self-efficacy and social support)] (please refer to 

additional file 2 for details on the search strategy) by consulting a team of interdisciplinary experts 

and a specialised librarian. The databases searched for articles were: CINAHL, PsycINFO, Embase, for 

which usual subject headings were used and Pubmed, for which the strategy was completed with free-

text terms to also collect the non-indexed articles, and finally, Cochrane, for which the strategy used 

only free search terms. All studies identified during the search were assessed for relevance to the 

review based on the information provided in the title and abstract. For all papers that appeared to 

meet the inclusion criteria, full papers were retrieved. Full papers were again assessed for eligibility in 

order to determine relevance to the review objective. The period considered was from 1980 to the 

date of the first search (September, 15 2016) and this first search identified 16’026 articles. An update 

of the search was performed between the 15 of September 2016 and the 12 of February 2018 and 

identified 15’744 articles. This contained articles found in the first search as well as new ones; for this 

reason, a large number of duplicates were removed after the second search (13’760) (Figure 1). The 

second literature search yielded fewer articles than the first one because we were able to exclude the 

time period related to our first search in Pubmed, thus avoiding the exclusion of duplicates in this 

database. 

 

Inclusion criteria 

Inclusion criteria were either observational or intervention studies in women with GDM that 

focused on at least two domains of interest. Articles were published in English in peer-reviewed 

journals and had to contain data on women with GDM (or women and their partner), or previous 

GDM, with clinical outcomes reported for women (or women and their baby). The decision to include 

articles from 1980 was made in order to stay in line with more up-to-date clinical practice and 

objectives for glycemic thresholds.  

 

Exclusion criteria   

We excluded study protocols, conference abstracts, recommendation papers, guidelines, 

qualitative studies, and review articles. Articles that exclusively investigated women with type 1 and 

type 2 diabetes were excluded. Intervention studies that only tested pharmacological interventions 

were also excluded, as were genetic, epigenetic and genomic studies. Studies on diet, which focused 
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only on dietary supplements were also excluded. Animal research and papers addressing exclusively 

the microbiome were also excluded. 

 

Data extraction and quality appraisal 

All identified citations were collated in a citation management system (Endnote X7) and 

duplicates were removed. The search strategies identified 14'419 citations after excluding duplicates 

(see above and Figure 1). After screening titles and then abstracts, 114 articles were selected for 

detailed evaluation of their full text, and 16 were included in this review. 
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This Prisma flowchart illustrates the process through which articles for this integrative review were 

included or excluded. 

 

Data from the 114 articles were extracted systematically from all eligible papers with a 

modified Joanna Briggs Institute (JBI) data extraction form for review and research synthesis designed 

by LG. This allowed for sequential extraction of articles by LG and DYQ to make final decisions on which 

papers to include and those to exclude. Any disparities or disagreements were resolved by consensus-

based discussions with AH. 

Following this, JG and SL independently extracted the data and produced tables 1 and 2 (see 

tables 1 and 2 in additional file 1). The quality of included studies was assessed with the JBI critical 

appraisal Checklist for Randomized Controlled Trials [70],  Checklist for quasi-experimental studies 

(non-randomized experimental studies) [71], Checklist for Analytical Cross Sectional Studies [72] and 

Checklist for Cohort studies [73]. Two reviewers (LG & DYQ) undertook the quality assessment 

independently and later resolved discrepancies in score ratings by consensus. The appraisal checklists 

assessed the aims of the study, sampling procedure, data collection methods, main findings, and 

limitations.  

 

Synthesis of findings  

Findings from the included studies were synthesized according to the objectives of the study 

in a thematic manner, as suggested by Whittemore and Knafl (2005) [69]. Firstly, links between the 

different domains of interest in the observational and intervention studies were synthesized, forming 

the base for a conceptual framework. Secondly, the effects of interventions on clinical outcomes were 

summarized.  

 

Results 

Characteristics of included studies  

This review included 16 studies (Figure 1): two observational studies and 14 intervention 

studies. The observational studies were conducted in the USA (n=1/2) [74] and Switzerland (n=1/2) 

[75], employing a cross-sectional (n=1/2) [74] or a prospective cohort design (n=1/2) [75]. The 14 

intervention studies took place in eight different countries, with the highest number of them 

conducted in the USA (n=5/14) [76-80] and China (n=3/14) [81-83]. The remaining studies were carried 

out in Australia (n=1/14) [84], Canada (n=1/14) [85], Finland (n=1/14) [86], Ireland (n=1/14) [87], Spain 

(n=1/14) [88] and Thailand (n=1/14) [89]. Of these intervention studies, the large majority were 

randomized controlled trials (RCTs) (n=9/14) [76, 78, 79, 81, 82, 84, 87-89] and the remaining studies 
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were intervention trials (n=5/14), with two of them (n=2/5) containing a control group [80, 83] and 

the other three (n=3/5) using a pre/post-test design [77, 85, 86]. The majority of the included studies 

were published between 2011 and 2015 (n=10/16) [76, 77, 81, 83-89], whereas the remaining studies 

were published between 2006-2010 (n=3/16) [74, 78, 80] and 2016-2018 (n=2/16) [75, 82]. One study 

(n=1/16) [79] was published in 1989.  

All combined intervention studies focused solely on diet and physical activity and none 

included psychosocial well-being in their intervention. For reasons of simplicity and clarity, these 

combined studies will be named “lifestyle interventions”. 

In these intervention studies, the extracted data for this review focused on outcomes of the 

intervention groups which were always compared to the respective other GDM control groups; thus 

we will not mention this in our result section, to increase readability. Only one intervention study 

(n=1/14) [83] contained more than two groups. Indeed, this study had five different groups (lifestyle, 

diet only, physical activity only, no intervention and a “no GDM” group). We chose to report results 

for the lifestyle intervention compared to the “no intervention group” only, to be in line with the other 

studies integrated in this review.  An exception remains for three studies (n=3/14) that were designed 

differently. Indeed, one study compared the lifestyle intervention group at the end of the study (one 

year) to the baseline of that same lifestyle intervention group and thus did not contain a control group 

(n=1/14) [86]. For the second study, the authors used a single-group pre-post design and measured 

the effect of the intervention across time [77]. Finally, the last study was a single arm pilot before and 

after intervention study [85]. For these studies, these design details will always be mentioned in our 

results section. 

Lifestyle interventions lasted from six weeks [79] to four years [82] and either contained 

results at the end of the intervention [76, 78-86, 88, 89] or, for only two studies, after a follow-up 

period [77, 87]. As time effects (baseline to end of the study or to follow-up) are always present in 

initial papers for intervention groups and given that they vary largely, they will be mentioned in detail 

in our results section. 

 

Study participants  

A total of 20285 participants were included in the studies, with n=19884 in the intervention 

and n=401 in the observational studies. The lowest number of participants in a study was 17 [85] and 

the largest study consisted of 14168 participants [83]. 

 

Associations measured in the observational studies 
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Both observational studies investigated the associations between diet, physical activity and 

psychosocial variables (n=2/2) [74, 75]. Specifically, the authors assessed the link between social 

support and diet and physical activity, and the relationship between psychosocial well-being (self-

efficacy, social support and self-efficacy and social support) and diet and physical activity. 

 

Lifestyle interventions investigated  

The lifestyle intervention adopted in all intervention studies consisted of combined diet and 

physical activity interventions (n=14/14). The dietary components of the study interventions required 

participants to follow either the American Diabetes Association (ADA) diet [76], the Diabetes 

Prevention Program (DPP) guidelines [77, 78], the Canada’s Food Guide [85], a Mediterranean diet 

[88] or other types of dietary guidelines [79-84, 86, 87, 89, 90]. In most studies, participants were 

advised to either conduct moderate to vigorous physical activity for around 150 minutes a week [76-

78, 85] or 30 minutes a day [81, 82], to be more active and incorporate light and moderate physical 

activity as much as possible in daily life [83], to increase the number of steps (walking) a day to 10’000 

[84], or to have a specific yoga routine (nine postures) [89]. In four studies, participants were asked to 

exercise at moderate intensity [79, 80, 87, 88]. In one study, intervention participants were provided 

with a study pedometer to track their daily steps [84]. In another study [86], training with a coach 

provided empowerment during physical activity.  

All outcome variables were tested either during pregnancy [80, 83, 89] or in the postpartum 

period [74-88] In intervention studies, the interventions started either during pregnancy [76, 79, 80, 

82, 83, 89] or in the postpartum period [77, 78, 81, 84-88] (for details, please refer to Tables 1 and 2 

in additional file 1). 

 

Interactions between domains of interest (diet, physical activity and psychosocial well-being) 

Focusing on the observational studies, one prospective observational study (n=1/2) [75] 

revealed that the main normative influences for healthy behaviors (diet and physical activity) were 

the husband/partner (68%) and other family members (56%). After controlling for significant 

individual factors, the study showed that a lower level of social support was related to a lower 

adherence to a healthy lifestyle in the postpartum period. 

Regarding diet and its relationship with self-efficacy, the authors of the cross-sectional study 

[74] showed that women reported low self-efficacy for not overeating. They further demonstrated 

that self-efficacy for not overeating was associated with better dietary quality, although this 

association missed significance after adjusting for covariates.  



Leah Gilbert PhD in Life Sciences December 2020 
 

87 

In terms of the relationship between diet and social support, women reported moderate 

social support for consuming a healthy diet [74]. Higher social support from both friends and family 

for a healthy diet correlated with better dietary quality, with a trend towards statistical significance. 

The authors further demonstrated that after adjustment for covariates, stronger social support from 

family and friends for dietary habits was associated with better dietary quality. 

Regarding physical activity and its relationship with self-efficacy, Kim et al. (2008) 

demonstrated in the cross-sectional observational study that women reported low self-efficacy for 

physical activity [74]. However, greater self-efficacy for physical activity was associated with a greater 

number of hours spent walking and greater leisure time spent in vigorous intensity activity, but not 

with walking intensity. When the authors adjusted their analysis for covariates, greater self-efficacy 

for physical activity was associated with more than four hours per week spent walking and with 

spending at least 20 minutes three times a week in a vigorous activity. 

Regarding associations between physical activity and social support, the cross-sectional study 

(n=1/2) [74] observed that women reported moderate social support for physical activity. 

Furthermore, they observed that social support from friends for physical activity was associated with 

a greater number of hours spent walking and greater leisure time spent in vigorous activity. Moreover, 

social support for physical activity was associated with greater leisure time physical activity, but not 

with the total number of hours spent walking. Furthermore, after adjustment for covariates, social 

support from friends was also associated with more than four hours spent walking per week, but not 

with walking intensity and leisure time activity. In the prospective observational study (n=1/2) [75] 

observing the link between social support and physical activity, women indicated a need for 

personalized advice (65%) and sport facilities where their children can be looked after (69%) to 

facilitate their physical activity practice. 

All intervention studies were combined physical activity and diet lifestyle interventions 

(n=14/14). The lifestyle interventions led to a decreased fat intake in two studies, one during the 

intervention period (seven months) (n=1/2) [76] and one at six months follow-up after a three-month 

intervention, compared to baseline [77] (n=1/2) . In one study, the lifestyle intervention lead to a 

higher diet adherence at the one-year follow-up after a 12-week intervention (n=1/1) [87]. Higher diet 

self-efficacy was seen in two studies, once at one-year follow-up after a three-month intervention [87] 

and also at the end of the intervention [84]. In addition, there was a higher proportion of women who 

partially or exclusively breastfed during the intervention (seven months) in one study (n=1/1) [76]. 

Other outcomes for diet in the lifestyle intervention studies demonstrated that participants reported 

a higher fibre intake at the end of the intervention (four years) (n=1/1) [82] and a healthier diet pattern 

in the consumption of unsaturated fat, saturated fat and healthy fat at the end of the intervention 
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(three years) (n=1/1) [88]. In summary, all studies that investigated a dietary outcome showed an 

improved dietary outcome.  

 Concerning physical activity, women in the lifestyle intervention group had higher physical 

activity, leisure or commuting time activity and exercise at the end of each intervention (n=4/4) [78, 

81, 82, 88], a higher exercise capacity at the end of the intervention (six months), compared to 

baseline (n=1/1) [85] and higher aerobic activity, flexibility and strength at six months follow-up after 

a three-month intervention, compared to baseline (n=1/1) [77]. In contrast, three studies (n=3/3) 

revealed no significant differences between physical activity levels between inclusion and after the 

interventions at three months [84], seven months [76] or during the one-year follow-up after a three-

month intervention [87]. Thus, six studies showed a positive impact on physical activity, while three 

demonstrated no change.  

 With regards to psychosocial outcomes, the lifestyle interventions led to lower stress 

perception and higher quality of life at the end of the study (one year) after a three-month 

intervention (n=1/1) [87] and less fatalistic and cultural diabetes beliefs at six months follow-up after 

a three-month intervention compared to baseline (n=1/1) [77]. Thus, two studies looked at 

psychosocial well-being as outcomes and found an improved outcome.  

 In summary, observational studies demonstrated that there were interactions between 

lifestyle domains. The studies hint at social support being an important factor for adhering to a healthy 

lifestyle. Moreover, there were positive relationships between diet and self-efficacy and social 

support. These two factors were also positively associated with physical activity, more specifically time 

and intensity were higher when women had higher self-efficacy and social support. The intervention 

studies demonstrated that most lifestyle interventions improved diet and physical activity, although 

the effect of physical activity was not sustained in the long term. Lifestyle interventions also 

augmented psychosocial well-being, but this was only investigated in two studies. 

 

Clinical outcomes 

Anthropometric outcomes  

 Anthropometric outcomes measured in the integrated studies contained BMI, weight, 

gestational weight gain, waist and hip circumference, body composition and percentage body fat. 

These outcomes were measured during the postpartum period, except for gestational weight gain, 

which was measured during pregnancy. In the observational studies, only one (n=1/2) study looked at 

anthropometric outcomes, and more specifically BMI [74]. This study revealed no significant 

associations between self-efficacy against overeating, and social support from family for diet and BMI, 

with the exception of a weak correlation between friends’ social support for diet and BMI. After 
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adjustment for the healthy diet index score, dietary self-efficacy and social support were not 

associated with BMI. The same authors also looked for associations between physical activity-oriented 

self-efficacy and social support for BMI and found no significant associations between these types of 

self-efficacy and social support for physical activity and BMI. 

Regarding intervention studies, 12 interventions (n=12/14) assessed anthropometric 

outcomes. BMI was reported in eight different studies (n=8/12). This outcome decreased significantly 

in four studies (n=4/8) at the end of interventions: lasting three months [84], one year [81], three 

years [88], or four years [82]. However, no significant difference was observed in three other studies 

(n=3/8) at the follow-up measures at one year after a three-month intervention [87] and at six months 

after a three-month intervention, compared to baseline [77] and at the end of a six-month 

intervention, compared to baseline [85]. One study (n=1/8) observed that women following a diet and 

exercise intervention during pregnancy had a higher pre-pregnancy BMI compared to other groups 

[83]. The same study (n=1/8) also showed that in women following a lifestyle intervention, BMI 

increased significantly less between pre- and late pregnancy and between mid and late pregnancy. 

Waist and/or hip circumference was measured in seven studies (n=7/12) and significantly decreased 

in five studies (n=5/7), always at the end of the intervention at three months [84] or six months 

compared to baseline [85], one year [81], three years [88] and four years [82]. In contrast, two other 

studies reported no significant change in waist and hip circumference (n=2/7), at the end of a one-

year intervention compared to baseline in one study [86] and at one year follow-up after a three-

month intervention in another study [87]. Participants’ weight was assessed in eight studies (n=8/12). 

Four studies (n=4/8) revealed a significant decrease in weight after the interventions that lasted three 

months [84], one year [81], three years [78] or four years [82]. However, three other studies (n=3/8) 

showed no apparent change in weight compared to the control groups after interventions that lasted 

six months compared to baseline [85] and after a follow-up period of six months after a three-month 

intervention, compared to baseline [77] and a follow-up period of one year after a three-month 

intervention [87]. A fourth study (n=1/8) also showed no apparent change after a one-year 

intervention compared to baseline [86]. One study revealed a trend towards reaching the 

recommended 12-months postpartum weight goal at the end of a 12-month intervention (n=1/1) [76]. 

One study demonstrated that gestational weight gain was lower at the end of a 7.7 weeks intervention 

(n=1/1) [80]. In two intervention studies measuring body fat (n=2/2), there was a significant decrease 

in body fat at the end of the one-year intervention (n=1/1) [81]. Another study showed no difference 

in percent body fat at the end of the six-month intervention, compared to baseline (n=1/1) [85]. In 

addition, one study showed no change in body composition at the end of the three-month 

intervention (n=1/1) [84]. 



Leah Gilbert PhD in Life Sciences December 2020 
 

90 

 In summary, observational studies indicated that social support and self-efficacy had no 

significant association with BMI. Intervention studies demonstrated a decreased waist and hip 

circumference and body fat, although the results of lifestyle interventions concerning weight and BMI 

were inconsistent. 

 

Metabolic outcomes 

 Metabolic outcomes included insulin, glucose, lipid profile, cholesterol, triglycerides, HbA1c, 

and Apo lipoprotein. None of the observational studies assessed metabolic outcomes.  Seven of the 

intervention studies (n=7/14) measured metabolic outcomes. Fasting plasma glucose (n=3/7) 

remained unchanged at the one-year follow-up of a three-month intervention (n=1/3) [87], although 

it was reduced significantly at the end of two other interventions (n=2/3) that lasted six [79] and eight 

weeks [89], respectively. Concerning other glucose-related values (n=3/7), all of these values were 

reduced in the intervention groups (n=3/3), demonstrating lower one-hour glucose after OGTT at 

study end (six weeks) (n=1/1) [79], lower two-hour glucose after OGTT at the one year follow-up of a 

three-month intervention [87] and lower two-hour postprandial blood glucose at the end of an eight-

week intervention (n=1/1) [89]. Interestingly, insulin resistance, which was measured in three studies 

(n=3/7), decreased at the end of a three-year intervention (n=1/3) [88], but no significant change was 

observed in two other studies (n=2/3) at the end of a three-month intervention [84] or at a one-year 

follow-up after a three-month intervention [87] (n=2/3). In three studies, HbA1c (glycated 

haemoglobin) (n=3/7) was measured. It significantly increased between baseline and the six-month 

follow-up after a three-month intervention compared to baseline in one study (n=1/3) [77] but 

significantly decreased in the two remaining studies (n=2/3) after a six-week intervention [79] and an 

eight-week intervention [89]. Three studies measured LDL (low density lipoprotein) –cholesterol 

(n=3/7); this decreased after a one-year intervention compared to baseline in one study (n=1/3) [86], 

after a three-year intervention in another [88], and at a six-month follow-up after a three-month 

intervention compared to baseline in the last study (n=1/3) [77]. Two studies measured HDL (high 

density lipoprotein)-cholesterol. One study demonstrated a rise in HDL at the end of a one-year 

intervention compared to the intervention baseline (n=1/2) [86], whilst in the other study it remained 

the same as during baseline assessments at the six-month follow-up after a three-month intervention 

(n=1/2) [77]. Two studies measured triglycerides (n=2/7) that decreased in both studies (n=2/2): at a 

six-month follow-up after a three-month intervention compared to baseline (n=1/2) [77] and at the 

end of a three-year intervention (n=1/2) [88]. In two separate studies, reductions in total cholesterol 

at a six-month follow-up after a three-month intervention, compared to baseline (n=1/1) [77], and 

consistency was seen in the lipid profile at the one-year follow-up after a three-month intervention in 
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one study (n=1/1) [87]. Intervention groups had lower fasting plasma insulin levels and Apo lipoprotein 

at the end of a three-year intervention (n=1/1) [88] or lower plasma insulin levels at the end of a one-

year intervention (n=1/1) [81]. 

In summary, the majority of the studies that included metabolic outcomes revealed a 

decrease in total and LDL cholesterol, triglycerides, and in glucose values. Results in HbA1c and HDL 

cholesterol were inconsistent and the other outcomes were not measured in enough studies to draw 

conclusions. 

 

Postpartum diabetes status 

This outcome was not reported in the observational studies. Only two lifestyle intervention 

studies (n=2/14) measured postpartum diabetes status at the end of the intervention (after a three-

year intervention in both studies). One intervention study revealed a significant reduction in the risk 

of diabetes progression (n=1/2) [78]. Another study (n=1/2) [88] showed a 25% decrease in the 

development of glucose disorders (impaired fasting glucose and impaired glucose tolerance) as well 

as a 35% decrease in the rate of type 2 diabetes. 

In summary, lifestyle interventions led to a reduced risk of postpartum diabetes in the two studies 

that evaluated this outcome.  

 

Delivery and other clinical outcomes 

 None of the observational studies measured delivery or other clinical outcomes. Two of the 

lifestyle intervention studies (n=2/14) measured outcomes related to the delivery, such as 

macrosomia, adverse pregnancy outcomes, preterm delivery, low birth weight, and caesarean 

deliveries; two other studies measured other clinical outcomes, such as blood pressure (n=2/14). 

In the studies measuring macrosomia (n=2/2), both (n=1/2) demonstrated similar rates of 

macrosomia in both groups at the end of a 13.2-week intervention [83] and after a 7.7-week 

intervention [80]. This last study also showed no differences in the rate of adverse pregnancy 

outcomes [80].  

 Preterm delivery, low birth weight, and cesarean deliveries were only measured in one study 

(n=1/1); a significantly decreased risk of preterm delivery and low birth weight at the end of a 13.2-

week intervention was found, but there were similar rates of caesarean deliveries compared to a GDM 

control group [83].  

 In the studies measuring other clinical outcomes (n=2/14), one study showed a reduction in 

diastolic blood pressure and no change in systolic blood pressure at the six-month follow-up after a 

three-month intervention, compared to baseline (n=1/2) [77]. The second study showed that systolic 
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and diastolic blood pressure were unchanged at the end of a one-year intervention compared to 

baseline [86]. 

 In summary, compared to GDM women in control groups, women in lifestyle interventions 

showed no differences between the rates of macrosomia, adverse pregnancy outcomes and caesarean 

section, although there was a decreased risk of preterm deliveries and low birth weight. Concerning 

results for systolic blood pressure were similar throughout groups and time and the results for diastolic 

blood pressure were inconsistent. 

 

Quality of studies reviewed 

 Authors (LG & DYQ) rated the majority of included articles to be of good quality [74-84, 86-89] 

based on the Joanna Briggs Institute Appraisal Tools (2017) (see tables 1 and 2 in additional file 1). The 

checklist for analytical cross-sectional studies [72] was used for the cross sectional observational study 

[74], the checklist for cohort studies [73] was used for the prospective cohort study [75] whereas for 

intervention studies, the checklist for randomized controlled trials [70] was employed for the 

randomized controlled trials [76, 78, 79, 81, 82, 84, 87-89]. For the remaining intervention studies [77, 

80, 83, 85, 86], we used the checklist for quasi-experimental studies [71]. Studies rated as having a 

good quality described in detail the design and methodology used, the process of recruiting 

participants and the study setting, gave clear and detailed presentation of findings and had study 

limitations that were unlikely to affect the reliability and validity of study findings. The only study rated 

as having poor quality [85] did not explain the reasons for drop out in participants and did not conduct 

analysis to compare the drop outs to the participants remaining in the study. It thus had limited 

information on data analysis and a small sample size, both of which could lead to a high risk of bias 

and a poor generalizability of the study. 

 

Discussion 

 This integrative review synthesized evidence on the interaction between three different 

domains: diet (including breastfeeding), physical activity, and psychosocial well-being (including 

depression, anxiety, sleep, and social support) in women with GDM and their offspring. Moreover, it 

summarized the effectiveness of interventions addressing more than one lifestyle domain, including 

diet and physical activity on anthropometric, metabolic, delivery and other clinical outcomes. To the 

best of our knowledge, this integrative review is the first to synthesize evidence on the relationships 

and interaction between different lifestyle behaviors, psychosocial well-being, and the efficacy of 

combined lifestyle interventions in women with GDM and their offspring.   
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 Results from this review indicated that the interaction between lifestyle domains produced 

desirable outcomes. The two observational studies integrated in this review demonstrated that 

psychosocial well-being such as social support and self-efficacy were important factors associated with 

adherence to a healthy lifestyle. Indeed, the observational studies demonstrated that social support 

and self-efficacy were associated to positive changes in diet and physical activity. This is in line with 

another intervention study showing that psychosocial well-being, such as self-efficacy and social 

support was positively associated with lifestyle modifications or changes [91]. Similarly, results from 

the intervention studies showed that lifestyle interventions improved diet and physical activity and 

augmented psychosocial well-being in study participants, although this last outcome (psychosocial 

well-being) was only evaluated in two studies. These results underline the importance of 

apprehending health behavior changes in individuals via more than one domain, thus focusing on a 

more holistic approach of the individual.  

 Regarding anthropometric outcomes, observational studies demonstrated that psychosocial 

well-being had no significant association with BMI. This result is not in line with previous research 

showing that social support and self-efficacy for diet are associated with greater success in weight 

control [92] and that self-efficacy over dietary behaviours such as emotional eating and dietary 

restrictions generally lead to healthier weight [93]. This might be due to the fact that only one study 

investigated this relationship. Results from the intervention studies suggested that most lifestyle 

interventions achieved successes with regards to waist/hip circumference and body fat. This is in line 

with previous research demonstrating that diet has an important role to play in weight loss, healthier 

BMI and other measures of adiposity [94, 95]. Indeed, it is well known that diets setting limits on the 

intake of energy, trans and saturated fat, and/or energy from carbohydrate and increased fiber intake 

help GDM women with weight management [2]. Physical activity might also play a role in the 

relationship between lifestyle interventions and an improvement in anthropometric outcomes, as 

studies also suggest that physical activity is associated with positive changes in eating self-regulation 

and may lead to healthy eating. In particular, it improves psychosocial well-being and could prevent 

emotional eating, consumption of foods high in calories, and binge eating [96]. Higher adherence to 

physical activity could therefore increase eating self-regulation and may lead to lower anthropometric 

outcomes such as weight, BMI and waist circumference measures. Even though the results of lifestyle 

intervention studies led to decreases in some anthropometric outcomes, weight and BMI 

demonstrated inconsistent results. This might partly be due to the diversity of diet and physical activity 

interventions, as well as the length of the studies and adherence to the intervention. 

 Regarding metabolic outcomes, the intervention studies led to a decrease in total cholesterol, 

LDL cholesterol, triglycerides and glucose values compared to the control groups, although results for 
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HbA1c and HDL cholesterol were inconsistent. For the decreasing outcomes, the diet component of 

the intervention studies might have had an impact on these findings. Indeed, previous research has 

shown that the high dietary fiber intake may reduce appetite and food consumption, delay gastric 

emptying, slow food digestion and absorption [97]. This should have led to a decrease glucose 

absorption and also plasma insulin levels [98]. Our results are in line with these findings, as three 

interventions measured glucose values and two studies lead to improvements in two measured 

glucose values. The third study led to improvements in two-hour glucose after OGTT and to similar 

results in fasting plasma glucose. Research shows that the consumption of a DASH diet leads to a 

decrease in lipids and fasting glucose, as it has a positive impact on the lipid profile in women with 

GDM [99], as well as in other populations [100, 101]. In our review, the Mediterranean diet was 

associated with overall improved metabolic health outcomes. In pregnancy, these diets may have 

protective benefits for overweight and obese women who are at risk for both short and long-term 

metabolic outcomes [102]. The physical activity component of the intervention studies might have 

also played a role in the improvements of some of these metabolic outcomes. Indeed, previous 

research has shown that regular exercise increases insulin action by stimulating glucose uptake in the 

muscle through glucose transport proteins (GLUT4) that mediate insulin-dependent glucose uptake 

[103], and our results showed improvements in 2.5/3 of the studies analyzing glucose as an outcome. 

A meta-analysis of randomized controlled trials in women with GDM showed that exercise significantly 

improved postprandial glucose and lowered fasting blood glucose [104]. It was therefore not 

surprising that participants who had lifestyle interventions had lower fasting plasma insulin levels and 

two-hour postprandial blood glucose than those in the control group. Results for HDL cholesterol were 

inconsistent in the intervention studies. This might be explained by the fact that the interventions 

were probably not intense enough. Indeed, the two studies measuring this outcome did not have any 

specific physical activity training but recommended women to exercise. Another explanation could be 

the low adherence to the intervention regime. A third argument could be that, as HDL is also 

influenced by oestrogen status, it might be a strong confounder for this outcome in this population 

and might have impacted these results [105]. 

 Two intervention studies showed reductions in the rate of postpartum diabetes status, [78, 

88]. In a systematic review that examined the cumulative incidence of type 2 diabetes in women with 

GDM, the progression to type 2 diabetes after GDM increased steadily within the first five years after 

delivery [106]. According to Tobias et al., diet plays a role in the reduction of postpartum diabetes 

status, as higher adherence to a Mediterranean diet was associated with a 40% lower risk of diabetes 

compared to those in the lower adherence group in their cohort study [107]. In the same study, similar 

risk reductions were observed for the DASH diet, even after multiple adjustments of covariates [107]. 
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Elevated fasting glucose and HbA1c levels during pregnancy may be associated with a more 

pronounced progression to diabetes after GDM [108-110]. Adherence to a lifestyle intervention 

designed to lower weight gain and improve metabolic health during pregnancy may prevent the 

development of postpartum diabetes, as observed in this review. Physical activity has also been 

implicated in the prevention or delay in postpartum diabetes in women with GDM [111]. A prospective 

cohort study recently showed that women with GDM within the Nurses Health Study II cohort had a 

9% reduced risk for postpartum diabetes for every 100 minutes of moderate intensity physical activity. 

Interestingly, an increase of 150 minutes per week of moderate intensity physical activity led to a 47% 

lower risk of diabetes after GDM [36].  

 Regarding delivery and other clinical features, the results of one study demonstrated a 

decrease in preterm delivery rates and low birth weight. Regarding preterm delivery, this outcome 

can be caused by various pre-existing conditions in the mother [112] and thus might not depend on 

lifestyle interventions. Concerning low birth weight, one of the studies found fewer low birth weight 

after a 13.2-week intervention [83]. Thus, our results are not in line with a previous systematic review 

and meta-analysis of randomized controlled trials of dietary interventions in women with GDM 

showing that dietary interventions were associated with lower birth weight compared with controls 

[113]. One explanation could relate to the fact that women in the integrated study might not have all 

received the same type of lifestyle intervention. Indeed this study mentioned that the lifestyle 

interventions were retrospectively auto-reported by questionnaire [83]. Finally, we found similarities 

in the rates of macrosomia, in the intervention studies in the control as well as intervention groups 

[80, 83]. Thus, our results are not in line with the findings of a recent review indicating that diet and 

physical activity interventions can lead to a reduced risk of macrosomia in overweight and obese 

women [114]. Previous research has shown that macrosomia, adverse pregnancy outcomes and 

caesarean sections are dependent on a number of different factors and/or on the maternal diabetes 

status [1, 115, 116] and thus, lifestyle interventions might have little to no effect on these outcomes. 

The results for systolic blood pressure were similar between baseline and at six months follow-up after 

a three-month intervention [77] and similar compared to baseline in the other [86]. Finally, for 

diastolic blood pressure, our results were inconsistent. These results are comparable with previous 

research showing no difference in systolic and diastolic blood pressure between different control 

groups and GDM women [117], except for one of the integrated studies demonstrating a decrease in 

diastolic blood pressure at six months follow-up after a three-month intervention, compared to 

baseline [77]. 

 Overall, evidence from this integrative review suggests that lifestyle interventions including a 

psychosocial intervention during pregnancy could augment the women’s adherence to diet and 
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physical activity, which in turn might have complementary and interactive effects on the physiological 

and psychological health of women with GDM. We therefore propose that combined diet, physical 

activity, and psychosocial interventions could positively influence physiological and psychological 

processes toward healthy outcomes (Figure 2) and should be tested. Arguments that cognitive-

behaviorally supported exercises, self-efficacy and social support can facilitate changes in eating 

behavior through associated psychological changes have emerged, also outside of pregnancy. This is 

partly because diet and physical activity domains of a lifestyle intervention may also benefit from 

improved psychosocial outcomes. Thus, exercise during pregnancy can influence physiological 

processes, such as energy metabolism and appetite, as well as psychological factors, including self-

efficacy, body image, or mood [118, 119]. The interactive mechanisms of these factors could lead to 

stronger motivation and confidence, which could improve adherence to physical activity. Long-term 

exercise adherence, as well as eating self-regulation and dietary compliance may also result in 

gestational weight gain control, metabolic outcomes, and again higher levels of psychosocial well-

being during pregnancy and in the post-partum period. On the other hand, psychosocial vulnerability 

(including depression, stress, and lack of social support), lack of diet self-regulation and physical 

inactivity may negatively influence birth outcomes, including caesarean deliveries, macrosomia and 

other infant physiological disorders, such as hypoglycemia, as well as adverse outcomes in the mother 

during the post-partum period [90, 120-122]. According to our results and proposed model (see Figure 

2), interventions targeted at mitigating the risks associated with a GDM pregnancy should not only 

include diet and physical activity domains but may also integrate and/or include strategies for 

improving self-efficacy and self-regulation of eating, exercise, psychosocial well-being, and social/ 

family support. After all, the success of a combined diet and exercise intervention may also depend 

on the mothers’ psychosocial well-being (depression, stress, self-efficacy and social support) during 

pregnancy. 
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Conceptual model resulting from the integrative review proposes that interventions targeted at 

mitigating the risks associated with a GDM pregnancy should not only include diet and physical activity 

domains but may also integrate and/or include strategies for improving self-efficacy and self-

regulation of eating, exercise, psychosocial well-being, and social/ family support. In the first black 

circle, diet, physical activity, and psychosocial well-being interventions for women with GDM are 

represented. In the second gray circle, the outcomes which are improved for the mother following a 

diet, physical activity and psychosocial intervention are illustrated. Finally, the largest gray circle 

represents the neonatal outcomes which may also be improved if the mother follows a diet, physical 

activity and psychosocial intervention.  

 

Figure 2. Integrative model 



Leah Gilbert PhD in Life Sciences December 2020 
 

98 

Strengths and limitations 

 This integrative review has many strengths. This study followed the PRISMA guidelines as well 

as Whitemore and Knafl’s recommendations We used a comprehensive search strategy and 

independent reviewers carried out identification of relevant studies. The majority of our included 

studies were of RCT design with large sample sizes and follow-up periods. We also included 

psychosocial well-being and focused on combined interventions, which, to our knowledge, has not 

been done before. Nevertheless, some limitations need to be addressed. Firstly, conducting an 

integrative literature review lead to integrating studies with large heterogeneities regarding the 

intervention and follow-up periods across studies, as well as in the types of lifestyle interventions used 

in each individual studies. Thus, our results need to be interpreted with caution. In addition, 

psychosocial well-being was only investigated in observational studies, even though it was assessed in 

intervention studies as an outcome. Moreover, although we had also searched for terms, such as 

depression, anxiety and sleep in the psychosocial well-being domain, no results were found for these 

outcomes. This might be due to the fact that, as mentioned, psychosocial well-being was only present 

in two observational studies and as an outcome in two intervention studies. Furthermore, although 

we had also screened for articles for parenting, we found no results concerning the partner except in 

observational studies. Indeed, in the observational studies, the partners appeared as “social support 

from family” but no other results were found. The different components of the lifestyle interventions 

and types of diet and physical activity as well as the approach and the patient population may account 

for the differences in study results and conclusions. In addition, the inability of the lifestyle 

interventions to account for or adjust for individual attitudes and behaviors, particularly psychosocial 

factors, might have influenced the results of these studies. This is because positive results on changing 

diet and physical activity habits are often related to self-efficacy or social support, as seen in the 

observational studies. Finally, the issue of publication bias can be a limitation to this study, as studies 

reporting no significant results are rarely published [123].  

 

Clinical implications and future directions 

 The findings of this integrative literature review reveal that diet, physical activity, and 

psychosocial well-being relate and interact in women with GDM. On the one hand, diet and physical 

activity were associated with psychosocial well-being. On the other hand, this review showed that 

psychosocial well-being, such as self-efficacy and social support may be important when adopting a 

healthy diet and physical activity habits. Thus, we propose that any intervention focusing on 

behavioral change, should evaluate and consider integrating psychosocial well-being as part of the 

intervention components, as this might add to the lack of research in this domain. Even though diet 
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and physical activity interventions may reduce some of the risks associated with GDM, the findings of 

this integrative review suggest that there may be merit in further exploring the option of psychosocial 

well-being in future interventions. This may increase patients’ willingness to change attitudes and 

inform positive behavioral changes that would expand the current scope of strategies in reducing the 

risk associated with GDM. Future studies that plan to adopt psychosocial interventions should focus 

on self-efficacy and/or social support, as both elements are associated with diet and physical activity 

habits. However, this might not be easy, as it implies that women already have a support system on 

which they can rely to help them change their behavior and that self-efficacy can be improved in this 

life period within a lifestyle intervention. It is also known that prenatal maternal stress exposure and 

stress perception are associated with less favorable obstetric outcomes, such as caesarean section 

[90, 120, 121]. Thus, future interventions may focus on the psychosocial well-being of women with 

GDM to help alleviate and/or ameliorate stress symptoms [124]. Furthermore, partners of women 

could also be integrated as social support for women with GDM that need to make lifestyle changes. 

Finally, it would also be interesting to conduct a review on qualitative studies to identify participant 

perception and lived experiences with lifestyle interventions in women with GDM in order to fine-tune 

future interventions.  

 

Conclusion 

 This integrative review showed that diet, physical activity and psychosocial well-being interact 

in women with GDM. We found that lifestyle interventions led to a better dietary quality in all studies, 

improvements in physical activity in more than half of the studies measuring this outcome, lower 

stress perception, higher quality of life, less fatalistic and cultural diabetes beliefs, some better 

anthropometric and metabolic health outcomes, lower rates of diabetes progression following GDM 

and to less preterm deliveries and a higher birth weight. The observational studies also demonstrated 

the importance of social support and self-efficacy in relation to a healthy lifestyle in women with GDM. 

Given that psychosocial well-being, such as social support and self-efficacy, are associated with 

physical activity and healthy dietary choices, we recommend that future intervention studies consider 

integrating psychosocial well-being in a combined diet and physical activity intervention to investigate 

the role of self-efficacy and social support on GDM. 
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 Additional file 1 

Table 1. Sum
m

ary of observational articles integrated in the review
. 

Authors 
(year) 

Country 

Study design 

Sam
ple 

O
bjective 

Selection criteria 
Diet, physical activity & 
psychosocial assessm

ent 
M

ajor findings 

Quality 

JBI quality 
appraisal 
tools 

Kim et al. 
(2008) 

U.S.A 

 

Cross-sectional 

n=228 

To examine the associations 
between two potential 
facilitators of healthy 
behaviors (self-efficacy and 
social support) on diet, 
physical activity and BMI 
among women with histories 
of GDM 

Inclusion 

W
omen with GDM within the 

past 5 years and with ≥ 1 health-
care utilization event during the 
past year  

Exclusion 

W
omen with T1DM or T2DM 

before their pregnancy, denied 
having had GDM, were currently 
pregnant without GDM or unable 
to give informed consent 

Diet 

W
eight Efficacy Lifestyle 

Questionnaire 

Physical Activity 

5-item scale 

Psychosocial 

Scale 

Self-efficacy and social support from family and friends 
was associated with better dietary scores and physical 
activity. 

No significant associations existed between 
psychosocial constructs and BMI. 

Good 

Kaiser et al. 
(2016) 

Switzerland 

Prospective Cohort Study  

n=173 

To specify the determinants 
of postpartum physical 
activity and dietary habits 
after a pregnancy 
complicated by GDM in a 
population of Swiss women 

Inclusion 
W

omen with diagnosis of GDM 
in the current or in a previous 
pregnancy without diagnosis of 
T1DM or T2DM; 

≥ 18 years; if they could read, 
write, and speak French. 

Diet & Physical activity 
Rapid Eating and Activity 
Assessment for Participants, 
short version questionnaire 

Psychosocial 
Social support and self-efficacy 
scale 

Multivariate regression analysis found that Lower level 
of social support (p<0 .001) and more perceived 
barriers to a healthy lifestyle (p = 0.002) were 
determinants in a low adherence to healthy lifestyle in 
the postpartum period after GDM 

Good 

Legend: BMI: Body mass index; GDM: gestational diabetes mellitus; T1DM: type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus. 
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 Table 2. Sum
m

ary of Intervention studies integrated in the review
. 

Authors (year) 
Country 

Study design 
Sam

ple 
Objective 

Selection criteria 
Diet & physical activity 
assessm

ent 
Intervention 

M
ajor findings in intervention group 

Quality 
JBI quality 
appraisal tools 

O’Dea et al. (2015) 
Ireland 

RCT 
n=50 
To evaluate a 12-week group-
based lifestyle intervention 
program

 for wom
en with pre-

diabetes following GDM
 

Inclusion 
IFG, or IGT, or IR and at least 
two CV risk factors 

Exclusion 
T2DM

, current pregnancy, 
insufficient English language 
fluency  

Diet 
M

editerranean diet score 

Physical Activity  
Self-reported  

Starting in the postpartum
 period 

Diet and Physical Activity 
12-week intensive lifestyle program

, 
delivered by a m

ultidisciplinary team
, 

consisting of 2.5 h/wk spread over a group 
exercise program

, a group education 
sem

inar, and a one-to-one session involving 
a m

otivational interview and individual goal 
setting  

At the end of the study, at 1-year follow-
up, after a three m

onths intervention, 
com

pared to control group 
↗ (trend) diet adherence, diet self-efficacy 
= PA levels 
↙ stress perception, ↗ quality of life 
= BM

I, weight, waist circumference 
↙	2hr glucose after OGTT 
= Insulin resistance, FPG and lipid profile  

Good 

Ferrara et al. 
(2011) 
U.S.A. 

RCT 
n=197 
To pilot the feasibility of a 
prenatal/postpartum

 
intervention that aim

ed to 
reduce diabetes risk factors 
am

ong wom
en with GDM 

Inclusion 
W

om
en with GDM  

Exclusion 
Aged< 18; m

ultiple gestation; 
diabetic retinopathy; high-risk 
pregnancy, thyroid diseases 
diagnosed in the last 30 days, 
non-English speaker. 

Diet 
FFQ 

Physical Activity 
Interview questionnaire  

Starting during pregnancy 
The intervention program

 aim
s to m

odify diet 
and Physical Activity in 3 phases:  

Prenatal phase 
Encourage wom

en to follow the ADA diet 
and engage in m

oderate intensity PA for 
150 m

in/wk 

Postpartum
 phase 

Encourage wom
en to perform

 150 m
in of 

m
oderate or harder PA/wk and to 

consum
e ≤ 25%

 of total calories from 
fat/day 

M
aintenance phase 

Reinforce the positive behavioral changes 
achieved and address relapse  

7 m
onths postpartum

, com
pared to 

control group 
↙ fat intake, ↗ (trend) proportion of wom

en 
who partially or exclusively breastfed 
= PA levels 

At the end of the study, at 12 m
onths 

postpartum
, com

pared to control group 
↗ (trend) proportion of wom

en who reached 
the PP weight goal. The intervention was 
m

ore effective am
ong wom

en who did not 
exceed the recom

m
ended GW

G  

Good 
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Authors (year) 
Country 

Study design 
Sam

ple 
Objective 

Selection criteria 
Diet & physical activity 
assessm

ent 
Intervention 

M
ajor findings in intervention group 

Quality 
JBI quality 
appraisal tools 

Peacock et al. 
(2015) 
Australia 

RCT 
n=31 
To develop a program

 to 
support behavior changes in 
diet and physical activity for 
wom

en with a history of GDM
 

and BM
I to delay or prevent 

T2D 

Inclusion 
W

om
en with GDM who had 

been diagnosed and treated 
for GDM

, with a self-reported 
BM

I >25 kg
.m

-2 

Exclusion 
W

om
en currently pregnant, 

T2DM
, not fluent in English, 

using hypoglycaem
ic 

m
edications 

Diet 
Fibre Index, Health and 
W

ellbeing Self Efficacy 
Survey 

Physical Activity 
Interview questionnaire 
(Australian W

om
en’s 

Activity Survey) 

Starting in the postpartum
 period 

Diet (nutrition coaching) 
Four one-hour group sessions to facilitate 
behavior change  

Physical Activity 
W

eekly goals (web-based) were generated 
based on the previous weeks steps recorded 
with a pedom

eter. The goals were gradually 
increased, until the m

axim
um

 of 10’000 
steps/d was reached 

At the end of the study, at 3 m
onths, 

com
pared to control group 

↗ self-efficacy related to food choices 
= PA 
↙ weight, BMI, hip and waist circum

ference 
= body com

position 
= HOM

A-IR 

Good 

Philis-Tsim
ikas et 

al. (2014) 
U.S.A. 

Interventional 
n=84 
To evaluate the effectiveness 
of a lifestyle intervention to 
reduce T2DM

 and CVD risk 
am

ong low incom
e Latinas 

with a history of GDM 

Inclusion 
Latinas with GDM in the past 
3 years 

Exclusion 
W

om
en with T2DM

, who were 
pregnant, and/or who had a 
serious health condition 

Diet 
Questionnaire (Food 
Screener) 

Physical Activity 
Questionnaire (rapid 
assessm

ent of physical 
activity)	 

Starting in the postpartum
 period 

The intervention was adapted from the DPP 

Diet and Physical Activity 
Achieve and m

aintain a weight reduction of 
at least 7%

 of initial body weight, and to 
achieve and m

aintain a level of PA of at least 
150 m

in/wk through m
oderate intensity 

activity 

At the end of the study, at 6 m
onths 

follow-up after a 3 m
onths intervention, 

com
pared to baseline 

↙ dietary fat intake  
↗ aerobic activity, ↗ flexibility/strength 
↙ fatalistic, ↙ diabetes-specific cultural 
beliefs 
= weight and BM

I 
↙ Total cholesterol; ↙ LDL, =HDL, ↙ TG; ↗ 
HbA1c  
= systolic blood pressure, ↙ diastolic blood 
pressure 

Good 

Ratner et al. (2008) 
U.S.A. 

RCT 
n=2190 
To identify individuals with 
IGT and intervene in an effort 
to prevent or delay their 
progression to diabetes 
 To exam

ine the differences 
between wom

en with and 
without a reported GDM 

Inclusion 
W

om
en with a history of GDM

 
aged ≥ 25, BM

I ≥ 24 kg
.m

-2 (≥ 
22 for Asian-Am

ericans), FPG 
of 95–125 m

g/dL, 2-h glucose 
140-199 m

g/dL in the OGTT 

Exclusion 
Recent m

yocardial infarction, 
sym

ptom
s of coronary heart 

disease, serious illness, or 
use of m

edications known to 
im

pair glucose tolerance. 

Diet 
Sem

iquantitative FFQ 

Physical Activity 
Standardized 
questionnaires  

Starting in the postpartum
 period 

The intervention group followed the DPP 

Diet and Physical Activity 
Achieve and m

aintain a weight reduction of 
at least 7%

 of initial body weight, and to 
achieve and m

aintain a level of PA of at least 
150 m

in/wk through m
oderate intensity 

activity 

At the end of the study, at 3 years, 
com

pared to control group 
↙ weight  
↗ of PA (~1.5h/wk) at 1 yr follow-up; not 
sustained in wom

en with a history of GDM
 

at 3 yr follow-up 
↙ risk of progression to T2DM 

Good	
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Authors (year) 
Country 

Study design 
Sam

ple 
Objective 

Selection criteria 
Diet & physical activity 
assessm

ent 
Intervention 

M
ajor findings in intervention group 

Quality 
JBI quality 
appraisal tools 

Pérez-Ferre et al. 
(2015) 
Spain 

RCT 
n=237 
To evaluate the efficacy of a 
lifestyle intervention for the 
prevention of glucose 
disorders in wom

en with prior 
GDM

 

Inclusion 
W

om
en diagnosed with GDM

.  

Exclusion 
Im

paired fasting plasm
a 

glucose (≥ 100 m
g/dL) in the 

first postpartum
 evaluation 

and plan for new pregnancy 
during the three years of 
follow-up. 

Diet and Physical 
Activity 

Sem
iquantitative 

questionnaire (Lifestyle 
questionnaire) 

Starting in the postpartum
 period 

Diet 
Adherence as m

uch as possible to the 
M

editerranean diet 

Physical activity 
4x/week, two days at the hospital and two 
days at hom

e with duration of 50-60 m
in 

during 10 weeks between 3-6 m
onths post-

delivery. The sessions consisted in 
progressive aerobic activities and m

uscular 
conditioning perform

ed at m
oderate intensity 

At the end of the study, at 3 years, 
com

pared to control group 
↗ nutrition pattern, healthier pattern in the 
consum

ption of unsaturated fat, saturated 
fat and healthy fat 
↗ PA pattern as in the control group 
↙ BM

I; ↙ waist circumference  
↙ fasting plasm

a insulin; ↙ HOM
A-IR; ↙ 

LDL-cholesterol; ↙ TG; ↙ Apo lipoprotein B 
↙ of ~25%

 in the conversion rate to glucose 
disorder and ↙ of 35%

 in the conversion 
rate to T2DM 

Good	

Rautio et al. (2014) 
Finland 

Interventional 
n=265 
To com

pare cardio-m
etabolic 

risk profile and responses to a 
1-year lifestyle intervention 
program

 in wom
en with and 

without history of GDM 

Inclusion 
W

om
en with GDM, IFG, IGT 

or coronary heart disease 

Exclusion 
NA 

Diet and Physical 
Activity 

Questionnaire 

Starting in the postpartum
 period 

Physical Activity & Diet 

M
ainly based on the principles of 

em
powerm

ent developed during exercise or 
weight m

aintenance groups, lectures or 
individual counseling 

 At the end of the study, at 1 year, 
com

pared to baseline 
= weight, waist circum

ference 
↗ HDL-cholesterol, ↙ LDL-cholesterol 
= systolic & diastolic blood pressure 

Good 
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Authors (year) 
Country 

Study design 
Sam

ple 
Objective 

Selection criteria 
Diet & physical activity 
assessm

ent 
Intervention 

M
ajor findings in intervention group 

Quality 
JBI quality 
appraisal tools 

Jovanovic-
Peterson et al. 
(1989) 
U.S.A. 

RCT 
n=19 
Evaluate the 
im

pact of a training program
 

on glucose tolerance in 
GDM

 

Inclusion 
W

om
en with GDM 

Exclusion 
NA 

NA 
                

Starting during pregnancy 
Diet 
Control & intervention groups followed a 6 
weeks of standards diet containing 40%

 of 
CHO, 20%

 protein & 40%
 fat. Energy 

requirem
ent was calculated at 24-30 

kcal/kg/24h divided in 3 m
eals and 3 snacks 

Physical Activity Intervention 
Exercise program

 of 6 weeks' duration that 
consisted of 20 m

in of supervised aerobic 
training. The patients were m

onitored for 20 
m

in of cardiovascular work during which they 
m

aintained their target heart rate, which was 
calculated to be equal to (220 - age) x 70%

. 
As each patient adapted to her workload in 
term

s of perceived exertion and heart rate, 
the workload (or resistance) (kg x m

eters x 
m

in-I) was increased or decreased by 10%
 

to 20%
; thus m

aternal heart rate was 
m

aintained in the training range. The 
exercise session never exceeded 50%

 
m

axim
al oxygen consum

ption V0
2 m

ax in any 
case. 50%

 oxygen consum
ption was 

estim
ated based on their previous work that 

related m
aternal heart rate in beats/m

in to 
the V02 at steady state utilizing a m

etabolic 
cart (Beckm

an m
odel S/N 614, D/N 11265, 

Fullerton, Calif.) 

At the end of the study, at 6 weeks, 
com

pared to control group 
↙ HbA1c, FPG, 1hr glucose after OGTT  

Good 
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Authors (year) 
Country 

Study design 
Sam

ple 
Objective 

Selection criteria 
Diet & physical activity 
assessm

ent 
Intervention 

M
ajor findings in intervention group 

Quality 
JBI quality 
appraisal tools 

Hu et al. 
(2012) 
China 

RCT 
n=1180 
To assess whether lifestyle 
intervention can reduce type 2 
diabetes risk in wom

en with 
prior GDM

 in the Tianjin GDM
 

Prevention Program
 

Inclusion 
Aged 20–49, wom

en with 
GDM

 between 2005 and 
2009. 

Exclusion 
Aged <20 or ≥50, at the 
screening visit: FPG ≥7.0 
m

m
ol/l or 2-h glucose ≥ 11.1 

m
m

ol/l in the OGTT, taking 
m

edicines known to alter 
OGTT, presence of any 
chronic diseases, currently 
pregnant, planning to becom

e 
pregnant in the next 2 yrs 

Diet 
5 x 3-day 24-h food 
records; questionnaire 

Physical Activity  
Questionnaire 

Starting in the postpartum
 period 

Diet 
Reduction of at least 10%

 of total calories of 
their norm

al m
eals to lose 5–10%

 of initial 
body weight in wom

en with BM
I ≥ 24 kg/m

2 
Consum

e <30%
 of energy from

 total fat, 
<10%

 of energy from
 saturated fat, 55-65%

 
of energy from

 carbohydrate, 20–30 g/d of 
fiber 

Physical Activity  
Gradually increase the physical activity to 
reach 30 m

in/day in m
oderate or vigorous 

physical activity 7 d/wk 

At the end of the study, at 1 year, 
com

pared to control group 
↗ leisure tim

e activity 
↙ weight, ↙ BMI, body fat, waist 
circum

ference 
↙ plasm

a insulin level 

Good	

Artal et al. 
(2007) 
U.S.A. 

Interventional 
n=96 
To assess whether weight-
gain restriction regim

en, with 
or without exercise, would 
im

pact glycem
ic control, 

pregnancy outcom
e, and total 

pregnancy weight gain in 
obese subjects with GDM 

Inclusion 
< 33 GA, BM

I > 25 kg/m
2, not 

yet m
anaged with insulin, 

aged > 18 

Exclusion 
ACOG contraindication to 
exercise 

NA 

Starting during pregnancy 
Diet 
M

eal plan was prescribed for both group by 
a registered dietitian according the energy 
needs calculated on the prepregnancy BM

I 
and which content 40-45%

 of carbohydrates. 

Physical Activity 
M

oderate exercise program
 not to exceed 

the 60%
 VO

2 max . Encouraged to exercise 
once a week by walking on a treadm

ill or by 
riding a sem

i recum
bent cycle ergom

eter 
based on an exercise prescription under the 
supervision of an exercise routine on the 
rem

aining 6 days/week at hom
e 

At the end of the study, at a calculated 
m

ean of 7.7 weeks, com
pared to control 

group 
↙ GW

G 
= m

acrosom
ia, adverse pregnancy outcom

e 

Good	
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Authors (year) 
Country 

Study design 
Sam

ple 
Objective 

Selection criteria 
Diet & physical activity 
assessm

ent 
Intervention 

M
ajor findings in intervention group 

Quality 
JBI quality 
appraisal tools 

Youngwanichsetha 
et al. 
(2014) 
Thaïland 

RCT 
n=170 
To investigate the effect of 
m

indfulness eating and yoga 
exercise on blood sugar levels 
am

ong pregnant wom
en with 

GDM
 

Inclusion 
Pregnant Thai wom

en 
diagnosed with GDM

 with 24–
30 wk GA, FPG < 105 m

g/dl, 
postprandial blood glucose < 
120 m

g/dl, not receiving 
insulin therapy, having no 
serious com

plications 

Exclusion 
NA 

NA 

Starting during pregnancy 
8 weeks to perform m

indfulness eating and 
yoga exercise 

Diet 
M

indfulness eating com
posed of five steps: 

1) setting a goal for blood glucose control, 2) 
integrating m

edical nutrition therapy 
including carbohydrate choices and low 
glycem

ic index food, 3) considering portion 
size, 4) being aware while consum

ing 
diabetic food, and 5) eating slowly for 30-45 
m

in. 

Physical activity 
Yoga exercise at hom

e five tim
es a week 

using deep-breathing techniques and 
posture and m

ovem
ents. It was designed for 

15–20 m
inutes daily practice, corresponding 

to 9 postures repeated for ten tim
es 

At the end of the study, at 8 weeks, 
com

pared to control group 
↙ FPG, 2hr postprandial blood glucose and 
HbA1c 

Good	

M
ukerji et al. 

(2015) 
Canada 

Interventional 
n= 17 
To assess the feasibility and 
effectiveness of a 6-m

onth 
custom

ized, hom
e-based 

lifestyle program
 for wom

en 
with recent GDM 

Inclusion 
W

om
en aged > 18 with GDM 

and prepregnancy BM
I ≥ 25 

kg
.m

-2 

Exclusion 
Not english speaking, 
prepregnancy T1DM

 or 
T2DM

, pregnant again, 
significant m

edical or fetal 
com

plications 

Physical Activity 

W
eekly 15-m

inute 
telephone calls 

Starting in the postpartum
 period 

Diet 
General diet counselling using Canada’s 
Food Guide 

Physical Activity 
A personalized hom

e-based exercise 
program

, incorporating the participants’ 
baseline fitness, and current exercise habits. 
All wom

en were counselled to m
eet 150 m

in 
of m

oderate aerobic exercise/wk and to keep 
an exercise log/wk. W

eekly telephone calls 
were scheduled with an exercise specialist to 
provide coaching, review adherence to 
exercise logs, advance goals and address 
barriers 

At the end of the study, at 6 m
onths, 

com
pared to baseline 

↗ exercise capacity  
↙ waist circumference 
= weight, BMI, %

 body fat 

Poor	
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Authors (year) 
Country 

Study design 
Sam

ple 
Objective 

Selection criteria 
Diet & physical activity 
assessm

ent 
Intervention 

M
ajor findings in intervention group 

Quality 
JBI quality 
appraisal tools 

Liu et al. 
(2018) 
China 

RCT 
n=1180 
To report the weight loss 
findings after the first year of a 
lifestyle intervention trial 
am

ong wom
en with GDM 

Inclusion 
W

om
en aged 20–49, with 

GDM
 between 2005 and 

2009. 

Exclusion 
Aged <20 or ≥50, at the 
screening visit: FPG ≥7.0 
m

m
ol/l or 2-h glucose ≥ 11.1 

m
m

ol/l in the OGTT, taking 
m

edicines known to alter 
OGTT, presence of any 
chronic diseases, currently 
pregnant, planning to becom

e 
pregnant in the next 2 years 

Diet 
5 x 3-day 24-h food 
records; questionnaire 

Physical Activity  
Questionnaire 

Starting during pregnancy 
Diet 
Each participant m

et one-on-one with a 
dietician who instructed the participant on 
how to achieve several goals: reduction of 
5%

 to 10%
 of initial body weight in wom

en 
with BM

I ≥24 kg/m
2 by reducing at least 

10%
 of total calories in their norm

al m
eals; 

total fat intake <30%
 of energy consum

ed; 
carbohydrate intake 55%

 to 65%
 of energy 

consum
ed; fiber intake 20-30 g/d 

Physical Activity 
During the first 4wk of intervention, the level 
of PA increased to at least 30 m

in of 
m

oderate-to-vigorous PA per day, 7 
days/wk; and was then m

aintained during 
the entire period 

Each participant com
pleted a questionnaire 

on changes in m
ajor dietary and PA habits 

from
 the last visit, and 3-day 24-hour food 

records 5 tim
es during the first year for 

assessm
ent by the dietician. 2 phone calls 

were perform
ed during the first year to 

encourage com
pliance to intervention 

At the end of the study, at 4 years, 
com

pared to control group 
↗ fibre intake 
↗ com

m
ute and leisure tim

e activity, 
exercise 
↙ weight, BMI, waist circumference, body 
fat 

Good	

W
ang et al. 

(2015) 
China 

Interventional 
n=14’168 
To evaluate whether exercise 
intervention can be applied to 
pregnant wom

en with GDM
 

for controlling gestational 
weight gain and com

bating 
GDM

-related outcom
es. 

Inclusion 
NA 

Exclusion 
pre-existing diabetes, m

ultiple 
births, and m

issing data on 
m

ajor item
s 

Diet and Physical 
Activity 
Individual interview 

Starting during pregnancy 
Diet  
Reduce intake of sugar, eat m

ore 
vegetables, reduce fat intake, and the total 
energy intake 1800 kcal/j 

Physical Activity	
Sit less, take m

ore steps, be m
ore active, 

incorporate light and m
oderate PA as m

uch 
as possible into their daily life. 

At the end of the study, at a calculated 
m

ean of 13.2 weeks, com
pared to 

control group 
↙	BM

I increase between pre and late-
pregnancy and between m

id and late-
pregnancy 
↙	risk of preterm birth, low birth weight 
= m

acrosom
ia, caesarean 

Good 

Legend: 
↙: significant reduction, ↗: significant augmentation; =: no significant difference;  BMI: body mass index; CVD: cardiovascular disease; DBP: diastolic blood pressure; DPP: diabetes prevention 
program; FFQ: Food Frequency Questionnaire; FPG: fasting plasma glucose; GDM: gestational diabetes mellitus; GW

G: gestational weight gain ; HbA1c : glycosylated hemoglobin; HOMA-IR: 
homeostasis model assessment-insulin resistance; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; ILS: intensive lifestyle intervention; OGTT: oral glucose tolerance test; PA: 
physical activity; RCT: randomized control trial; SES: socioeconomic status; T2DM: type 2 diabetes mellitus; TG: Triglycerides
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Additional file 2 

Full search strategy 

PubMed 

 (("Diabetes, Gestational"[Mesh]) AND (("Exercise"[Mesh] OR "Physical Fitness"[Mesh] OR "Motor 

Activity"[Mesh]OR "Bicycling"[Mesh]) OR ("Feeding Behavior"[Mesh] OR "Hunger"[Mesh] OR 

"Satiation"[Mesh] OR "Dietary Fats"[Mesh] OR "Diet"[Mesh] OR "Dietary Carbohydrates"[Mesh] OR 

"Body Weight"[Mesh] OR "Body Composition"[Mesh] OR "Waist Circumference"[Mesh]) OR ("Life 

Style"[Mesh] OR "Attitude to Health"[Mesh] OR "Health Behavior"[Mesh] OR "Depressive 

Disorder"[Mesh] OR "Depression"[Mesh] OR  "Stress, Psychological"[Mesh] OR "Parenting"[Mesh] OR 

"Parent-Child Relations"[Mesh] OR "Anxiety"[Mesh:NoExp] OR "Anxiety Disorders"[Mesh] OR 

"Postpartum Period"[Mesh])) NOT ("animals"[mh] NOT "humans"[mh])) OR ((Pregnancy-Induced 

Diabete*[tiab] OR Gestational diabete*[tiab]) AND (Exercise[tiab] OR Swimming[tiab] OR 

Stretching[tiab] OR Walking[tiab] OR Physical activit*[tiab] OR Aerobic[tiab] OR "Strength 

training"[tiab] OR Sedentary[tiab] OR inactivity[tiab] OR Cycling[tiab] OR running[tiab] OR resistance 

training[tiab] OR feeding behav*[tiab] OR eating behav*[tiab] OR Feeding Pattern*[tiab] OR Eating 

Pattern*[tiab] OR Food habit*[tiab] OR Eating habit*[tiab] OR Diet habit*[tiab] OR Dietary habit*[tiab] 

OR Breast feeding[tiab] OR Breastfeeding[tiab] OR (Mindful*[tiab] AND eating[tiab]) OR Intuitive 

eating[tiab] OR Food intake[tiab] OR Hunger[tiab] OR satiation[tiab] OR dietary fat*[tiab] OR diet[tiab] 

OR diets[tiab] OR sugar*[tiab] OR carbohydrate*[tiab] OR sucrose[tiab] OR weight[tiab] OR 

overweight[tiab] OR obesity[tiab] OR body composition[tiab] OR appetite[tiab] OR energy intake[tiab] 

OR Stressful event*[tiab] OR Life change*[tiab] OR Lifestyle*[tiab] OR Depression*[tiab] OR 

Depressive disorder*[tiab] OR Stress*[tiab] OR Anxiety[tiab] OR Postpartum[tiab] OR parenting[tiab]) 

AND (publisher[sb] OR inprocess[sb])) AND ("1980/01/01"[PDat] : "3000/12/31"[PDat]) 

5064 references from 1980 to 15.09.2016 

5639 references from 1980 to 24.01.2018 (Update) the terms in italics were added 

Embase.com 

('pregnancy diabetes mellitus'/de AND ('physical activity, capacity and performance'/exp OR 

'fitness'/de OR 'motor activity'/exp OR 'feeding behavior'/exp OR 'hunger'/de OR 'satiety'/de OR 

'dietary intake'/exp OR 'diet'/exp OR 'body weight'/exp OR 'body composition'/exp OR 'lifestyle and 

related phenomena'/de OR 'life event'/de OR 'lifestyle'/de OR 'lifestyle modification'/de OR 'sedentary 
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lifestyle'/de OR 'health behavior'/de OR 'attitude to health'/de OR 'health belief'/de OR 

'depression'/exp OR 'stress'/exp OR 'child parent relation'/exp OR 'parenting education'/de OR 

'anxiety'/de OR 'anxiety disorder'/exp OR 'puerperium'/exp OR 'meal'/de OR 'waist circumference'/de 

OR 'attitude to illness'/de)) NOT ([animals]/lim NOT [humans]/lim) NOT 'conference abstract'/it) AND 

[1980-2018]/py 

9109 references from 1980 to 15.09.2016 

7823 references from 1980 to 12.02.2018 (Update, conference abstracts not considered): the terms in 

italics were added 

CINAHL 

MH "Diabetes Mellitus, Gestational" AND ((MH "Exercise+") OR (MH "Physical Activity") OR (MH 

"Physical Fitness+") OR (MH "Swimming") OR (MH "Cycling") OR (MH "Walking") OR (MH "Relaxation") 

OR (MH "Running+") OR (MH "Motor Activity") OR (MH "Eating Behavior+") OR (MH "Hunger") OR 

(MH "Appetite") OR (MH "Eating") OR (MH "Postprandial Period") OR (MH "Diet+") OR (MH "Food 

Intake+") OR (MH "Satiation") OR (MH "Dietary Fats+") OR (MH "Dietary Carbohydrates+") OR (MH 

"Meals+") OR (MH "Body Weight+") OR (MH "Waist Circumference") OR (MH "Waist-Hip Ratio") OR 

(MH "Body Composition+") OR (MH "Life Style+") OR (MH "Attitude to Health+") OR (MH "Attitude to 

Illness") OR (MH "Attitude to Obesity") OR (MH "Attitude to Pregnancy") OR (MH "Attitude to 

Change") OR (MH "Depression+") OR (MH "Anxiety") OR (MH "Stress+") OR (MH "Anxiety Disorders") 

OR (MH "Parenting") OR (MH "Parental Behavior") OR (MH "Paternal Behavior") OR (MH "Parent-Child 

Relations") OR (MH "Postnatal Period+")) 

1204 references from 1980 to 15.09.2016 

1400 references from 1980 to 25.01.2018 (Update) 

PsycINFO 

gestational diabetes/ AND (exp physical activity/ or active living/ or exp physical fitness/ OR sedentary 

behavior/ OR exp eating behavior/ or exp appetite/ or diets/ or eating attitudes/ or food intake/ OR 

satiation/ OR exp health attitudes/ or exp lifestyle/ or health behavior/ or exp major depression/ OR 

exp stress/ OR anxiety/ or exp anxiety disorders/) 

43 references from 1980 to 15.09.2016 

58 references from 1980 to 24.01.2018 (Update) 
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Cochrane Library Wiley 

("Pregnancy-Induced" NEXT/1 Diabete* OR Gestational NEXT/1 diabete*) AND (Exercise OR Swimming 

OR Stretching OR Walking OR Physical NEXT/1 activit* OR Aerobic OR "Strength training" OR Sedentary 

OR inactivity OR Cycling OR running OR "resistance training" OR feeding NEXT/1 behav* OR eating 

NEXT/1 behav* OR Feeding NEXT/1 Pattern* OR Eating NEXT/1 Pattern* OR Food NEXT/1 habit* OR 

Eating NEXT/1 habit* OR Diet NEXT/1 habit* OR Dietary NEXT/1 habit* OR Breast NEXT/1 feeding OR 

Breastfeeding OR (Mindful* NEAR/3 eating) OR Intuitive NEXT/1 eating OR Food NEXT/1 intake OR 

Hunger OR satiation OR dietary NEXT/1 fat* OR diet OR diets OR sugar* OR carbohydrate* OR sucrose 

OR weight OR overweight OR obesity OR body NEXT/1 composition OR appetite OR energy NEXT/1 

intake OR Stressful NEXT/1 event* OR Life NEXT/1 change* OR Lifestyle* OR Depression* OR 

Depressive NEXT/1 disorder* OR Stress* OR Anxiety OR Postpartum OR parenting):ab,ti 

606 references from 1980 to 15.09.2016 

Cochrane Database of Systematic Reviews : Issue 9 of 12, September 2016 

Cochrane Central Register of Controlled Trials : Issue 8 of 12, August 2016 

Database of Abstracts of Reviews of Effect : Issue 2 of 4, April 2015 

824 references from 1980 to 24.01.2018 (Update) 

Cochrane Database of Systematic Reviews : Issue 1 of 12, January 2018 

Cochrane Central Register of Controlled Trials : Issue 12 of 12, December 2017 
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8.2 Publication B 

Published in BMJ Open in 2018. 

Improving cardiometabolic and mental health in women with gestational diabetes mellitus and 

their offspring: study protocol for MySweetHeart Trial, a randomized controlled trial 

Antje Horsch,1,2 Leah Gilbert,3 Stefano Lanzi,3,4 Justine Gross,3 Bengt Kayser,5 Yvan Vial,1 Umberto 

Simeoni,6 Didier Hans,7 Alexandre Berney,8 Urte Scholz,9 Ruben Barakat,10 Jardena J Puder,2,11 on 

behalf of MySweetHeart Research Group 

1Woman-Mother-Child Department, Lausanne University Hospital, Lausanne,Switzerland 

2Institute of Higher Education and Research in Healthcare (IUFRS), University of Lausanne, Lausanne, 

Switzerland 

3Service of Endocrinology, Diabetes and Metabolism, Lausanne University Hospital, Lausanne, 

Switzerland 

4Service of Angiology, Heart and Vessel Department, Lausanne University Hospital, Lausanne, 

Switzerland 

5Institute of Sport Sciences, University of Lausanne, Lausanne, Switzerland  

6DOHad Laboratory, Pediatrics Division, Woman-Mother-Child Department, Lausanne University 

Hospital, Lausanne, Switzerland 

7Center of Bone Diseases, Rheumatology Service, Bone and Joint Department, Lausanne University 

Hospital, Lausanne, Switzerland 

8Consultation Liaison Psychiatry, Lausanne University Hospital, Lausanne, Switzerland 

9Applied Social and Health Psychology, Department of Psychology, University Research Priority 
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Abstract 

Introduction Gestational diabetes mellitus (GDM) carries prenatal and perinatal risk for the mother 

and her offspring as well as longer-term risks for both the mother (obesity, diabetes, cardiovascular 

disease) and her child (obesity, type 2 diabetes). Compared with women without GDM, women with 

GDM are twice as likely to develop perinatal or postpartum depression. Lifestyle interventions for 
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GDM are generally limited to physical activity and/or nutrition, often focus separately on the mother 

or the child and take place either during or after pregnancy, while their results are inconsistent. To 

increase efficacy of intervention, the multifactorial origins of GDM and the tight link between mental 

and metabolic as well as maternal and child health need to be heeded. This calls for an interdisciplinary 

transgenerational approach starting in, but continuing beyond pregnancy. 

Methods and analysis This randomised controlled trial will assess the effect of a multidimensional 

interdisciplinary lifestyle and psychosocial intervention aimed at improving the metabolic and mental 

health of 200 women with GDM and their offspring. Women with GDM at 24–32 weeks gestational 

age who understand French or English, and their offspring and partners can participate. The 

intervention components will be delivered on top of usual care during pregnancy and the first year 

postpartum. Metabolic and mental health outcomes will be measured at 24–32 weeks of pregnancy, 

shortly after birth and at 6–8 weeks and 1 year after childbirth. Data will be analysed using intention-

to-treat analyses. The MySweetHeart Trial is linked to the MySweetHeart Cohort ( clinicaltrials. gov/ 

ct2/ show/ NCT02872974). 

Ethics and dissemination We will disseminate the findings through regional, national and 

international conferences and through peer-reviewed journals. 

Trial registration number NCT02890693; Pre-results. 

Strengths and limitations of this study 

► The study will test the effects of a novel multidimensional interdisciplinary lifestyle and 

psychosocial intervention for women with gestational diabetes mellitus. 

► The intervention focuses on both metabolic and mental health, of the mother and her offspring, 

which starts during pregnancy and continues beyond birth. 

► The intervention draws on theories of health behaviour change through motivational and systemic 

approaches. 

► Methodological rigour, including concealment of random allocation, blinded outcome assessors, 

regular monitoring and prospective trial registration and publication, should limit risk of bias. 

► Unblinded participants and clinicians for some of the secondary outcomes may increase the risk of 

bias. 

Introduction 
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Definition and prevalence of gestational diabetes mellitus (GDM) 

GDM is characterised by glucose intolerance diagnosed during pregnancy not fulfilling the criteria for 

diabetes.1,2 It often resolves after childbirth, although up to 40% of women have prediabetes in the 

early postpartum period.3 In Switzerland, the prevalence of GDM is 10.8%.4  

Morbidity of GDM and related conditions 

GDM carries prenatal and perinatal risk for the mother and her child and is also linked to postnatal 

risks. Long-term maternal risks include a 30%–70% GDM recurrence, a 7-fold higher 5–10 year risk of 

type 2 diabetes and an increased risk of metabolic syndrome and cardiovascular disease.5–8 Compared 

with women without GDM, women with GDM are twice to four times9 as likely to develop antenatal 

or postpartum depression and approximately one-third of women with recent GDM develop 

postpartum depression.10 Postpartum depression leads to an increase in comfort eating and a 

decrease in physical activity,11 thus putting the women at higher risk of weight gain and future 

diabetes.10 Regarding the child, the importance of the intrauterine and early postnatal environments 

for metabolic programming and modifications of the epigenome is increasingly recognised,12–14 

particularly for metabolic diseases such as obesity and diabetes.15 Thus, GDM is related to macrosomia 

at birth (>4 kg), to excess body fat and (central) obesity and to insulin secretion in infants and children, 

the obesity being in part mediated by maternal body mass index (BMI) or birth weight.16–23 

Intrauterine exposure to GDM also doubles the risk for subsequent type 2 diabetes in offspring 

compared with offspring of mothers with a high genetic predisposition for type 2 diabetes, but with 

normal glucose tolerance during the index pregnancy.24 Maternal prepregnancy overweight and 

excessive gestational weight gain also predict high birth weight and adiposity during infancy.12 25 This 

is highly relevant, as up to 60%–70% of women with GDM are overweight or obese before pregnancy.26 

Finally, maternal lifestyle behavior such as a high fat diet or lack of physical activity during pregnancy 

can influence offspring adiposity independent of maternal obesity.12 27 The higher risk for maternal 

postpartum depression is also associated with reduced parenting skills, which may have negative 

consequences for the development of the child.28–30 Parents of obese children may lack effective 

parenting skills providing both a consistent structured frame and emotional support.31 In women with 

GDM, psychosocial vulnerability including low levels of social and family networks is associated with 

more adverse neonatal outcomes, especially increased birth weight.32 Thus, there is a tight interaction 

between maternal lifestyle, weight status, mental health, social support as well as between maternal 

and child’s overall health. In view of the high worldwide prevalence of (childhood) obesity and 

associated metabolic problems, this close link between maternal and child metabolic health and the 
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resulting vicious cycle are very relevant.33 34 Because of the deleterious impact of GDM and lifestyle 

during pregnancy on the health of the mother and her offspring, it is crucial to intervene during the 

prenatal, perinatal and postnatal period. 

Modifiable risk factors of GDM 

Risk factors for GDM that are modifiable during pregnancy include excessive weight gain which is a 

very frequent phenomenon that is observed in a majority of pregnant women (in up to 75% of 

pregnancies).35 36 Further modifiable risk factors include lifestyle behaviours such as low levels of 

physical activity, high fat and animal protein consumption, high intake of added sugar and low intake 

of vegetable and fruit fiber.37 Regular food intake and avoidance of snacking can have beneficial effects 

on weight and glucose tolerance, but this has mostly been tested outside of pregnancy.38–42 Another 

key factor is mental health. Higher stress exposure and perceived stress during pregnancy have been 

linked to GDM and/or higher glucose levels in women.43–45 Psychological stress and negative life events 

can be associated with higher salivary cortisol levels during pregnancy, which might relate to higher 

glucose levels.46 Higher depression scores early in pregnancy also increase the risk for GDM.9 47 On the 

other hand, social support has been shown to be protective regarding mental health and depression 

in particular.9 48 49 Physical activity, nutrition and depression are interlinked. Physical activity can 

reduce symptoms of depression,50 and there is a two-directional relationship between unhealthy 

eating and the incidence of symptoms of depression.51 Mindfulness and mindful eating can have a 

beneficial impact on weight loss and food cravings.52–54 

Prior studies having evaluated lifestyle interventions in GDM 

Most interventions in GDM focus either on dietary or on physical activity changes and only last during 

pregnancy. Dietary advice is recommended for all women with GDM to improve glycaemic control and 

to provide adequate nutrition.1 Of the few existing trials, the majority focused on either low 

carbohydrate or low glycaemic index foods. Results were not consistent and effect sizes were small, 

but low glycaemic diets, sometimes in combination of higher fibre intake, were found to have a 

favourable impact on insulin requirements, birth weight and/or maternal weight gain.55–57 A recent 

Cochrane review found that more evidence is needed to assess the effects of different types of dietary 

advice to give to women with GDM.58 As fat, especially saturated fat, is a risk factor for both GDM and 

type 2 diabetes, decreasing animal fat intake represents an interesting novel approach.59–62 Indeed, a 

high-complex carbohydrate/low-fat diet improved glycaemic values and insulin resistance in women 

with GDM as well as infant adiposity in a pilot study of women with GDM.63 Regarding eating 
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behaviour, a recent intervention focusing on mindfulness-based eating awareness that aimed at 

increasing awareness of inner cues, such as hunger and satiety, at identification of emotional eating 

and eating triggers, had a beneficial impact on glycaemic control.64 65 Although recommended for GDM 

treatment, guidelines do not specify the type of physical activity or its timing in regards to meal 

intake.66 67 Aerobic and resistance exercise can be accomplished during pregnancy in the absence of 

contraindications,68 but motivation, compliance, perceived health and lack of time appear to be major 

limiting factors.48 69 A recent review concluded that physical activity, both aerobic and resistance 

exercise, may improve glycaemic control and/or limit insulin use in women with GDM.70 Regular 

physical activity can 

also limit pregnancy weight gain, stabilise maternal mood and reduce fetal fat mass (FM) and 

physiological stress responses in the offspring.27 69 71 To our knowledge, there are no evidence-based 

psychological interventions for women with GDM and no international guidelines for psychosocial 

management exist,72 although evidence shows that inclusion of partners can be helpful.73 74 

Postpartum follow-up and interventions 

Due to the increased risk of development or persistence of prediabetes and diabetes, management of 

women with GDM in the postpartum period is essential. The American Diabetes Association, the 

American College of Obstetricians and Gynaecologists and the National Diabetes Education Program 

recommend testing within 4–12 weeks postpartum with a 2 hour 75 g oral glucose tolerance test 

(oGTT).2 75 76 Weightloss is an important predictor to prevent diabetes in this high-risk population. 

Thus, in the Diabetes Prevention Program, weight loss after GDM reduced future diabetes incidence 

by 16% for every kilogram lost.77 The Nurses Health Study found that healthy diet patterns such as a 

Mediterranean diet, a Dietary approaches to stop hypertension (DASH) pattern diet or an Alternative 

Healthy Eating diet reduced diabetes incidence by 40%–57% in women who had GDM 14 years 

before.78 Evidence of the Gestational Diabetes’ Effects on Moms study shows that a lifestyle 

intervention that starts during pregnancy and continues postpartum is feasible and may prevent 

pregnancy weight retention and help overweight women lose weight.79 80 In the postpartum period 

after GDM, low social support was related to low adherence to a healthy lifestyle, thus contributing 

to an increased risk of type 2 diabetes.81 In another study, social support was a key factor for the 

adoption of physical activity among women after GDM.82 Finally, integrating partners into the 

intervention helped to maximise participation in an intervention that aimed to prevent type 2 diabetes 

after GDM.74 
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Prevention strategies for the child 

Offspring of women with GDM are at higher risk for childhood obesity83 and intervening in the early 

postpartum period is therefore essential. Several modifiable risk or protective factors have been 

identified, such as infant feeding mode (bottle vs breastfeeding), parental responsiveness to infant 

feeding cues and infant distress, the age of bottle weaning, timing of the introduction of solid food, 

sweetened beverage consumption and lack of physical activity.84–88 Inactivity can delay motor 

development and further increases the risk for early childhood obesity.85 89–91 Parenting skills 

interventions that focus on these factors provide anticipatory guidance and teach parents how to 

identify and respond appropriately to infant cues and distress to positively influence self-regulatory 

capacities, well-being and the developing control of the infant’s food intake in order to avoid eating 

in the absence of hunger have shown beneficial results.84 85 92 93 

Theoretical framework for behaviour change interventions 

The chosen theoretical framework for the behavior change interventions is the Health Action Process 

Approach (HAPA).94 The HAPA distinguishes between a motivational and a volitional phase of 

behavioural change. In the motivational phase, the process of forming an intention to engage in a 

health behaviour takes place. Being aware of a personal risk due to the unhealthy behaviour, 

perceiving more benefits than disadvantages of changing the behavior (outcome expectancies) and 

believing in one’s own abilities to change the behaviour (self-efficacy) are the factors that the HAPA 

specifies to increase the likelihood of a behavioural intention to change the behaviour. After an 

intention has been set, the individual enters the volitional phase. Here, action control, action planning, 

coping planning and again self-efficacy are assumed to be crucial for translating the intention into 

behaviour. Action control and its components (ie, the awareness of one’s own standards for the new 

behaviour, self-monitoring and regulatory effort in case of a discrepancy between the intended and 

the actual behaviour) have been demonstrated in several populations and across several behaviours, 

among them physical activity and diet, to be effective in promoting behavioural change.95 Moreover, 

action planning and coping planning are crucial postintentional variables in the HAPA. Action planning, 

which is also known as implementation intentions,96 97 refers to if-then plans regarding the exact 

planning of when, where and how a behavior will be implemented. Implementation intentions have 

been demonstrated to be an effective tool of behavioural change in numerous settings and 

behaviours, displaying medium to strong effect sizes.98–100 Coping plans refer to plans that specify a 

critical barrier to the intended/ planned behaviour and a specific strategy on how to cope with this 

barrier.101 A recent systematic review attests that the combination of action planning and coping 
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planning seems to be most effective for behavioural change.102 Self-efficacy has also been shown to 

be a crucial factor in health behaviour change across different behaviours and different populations. 

Development of a complex multidimensional interdisciplinary lifestyle intervention 

Given that single risk factor interventions have shown limited efficacy, and considering the 

multifactorial origins of GDM, complex interdisciplinary approaches that start in pregnancy and 

continue postpartum, targeting both the mother and the child could be more efficient. This is 

especially important with regard to the intergenerational transmission of risk.103 Some authors 

specifically called for the need to integrate psychological support in a lifestyle intervention.104 Typical 

characteristics of complex interventions are that they contain several interacting components, their 

high number of outcomes and that a high degree of flexibility or tailoring of the intervention is 

permitted.105 Furthermore, complex interventions work best if tailored to local circumstances rather 

than completely standardised.105 

Aims 

This study aims to test the effect of an evidence-based, complex interdisciplinary lifestyle and 

psychosocial continuous prepartum and postpartum intervention in women with GDM on maternal 

and offspring metabolic and mental health outcomes up to 1 year postpartum. It also aims to 

investigate longitudinal associations, thus increasing the understanding of the development of 

maternal and child obesity, glucose intolerance and mental health problems. 

Methods 

Study design 

We will conduct a monocentric superiority open Randomised Controlled Trial (RCT) with minimal risk 

aiming to test the effect of a multidimensional interdisciplinary lifestyle and psychosocial intervention 

for pregnant women with GDM and their offspring, compared with treatment-as-usual (figure 1). 
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Figure 1 Trial flowchart. 

Study population, recruitment, group allocation and blinding 

Women diagnosed with GDM according to IADPSG criteria106 107 will be recruited (1) in our diabetes 

and pregnancy clinic, where patients both from the University Hospital Vaud (CHUV) antenatal care 

clinic and from obstetricians in private practice are referred to or (2) referred to our clinic for the study 

from diabetologists in private practice and from regional hospitals 
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in the canton Vaud. Following their first clinical appointment, the study coordinator will explain the 

study and give the information sheet to the patient. Participating women will receive for their time, 

effort as well as the fees for their frequent travels CHF 250 at the 6–8 week postpartum visit and then 

CHF 200 at the 1 year visit. The inclusion criteria are as follows: pregnant women aged ≥18 years, with 

GDM at 24–32 weeks of gestation and understanding French or English. Women on strict bed-rest, 

with pre-existing DM or current episode of severe mental disorder will be excluded. The allocation 

ratio of randomisation is 1:1, using the block randomisation method (blocks of 4) after stratification 

for the place of the usual care (at the CHUV or the respective private diabetologist/regional hospital). 

Thus, each referral centre represents its own control. However, all intervention components and all 

the evaluations take place at the CHUV hospital. For allocation of the participants, a computer-

generated list of random blocks is used (https://www. sealedenvelope. com/ simple- randomiser). The 

allocation sequence will be concealed from the research staff assessing the primary outcomes in 

sequentially numbered, opaque, sealed envelopes. Envelopes will be opened only after the enrolled 

participants gave signed consent and completed all baseline assessments. Assessors of primary 

outcomes and the statistician will be blind to group allocation. 

Control group 

The control group will receive treatment-as-usual, which is based on the current guidelines of the 

American Diabetes Association2 and of the Endocrine Society.1 Patients are first seen at 24–32 weeks 

of gestation by a physician and/ or a specialised nurse practitioner who will then provide follow-up 

until childbirth. During the first visit, patients learn about GDM and how to perform self-control of 

blood glucose 4 times a day (fasting and 2 hours postprandially).1 108 Regarding the weight, lifestyle 

and mental health goals, details are provided in tables 1A and B. Standard advice about gestational 

weight gain according to the Institute of Medicine recommendations109 110 will be given. Patients have 

one appointment with a registered dietician in order to receive individualised dietary advice, with a 

focus on how to distribute carbohydrate intake over several meals and snacks, limit the intake of free 

sugars to less than 10%, and increase fibre intake to up to 30 g per day. Patients are encouraged to 

increase physical activity according to the Endocrine Society Guidelines.1 If despite lifestyle measures, 

glucose values remain above targets,1 2 twice or more during a 2-week period,108 metformin or insulin 

treatment is installed depending on glucose values (eg, insulin in case of relatively high glycaemic 

values) and patient preference.111 In the postpartum period, patients then undergo a 75 g oGTT at 6–

8 weeks postpartum and are seen afterwards by the physician and a dietician jointly to discuss results 

and further management and provide general advice on lifestyle measures.1 2 Patients then resume 
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usual care by their healthcare provider outside of the clinic. The frequency of blood glucose self-

control, the thresholds for initiating treatment, the choice of the medical treatment and the first visit 

with the dietician will be the same in the control and in the intervention group. 

Intervention group 

The complex, multidimensional, interdisciplinary lifestyle and psychosocial intervention will be offered 

on top of usual care. Details for the goals of the intervention group are provided in tables 1A and B. 

All goals will be individually tailored and set by the respective experts (dietician and physiotherapist) 

during the face-to-face prepartum consultations, based on the patients’ context and capacities112 and 

transmitted to the coach (see below). The goals will also be discussed during bimonthly 

interdisciplinary meetings in the postpartum period and exchanges regarding further adaptations.83–

86 89–93 113–124 Counselling about gestational weight gain according to the Institute of Medicine 

recommendations and about weight retention will be given.109 110 In addition to the dietary goals set 

in the control group, the intervention aims to reduce intake of total lipid intake,125 saturated fat,126 to 

prioritise higher quality fats such as monounsaturated fat present in the Mediterranean,127 128 DASH 

and plant-based diets and to reduce red or processed meat intake.127 It also aims to encourage mindful 

eating129–131 and regular, structured eating.1 The intervention also includes the promotion of 

continuous breastfeeding for at least 6 months. The intervention encourages aerobic and resistance 

physical activity66 68 132 133 and aims to reduce sedentary behaviour.134 Regarding the psychosocial 

part,135 patients will be screened for depression at study beginning, at 6–8 weeks, at 7 months 

postpartum and at 1 year postpartum. According to a stepped care approach (based on the patient’s 

Edinburgh Postnatal Depression Scale (EPDS) score), facilitated self-help with the coach or individual 

cognitive behavioural therapy sessions with the clinical psychologist will be offered.135 Common 

elements are: (1) challenge most unhelpful negative cognitions, (2) schedule at least one pleasurable 

activity per day, (3) increase social contacts, (4) improve sleep routine, (5) identify most stressful 

situations and apply cognitive behavioural strategies to improve their management.135 136 Patients who 

require a psychiatric evaluation will be referred to a psychiatry liaison service. Treatment goals for the 

offspring focus on diet, breastfeeding, nutrition, physical activity137 and emotional regulation, all of 

which will be addressed via psychoeducation and parenting training (see tables 1A and B). The 

intervention will take place during pregnancy and during the first year postpartum and will be 

delivered in individual sessions during the prepartum period with members of the multidisciplinary 

team, in 3–4 monthly individual interdisciplinary sessions in the postpartum period covering both the 

mother and the child or during group workshops. Throughout the pregnancy and up to 1 year 
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postpartum, patients will be accompanied and supported by a lifestyle coach (with regular supervision 

by a clinical psychologist) who will monitor adherence to the intervention, provide booster messages, 

identify barriers and facilitators, discuss action plans, provide support and teach strategies to work 

towards the individual goals. The coach will offer different behaviour change techniques138 targeting 

the HAPA90 constructs relevant for the respective phase participants are in. Depending on the needs 

and the progress of participants, the content of theory- based interventions will be tailored to the 

individuals. Self-monitoring by the patient will help to clarify the situation and adjust the goals. During 

pregnancy, the coach will have approximately 15 min of biweekly contact (by phone, videophone 

and/or face to face after clinical visits). During the first year postpartum, the coach will have 

phone/videophone contact with the mother every 3 weeks until 6 months and then monthly. Patients 

will receive a folder with written materials and resources and worksheets or text messages (according 

to preferences) to monitor their personalised tailored goals and action plans in the different domains 

throughout the study period. Close collaboration with paediatricians, obstetricians and existing 

healthcare networks that form part of the patients’ usual clinical care will be ensured. Social support 

will be encouraged on three levels.139–141 First, partners will be invited  
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to attend individual and group sessions during both the prepartum and postpartum period. If partners 

are unable to attend those sessions, a phone/videophone contact at the end of the sessions will be 

offered. Second, small peer support groups will be formed during the prepartum and postpartum 

workshops. Third, the coach will also transmit information about other local support offers and will 

refer the patient to a lactation consultant, if desired by the patient. There are no specific other 

intervention parts for the partners except their integration in the maternal and offspring goals, which 

include a family approach. 

Primary outcomes 

The primary outcomes are differences between the intervention and the control groups in (1) the 

decrease in maternal weight (calibrated Seca scale) between 24–32 weeks gestational age (GA) and 1 

year postpartum and (2) attenuation in maternal symptoms of depression (EPDS) during the same 

time period. 

Secondary outcomes 

Maternal outcomes 
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The following lifestyle behaviours will be measured: carbohydrate and fat intake (Food Frequency 

Questionnaire (FFQ), see below), eating behaviour (French Intuitive Eating Scale (IES), see below), 

breastfeeding (self-report), physical activity (accelerometer GENEActiv), sleep (Pittsburgh Sleep 

Quality Index (PSQI), see below). Aerobic fitness will be estimated using the Chester step test (see 

below) and muscular fitness will be assessed with the hand grip strength using a Jamar dynamometer 

(see below). Body composition measures include bioelectrical impedance analysis (BIA), the sum of 

four skinfolds (Harpenden callipers) as well as Dual-Energy-X-ray absorptiometry (iDXA device, GEHC-

Lunar, Madison, Wisconsin, USA). Cardiometabolic laboratory variables and miRNA will be measured 

(for more details, see Di Bernardo et al142). Additional mental health indicators include anxiety (Anxiety 

subscale of the Hospital Anxiety and Depression Scale (HADS), see below), depression (EPDS and 

Whooley questions, see below), well-being (WHO Well-Being Index, see below), social support 

(Medical Outcomes Study Social Support Survey-short form (mMOS-SS), see below) and parenting 

stress (Parenting Stress Scale-short form (PSI-SF), see below). 

Offspring outcomes 

Cardiometabolic laboratory variables and miRNA will be measured in the cord blood (for more details, 

see Di Bernardo et al142). Body composition measures include height, weight (standardized tools for 

infants), BIA and the sum of four skinfolds (Harpenden callipers). Mental health indicators include self-

regulation (Difficult Child subscale of the Parenting Stress Index-Short form, see below) and sleep 

(Brief Infant Sleep Questionnaire (BISQ), see below). 

Data collection and visits 

The study started in September 2016. The participation in the study is voluntary and involves a 

sequence of events and measurements as summarised in table 2. At 24–32 weeks GA, baseline 

assessments are carried out (visit 1), including the validated questionnaires, physical activity and 

fitness measures, body composition assessments and laboratory variables. If the women agree, their 

partners are also informed about the study and invited to participate using a separate information 

sheet and consent form. Once they have signed a separate consent form, research staff will measure 

the partner’s weight and height and ask him to complete validated self-report questionnaires (table 

2). During childbirth (visit 2), maternal blood will be drawn at the entry into the delivery room. After 

childbirth, blood will be drawn from the cord following clamping and birth weight will be recorded. 

Offspring birth weight and height will be collected from the hospital birth record. At 6–8 weeks 

postpartum (visit 3), while attending a clinical appointment, women will be asked to complete a series 
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of validated self-report questionnaires online, and physical activity and fitness measures, body 

composition assessments and laboratory variables will be measured. They will undergo a 75 g oGTT 

with blood sampling. Body composition assessments of their offspring will be assessed. At 1 year 

postpartum (final visit, visit 4), participants will be asked to complete a series of validated self-report 

questionnaires online, and physical activity, aerobic and muscular fitness, body composition and 

laboratory variables will be measured. Women, who sign an additional consent, will also undergo Bone 

Densitometry (DEXA) measures for more detailed body composition. They will undergo a 75 g oGTT 

with blood sampling and blood pressure (three measures) will be measured. Body composition 

measures of their offspring will again be assessed. 

Partners 

Partners of participating women who also agree to participate will be asked to complete validated 

questionnaires and body composition assessments at study entry and study end (when the women 

are at 24–32 weeks GA and at 1 year postpartum, respectively). 

Measures 

All measures and their timings are listed in detail in table 2. 

Self-report questionnaires: mother and partner 

Symptoms of depression in the preceding 7 days are assessed with EPDS,143 which has been validated 

for pregnant women.144 Each item is scored on a 4-point scale, the minimum and maximum total 

scores being 0 and 30, respectively. The EPDS has been validated in a French sample and good 

psychometric properties have been reported.145 The original authors suggested a cut-off score of 12.5 

as an indication of clinically significant depression but others reported that a score of 10 was the most 

useful cut-off in a French sample of postnatal women.145 Exposure to life events is measured with the 

Life Events Questionnaire (see below), in which participants are given a list of three negative 

pregnancy-related major events (suspected growth retardation, vaginal bleeding, premature 

contractions) as well as 10 negative pregnancy-unrelated major life events (death of someone they 

were close to, serious illness, exposure to abuse, exposure to violence, serious accident, 

unemployment, disability, alcohol/drug abuse, divorce, moving house) and have to indicate whether 

they have been exposed to any of these events in the last 12 months.146 147 Carbohydrate and fat intake 

is assessed with the FFQ.148 149 The FFQ comprises 97 items listing different types of food and drinks 

(tea, butter, tomatoes, chicken and so on) and six available spaces which allow the  
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person to write any additional food or drinks she/he might have taken over a 4-week period. Each 

item is rated for frequency of use on a 6-point Likert scale ranging from 1 ‘never in the past 4 weeks’ 

to 6 ‘twice a day’. The items are also rated on a quantity scale which allows the person to compare 

the portion they took in comparison with a reference portion (ie, 150 g, one piece and so on) with 

three response choices: ‘less’, ‘same’ or ‘more’. Eating behaviour is measured with the French IES,150 

151 assessing an individuals’ tendency to follow their physical hunger and satiety cues when 

determining when, what and how much to eat.152 In the current study, the IES was modified by taking 

out the unconditional permission to eat scale, as women with GDM are given strict diet counselling. 

Women respond using a 5-point Likert scale ranging from 1 ‘strongly disagree’ to 5 ‘strongly agree’. 

To calculate the scale scores, negative items are reversed, so that high scores on the total measure 

and subscales indicate greater intuitive eating. The individual scores of items under each subscale are 

then summed to obtain subscale scores ranging from 1 to 5. The French version of the IES-2 

demonstrated good psychometric properties.151 Anxiety symptoms are assessed with the HADS,153–155 

which has seven items measuring state-anxiety in the last 7 days. Each item is scored from 0 to 3, with 

higher scores indicating greater anxiety. Scores from 8 to 10 indicate possible clinical disorder and 

scores between 11 and 21 indicate probable clinical disorder. Furthermore, it may be used as a 

measure of symptom severity from normal (0–7), mild (8–10), moderate (11–14), to severe (15–21). 

The HADS has good psychometric properties.154 Well-being is measured with the WHO Well-Being 

Index (WHO-5),156 which consists of 5 questions assessing the subjective well-being of the 

respondents. The items are measured on a 5-point Likert scale ranging from 0 ‘at no time’ to 5 ‘all of 

the time’. The scale has adequate validity both as a screening tool for depression and as an outcome 

measure in clinical trials and has been applied successfully across a wide range of study fields. The 

scale has been used most extensively in endocrinology156 and has good psychometric properties in 

French.157 Parenting stress is assessed with the PSI-SF.158 It has 36 items and consists of three subscales 

that assess parental distress, dysfunctional parent–child interactions and child difficulties. Items are 

rated using a 5-point Likert scale from 1 ‘totally agree’ to 5 ‘totally disagree’. The PSI has good 

psychometric properties.159 Sleep duration and quality are measured with the PSQI,160 which has 19 

items and measures retrospective sleep quality and disturbances over a 1-month period. It 

discriminates between good and poor sleepers and provides a brief, clinically useful assessment of 

multiple sleep disturbances. The 19 items are grouped into seven equally weighted component scores: 

Subjective Sleep Quality, Sleep Latency, Sleep Duration, Habitual Sleep Efficiency, Sleep Disturbances, 

Use of Sleeping Medication and Daytime Dysfunction. Items 1–4 are free entry of: usual bed and wake 

times, minutes of total sleep time and sleep latency (minutes). Items 5–18 are rated on a 4-point Likert 



Leah Gilbert PhD in Life Sciences December 2020 
 
 

 
 139 

 

scale responses pertaining to problem frequency: ranging from 0 ‘not during the past month’ to 3 

‘three or more times a week’. Item 19 is rated on a 4-point Likert scale rating of overall sleep quality 

ranging from 0 ‘very good’ to 3 ‘very bad.’ All component scores range from 0 to 3. The Global Score 

ranges from 0 to 21, with a higher score indicating poorer sleep quality and a cut-off score of >5 

distinguishing poor sleepers from good sleepers. The questionnaire is validated in French.160 The 

English questionnaire was retrieved directly from the author.161 Social support is measured with the 

mMOS-SS,162 which has two subscales assessing emotional and instrumental social support composed 

of four items to identify potentially modifiable social support deficits. It has good psychometric 

properties162 and was translated into French.163 Food to soothe is assessed with the Food to Soothe 

Questionnaire,87 the first subscale of the Baby's Basic Needs Questionnaire.87 It measures parents’ 

likeliness to use food to sootheir child by 33 items with a Likert scale ranging from 1 to 5. Twenty-six 

items present scenarios in which parents might use food to soothe. Seven items measure the use of 

food to encourage/discourage child behaviour. Five items are specified as ‘other’ so that the parents 

can fill in specific scenarios that might not be addressed in the questionnaire. There are also two more 

questions inviting parents to share more information about the use of food to soothe and the use of 

food to encourage or discourage behaviours.87 The scales were retrieved by personal communication 

with the author164 and translated into French using standard techniques.163 Parental response to 

hunger/satiety clues is assessed with the Infant Feeding Style Questionnaire: Satiety subscale,165 

designed to assess parental feeding practices. This parent-report measure consists of five subscales 

that tap parental control practices and attitudes in child feeding.87 In this study, we use the satiety 

subscale. Two of the items probe beliefs and are coded on a 5-point Likert scale ranging from 1 

‘disagree’ to 5 ‘agree’. The five other items probe behaviours and are coded on a 5-point Likert scale 

ranging from 1 ‘never’ to 5 ‘always’. The scales were obtained directly from the author166 and 

translated into French using standard techniques.163 

Self-report questionnaires: offspring 

Offspring sleep duration and quality are measured with the BISQ.167 The role of the responder is asked 

as well as the age, gender and birth order of the child. The parent rates their child's nocturnal sleep 

duration, daytime sleep duration, number of night waking, duration of wakefulness during the night 

hours, nocturnal sleep-onset time, settling time, method of falling asleep, location of sleep and 

preferred body position during the past week. It has 14 items, which all have specific scoring measures 

related to the type of question. BISQ scores correlate significantly with sleep measures derived from 

actigraphy and sleep diaries.167 The scales were obtained directly from the author168 and translated 
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into French using standard techniques.163 Offspring self-regulation is assessed with the PSI-SF158 (see 

above). 

Physical activity and fitness measures 

Physical activity (total physical activity and its intensity) is assessed using an accelerometer 

(GeneActiv) that is worn on the right wrist during 10 consecutive days.169 The Chester Step Test, a 

multistage submaximal exercise test, is performed to estimate aerobic fitness (maximal oxygen uptake 

(V’O2max)).170 Before starting the test, patients are instructed and experience a 30 s familiarisation. 

During the test, the step rate (assessed by an audiotape) starts at 15 step/min and increases of 5 

step/min every 2 min. Patients are asked to step up and down for a maximum of 10 min. Step height 

(15, 20 or 25 cm) can be adapted depending on the physical characteristics and/or activity level of the 

patients. Heart rate (HR) and rate of perceived exertion (RPE) on Borg’s scale are monitored at the 

end of each 2 min stage. The test is stopped when patients reach 80% of the estimated HRmax (220-

age), when RPE≥15 or when the patient shows signs of distress during the test. The VO2max is then 

estimated using a standardised equation. The Chester step-test was validated against indirect 

calorimetry and demonstrated reasonable validity.171 Muscular fitness is assessed with a hand grip 

strength dynamometer (Jamar dynamometer) following standard procedure.172 Before starting the 

test, patients are instructed on the correct use of the dynamometer (hand and wrist position during 

squeezing). Then, patients are seated in a chair and are asked to squeeze the dynamometer as tightly 

as possible. A verbal encouragement is given during the test. Three measures are taken for each hand 

and the highest value is considered for analysis. 

Physical examination: body composition assessments 

Weight is measured in mothers, fathers as well as their babies to the closest 100 g. For the mothers 

and fathers, a calibrated scale (Seca Model 220) is used. Participants are asked to remove their shoes 

as well as any heavy clothing (jeans, jacket, scarf and so on). For babies, a calibrated scale (model Seca 

336) is used and they are weighed without any clothes or nappy. Height is measured in mothers, 

fathers as well as length in babies to the closest mm. For the mothers and fathers, a calibrated scale 

(Seca Model 220) is used and they are asked to remove their shoes. For babies, a calibrated scale (Seca 

model 336) is used. The infant’s head is placed against the head positioner (Seca model 419), then the 

experimenter lightly presses on the infant’s knees and measures the infant’s length with the 

measuring rod (Seca Model 232). Total fat mass of the mother and her offspring are measured with 

BIA and skinfolds. BIA measures the reactance and the resistance of the patient.173 Any metallic objects 
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such as watches, bracelets or others are removed before starting the BIA. The participant needs to lie 

down, arms and legs spread away from each other, so that there is no contact between the limbs. 

Four electrodes are positioned; two on the right hand and two on the right foot, at a distance of 3–4 

cm from each other (BIA 101, Akern, Italy). Obese women with an altered body composition can be 

identified and monitored using vector BIA.174 A relaxation phase of 10 min is respected before 

measurements are taken. Skinfolds are measured with a Harpenden skinfold calliper (HSK-BI, British 

Indicators, UK) on the biceps, the triceps, the subscapular and the iliac crest. Muscle tissues are not 

included in the skinfolds. Measures for the mothers are taken on the right side of the body while 

standing up. Measurements are taken twice, and a third time if the difference between the two first 

measures is over 1 mm. A mean between the two or three values is calculated.175 176 For the babies, 

the measures are taken once on the left hand side while their mothers are holding them.177 Total and 

regional fat mass measured by Dual-Energy X-ray absorptiometry (mother). Participants are asked to 

remove all metal items before densitometry and are examined while wearing only their underwear 

and a cloth gown. The subjects are placed in a supine position with their arms at their sides but held 

slightly separated from their trunk and correctly centred on the scanning field. Regions of interest are 

defined by the analytical programme, and include different corporeal districts: total body, trunk, head, 

pelvic, upper limbs, lower limbs, android and gynoid region. For each region, DXA scans bone mineral 

content, bone areal size and weight (in grams) of total mass, FM and non-bone lean mass. For the 

android and gynoid regions, the ratio between android and gynoid fat distribution is also assessed. 

Also calculated are a FM index (kg/m2), computed as the ratio of total body FM over height squared 

and a skeletal muscle mass index (kg/m2), computed as the ratio of appendicular skeletal muscle mass 

over height squared. Finally, the intravisceral fat index is assessed using a special algorithm provided 

by the manufacturer. Blood pressure in mothers and their partners is measured by obtaining three 

readings at 2 min intervals with a clinically validated oscillometric sphygmomanometer (OMRON HEM-

907, Japan). 

Laboratory variables 

Mother 

Cardiometabolic laboratory variables such as HbA1c, lipid levels, gamma-GT, B12 vitamin, ferritin will 

be measured at study beginning, at 6–8 weeks and at 1 year postpartum and miRNA will be 

additionally also measured at birth. At 6–8 weeks and at 1 year postpartum, a 75 g oGTT with blood 

sampling at 30 min intervals for 2 hour will be performed to assess glucose tolerance and indices of 

insulin secretion and sensitivity. 
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Offspring 

Cord blood sample will be obtained at the time of birth to measure lipid levels, glucose, HbA1c and 

other cardiometabolic laboratory parameters as well as miRNA (for more details, see Di Bernardo et 

al142). A sample of the respective blood draw will be kept for future potential analyses. 

Sample size calculation 

Sample size was computed based on the expected difference in primary outcomes between the 

control and the intervention group. The weight assumptions are based on our pilot data and goals for 

weight retention. Regarding maternal weight, we assumed a weight reduction of 8.4 kg (SD: 5.5) 

between study enrolment at 24–32 GA, after GDM diagnosis and 1 year postpartum in women 

allocated to the control group compared with a weight reduction of 10.9 kg (SD: 5.5) in women 

allocated to the intervention group. The required sample size is 76 women in each study group to have 

a statistical significant difference with a power of 80% and an alpha-level set at 0.05 (two-sided). This 

sample size is also sufficient to observe statistical significant differences in the reduction in the 

Edinburgh Postnatal Depression Scale, if we assume that the reduction in the depression score 

between the above-mentioned two time points is 0.2 (SD: 4.3) in women allocated to the control 

group and 2.2 (SD: 4.4) in women allocated to the intervention group. Assuming a maximum attrition 

rate of 30%, we will include 100 women in the control and 100 in the intervention groups to provide 

adequate power. 

Statistical analysis 

For the primary aim, differences in the changes in maternal weight and the EPDS symptoms score 

between enrolment after GDM diagnosis and 1 year postpartum at the end of the study between the 

intervention and the control group will be analysed using linear regression analysis. For the secondary 

aims, the analyses will be performed both for differences in changes between the intervention and 

the control group and for differences between groups at different time points (baseline at inclusion, 

childbirth, 6–8 weeks and 1 year postpartum) in maternal metabolic health outcomes, maternal 

mental health outcomes and offspring metabolic and mental health outcomes. This will be tested 

using linear regression analysis. We will compare the proportion of patients meeting guidelines for 

gestational weight gain and for weight retention at 1 year postpartum between the two groups using 

logistic regression analyses. Associations between outcomes will be tested using linear regression 

analyses. Differences between groups will be adjusted for the respective baseline values in case they 

differ. Variables will be transformed if residuals are not normally distributed. We will include potential 
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confounding variables, if necessary. These include maternal age, sex of the children, the presence of 

prenatal, perinatal and early postnatal conditions/complications, BMI, EPDS symptoms score and 

socioeconomic status where applicable. Subgroup analyses will be performed according to weight 

status, mental health status (EPDS score <10 vs ≥10), prediabetes status at the initial postpartum 

evaluation (6–8 weeks postpartum) as well as sex (for the children). Analyses will be conducted with 

STATA V.14.0. For confirmatory analyses, a Bonferroni correction for multiple analyses will be applied. 

For initial exploratory analyses, no such correction will be used.178 For the partners, we will evaluate 

changes between groups and differences between groups at different time points (baseline at 

inclusion, 1 year postpartum) in weight and paternal eating behaviour and mental health outcomes. 

Finally, a process evaluation nested inside the trial will be conducted in order to assess fidelity and 

quality of implementation, to clarify causal mechanisms and to identify contextual factors associated 

with variation in outcomes.179 

Adverse events 

All expected and unexpected adverse events will be recorded during the entire study period. A 

recognized potential risk is the occurrence of early contractions due to intense physical activity. In 

order to monitor and mitigate this potential risk, patients will be closely supervised by a physician and 

a physiotherapist. In case of early contractions, participants will be requested to reduce or stop their 

physical activity. 

Data management 

All study data will be entered by research staff (PhD students and study co-ordinator). All data will be 

precoded and stored in a secured database (Secutrial), which will be regularly updated by the IT 

Service of the Lausanne University Hospital. Double data entry will be done for the primary outcomes. 

For the rest of the data, a random 5% will be double-checked. 

Monitoring 

Monitoring will be performed by a qualified person independent of the study group and will be 

organized in two parts: the initial visit took place before the start of recruitment and the second visit 

after approximately 10% of the study population have been recruited. 

Ethics and dissemination 
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The trial poses little to no risk to participants and their offspring. Signed informed consent is obtained 

from all participating women. Participation in the study does not interfere with the typical care 

patients receive during pregnancy and after childbirth. Results from this study will be disseminated at 

regional and international conferences and in peer-reviewed journals. The MySweetHeart Trial is a 

registered trial ( clinicaltrials. gov/ ct2/ show/ NCT02890693) and linked to the MySweetHeart Cohort 

( clinicaltrials. gov/ ct2/ show/ NCT02872974). 

Significance and outlook 

This project will provide relevant findings regarding understanding of GDM, potential pathways and 

its link to lifestyle, mental health and the development and trajectories of obesity and diabetes in the 

mothers and obesity in their offspring. It will also provide relevant findings regarding treatment of 

GDM and its impact on complications such as diabetes and obesity and may thus help to elucidate 

potential solutions, thus leading to significant changes in clinical practice and guidelines. Due to its 

interdisciplinary nature, this research is of interest for clinicians, educators and researchers in the field 

of diabetes, obstetrics, paediatrics and development, psychology, sport and nutrition sciences and 

public health. 
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Highlights 

• Women with GDM (gestational diabetes mellitus) generally have poorer mental health. 

• In our population, well-being increased between GDM diagnosis and late pregnancy. 

• Well-being and depression were inversely associated after GDM diagnosis. 

• Depression was positively associated with weight gain during pregnancy. 

Abstract 

Objective Despite the prevalence of depression in women with gestational diabetes mellitus (GDM) 

and the relationship of mental health (depression and well-being) with metabolic health, little is 

known about mental health and its metabolic impact in GDM pregnancy. This prospective clinical 
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cohort study aimed to investigate the association between 1) well-being and depression, and 2) 

between mental health and weight/weight gain in women with GDM. 

Methods We included 334 pregnant women with GDM treated at a University Hospital between 

January 2016 and December 2018. They completed two self-report questionnaires: The World Health 

Organization well-being index (WHO-5) at the first (29 weeks of gestation) and last visit (36 weeks of 

gestation) at the GDM clinic and the Edinburgh Postnatal Depression Scale (EPDS) at the first visit; a 

cut-off of ≥ 11 was selected for the latter to indicate the presence of clinically relevant symptoms of 

depression.  

Results Well-being increased by 11.8% (7.1± 16.5 points; CI=4.9-9.3; ; p<0.0001) during GDM 

pregnancy. There was an inverse association between the well-being and depression scores at the first 

GDM visit (r= -0.55; p<0.0001). Concerning associations between mental health and weight, clinically 

relevant depression symptoms at the first GDM visit were associated with subsequent weight gain 

until the end of pregnancy (β=1.249; p=0.019).  

Conclusions In women with GDM, patients with clinically relevant depression symptoms are at risk of 

gaining more weight during pregnancy. 

Keywords: 

cohort, depression, EPDS, pregnancy, well-being, weight, WHO-5 

Introduction 

In women with GDM (gestational diabetes mellitus), mental health is still understudied, 

particularly with regards to its association with metabolic health parameters, such as weight (1). 

However, mental health and weight are both important factors to consider in women with GDM, for 

several reasons. Regarding mental health, depression in pregnancy is associated with multiple adverse 

metabolic and mental health outcomes for both, the mother and the child (2, 3). Firstly, depression in 

pregnancy often leads to low birth weight and preterm delivery (4) and is associated with a higher risk 

of instrumental delivery (5, 6). Secondly, it is associated with  difficulties in breastfeeding (7) and poor 

attachment with the new-born (8). Finally, depression during pregnancy is also associated with a 

higher risk of developing GDM (9-11), and women with GDM have a three times higher risk of 

developing depressive symptoms during late pregnancy (12-14). Nevertheless, the effect of 

depression during a GDM pregnancy is still understudied.  
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It is important to capture mental health in a comprehensive way. Although depression plays 

an important role in women with GDM, it is also essential to investigate well-being, as positive 

emotional health is an important factor to consider when studying diabetes (15). Furthermore, 

depression and well-being might be related, and there is a lack of research on well-being in women 

with GDM. Well-being, more precisely, emotional well-being as measured by the World Health 

Organisation – Five Well-Being Index (WHO-5) (16), can be described as “the emotional quality of an 

individual’s everyday experience—the frequency and intensity of experiences of joy, stress, sadness, 

anger, and affection that make one’s life pleasant or unpleasant” (17). Thus, the first aim of this study 

was to analyse the association between well-being and depression. 

In GDM, both weight and excessive weight gain are essential health parameters, and weight 

gain is higher in this population (18). It can increase adverse outcomes, such as hypertensive disorders 

during pregnancy (19) and weight retention in the postpartum period, and augment the risk of 

developing type 2 diabetes and cardiovascular disease later in life (20-23). Excessive gestational 

weight gain in women with GDM may also lead to perinatal complications, such as a higher risk of 

preterm and caesarean delivery, macrosomia, and to birth weights over the 90th percentile for age 

and sex (24-26). Given the numerous adverse consequences related to excessive weight or weight gain 

in women with GDM, it is important to understand all factors which might influence weight during 

GDM pregnancy. 

In the general pregnant population, antepartum depression can have consequences on 

metabolic health, especially on weight gain (27-29). Indeed, individuals with psychological and 

emotional discomfort tend to eat as a strategy to relieve themselves of negative symptoms (30). Also, 

depression and stress may diminish coping abilities in individuals and can result in disordered eating 

behaviours and lower dietary quality (31). Pregnant women experiencing depression and stress are 

more likely to consume energy-dense, nutrient-poor foods, thus decreasing their dietary quality and 

increasing their risk for excessive gestational weight gain and subsequent obesity (31). Well-being is 

also important to consider, as well-being between pregnancy and five years later is associated with 

less weight retention in the general population (32). Moreover, outside of pregnancy, a higher score 

of well-being in diabetic patients is associated with a better diet and higher physical activity (15) and 

thus might also be related to health behaviour impacting weight in women with GDM. Although the 

link between depression, well-being and weight or weight gain is particularly relevant in women with 

GDM, this is an understudied area. Thus, our second aim was to investigate the association between 
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mental health (depression and well-being) and weight and weight gain in these women during 

pregnancy.  

Materials and Methods 

Setting 

This prospective clinical cohort study included pregnant women diagnosed with GDM after 

their first visit at the GDM clinic at a University Hospital in Switzerland between January 2016 and 

December 2018. During the first clinical visit that takes place at around 29 weeks of gestation 

(Mean=28.9 ±SD=3.3), patients are generally seen by a clinical nurse specialist in GDM or a physician; 

they receive information on GDM, and are taught how to perform a capillary blood glucose test. 

Women are usually seen by a dietician one week later and then followed up by a nurse or a physician 

about once every two weeks. Women commonly attend their last GDM visit before giving birth at 

around 36 weeks of gestation (Mean=36.2 ±SD=1.9) 

Participant consent and recruitment 

Women who were diagnosed with GDM according to the American Diabetes Association 

(ADA) guidelines and the International Association of the Diabetes and Pregnancy Study Groups 

(IADPSG) (21, 33), were asked to take part in the GDM cohort by the research team and were given a 

consent form to sign containing further information on data usage. The « Commission Cantonale (VD) 

d’éthique de la recherche sur l’être humain (CER-VD) » approved the study protocol ”Impact du 

diabète gestationnel sur la mère et son enfant pendant et après la grossesse“ (study n° 326/15). 

Inclusion and exclusion criteria 

Subjects were eligible if they had a GDM diagnosis, were followed up in our clinic between 

2016 (when we started to routinely collect mental health data) and December 2018, and gave written 

consent to participate. Therefore, 334 consecutive women were included in this study. 

Measures 

Maternal depression symptoms 

Edinburgh Postnatal Depression Scale (EPDS) : This scale is used to measure symptoms of 

depression in the preceding seven days (34). Each item is scored on a 4-point scale, the minimum and 

maximum scores being 0 and 30, respectively. The EPDS has been validated in pregnant women (35) 

as well as in a French sample of women in the postpartum period and the scale had good criterion 
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validity and internal consistency (Cronbach's alpha: 0.76) and good short term test-retest reliability 

(0.98) (36). In this study, we used the EPDS score as a continuous variable (depression score) and we 

also created a dichotomous variable with a cut-off of ≥ 11 (depression cut-off) as a score of ≥ 11 can 

indicate the presence of a major depressive disorder in pregnancy (35). Nonetheless, as the gold 

standard for depression screening is clinical interviewing (37), we  interpreted a score of ≥ 11 as 

clinically relevant symptoms of depression. This questionnaire was given to the patients by the 

research team at the first GDM visit, in French or English. In order to ensure that we were accounting 

for the multi-ethnicity and diversity of women coming to our clinic, a professional certified translator 

assisted women who did not speak French or English to complete this questionnaire.  

Maternal Well-being Index 

World Health Organization - Five Well-Being Index (WHO-5): Well-being was measured with 

the WHO-5, which consists of 5 questions assessing the subjective well-being of the participants (38). 

The items are unidimensional and measure well-being by statements such as: “I have felt cheerful and 

in good spirits” on a 5-point Likert scale ranging from 0 ‘at no time’ to 5 ‘all of the time’. The final score 

is then calculated by multiplying the score by 4, thus the score ranges from 0 to 100. The WHO-5 was 

originally designed to measure positive well-being (coping with illness), negative well-being 

(depression and anxiety) and energy, it used to be comprised of 28 items and was then reduced to 

fewer items (39). When the five-item version was developed studies demonstrated that it could be 

used to measure depression, indicated by a score of <13 (40) or < 50 if the score is multiplied by 4 (16). 

In other studies it also has been demonstrated to be highly negatively associated with self-reported 

and observer-rated measures of depressive symptoms (41). As the relationship between well-being 

and metabolic health in GDM pregnancy has not been studied so far, we chose to use this 

questionnaire to measure positive well-being (42). The scale has adequate validity, has good 

psychometric properties in French as the Cronbach's alpha is 0.88, confirming good internal 

consistency, it has been applied successfully across a wide range of study fields, though it has been 

used most extensively in endocrinology and (38, 43). This questionnaire was given at the first and last 

GDM visit to the patients by the research team. As the WHO-5 is validated in 31 different languages, 

we were able to distribute them in a variety of different languages. 

Maternal anthropometric, obstetric and sociodemographic variables 

At the first GDM visit, women were weighed in light clothes and without shoes, and their 

height was measured. Age, gestational age and educational level were assessed by interview or 
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extracted from obstetric charts. Additionally, patients answered questions about their social support 

(lives with partner vs lives alone) during the first GDM visit. At the last GDM visit, their weight was 

measured again. The weight gain variable was thus calculated by subtracting the weight at first GDM 

visit from the weight at last GDM visit. 

Data analysis 

All analyses were carried out with Stata/SE 15.0 (StataCorp LLC, TX, USA). Descriptive statistics 

were carried out for socio-demographic variables (please refer to Table 1). Ordinal outcomes were 

described as frequencies and percentages. For continuous variables, normality of distribution was 

graphically assessed with normal QQ-plots. Those variables were then described with their mean and 

standard deviation. Univariate linear regressions analyses were conducted for all aims (Model 1) in 

order to evaluate the raw associations between two variables of interest. These associations were 

then adjusted for confounding variables (Model 2, see below). 

We first conducted a paired t-test to study if well-being changed between first GDM visit and 

the end of pregnancy (i.e., last GDM visit). For the first aim, we performed a linear regression where 

the independent variables were the depression score and cut-off of ≥ 11 at the first GDM visit and the 

dependent variable was the well-being score at the first GDM visit. For the second aim, the 

independent variables were the depression score and the cut-off of ≥ 11 and the well-being score, all 

at the first GDM visit; the dependent variables were weight at the first GDM visit and weight gain 

between the first and the last GDM visit. Adjustments for the following confounding variables were 

made for all linear regressions (Model 2): maternal age, gestational age, educational level, and social 

support. For the first aim, we also added BMI (Body Mass Index) at the first GDM visit as a confounder. 

For the second aim, we only added BMI as a confounder when the dependent variable was weight 

gain. Gestational age was added as a confounder, as it can have an impact on the mother’s weight 

(44). Maternal educational level (45) and social support status (46) were added as confounders, as 

they have an impact on the mother’s mental health. At the first GDM visit, there were seven missing 

cases for height, 18 missing cases for weight, 19 missing cases for BMI, 53 missing cases for weight 

gain, two missing cases for gestational age, five missing cases for ethnicity of the patients, 25 missing 

cases for social support, 57 missing cases for educational level, 42 missing cases for the depression 

score and cut-off, 39 missing cases for the well-being score at the first GDM visit. At the last GDM visit, 

there were 120 missing cases for gestational age and 105 missing cases for the well-being score. Based 

on the Missing at Random assumption, we conducted imputations by using the Multiple Imputation 
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by Chained Equations method. This led to similar results (data not shown; available upon request); 

thus, we chose to use the original data for the present analysis. 

Data sharing statement 

Data is available from the first author upon request. 

Results 

Sample characteristics 

Sample characteristics are described in Table 1. At the first GDM visit, participants had a mean 

age of 33.4±5.5 years, a mean gestational age of 28.9±3.3 weeks, a mean weight of 78.3±14.8 kg, a 

mean well-being score of 60.1±20.2 and a mean depression score of 7.5±5.5, with 26.0% of women 

having clinically relevant symptoms of depression. At the last GDM visit, the mean gestational age was 

36.2±1.9 weeks, the mean weight was 80.6±14.8 kg and the mean well-being score 67.2±18.3.  

Table 1. Sample characteristics: Maternal sociodemographic, anthropometric, obstetric, and mental 
health variables. 

 Mean (SD) n (%) 

Maternal sociodemographic and anthropometric 

variables 

  

Age (years) 33.4 (5.5)  

Educational level   

   Compulsory education not completed  20 (7.2%) 

   Compulsory education completed  58 (20.9%) 

   Secondary school  40 (14.4%) 

   Apprenticeship  52 (18.8%) 

   University degree  107 (38.6%) 

Social support   

   Lives with partner  280 (90.6%) 

   Lives alone  29 (9.4%) 

Weight (kg) at the first GDM visit 78.3 (14.8)  

Weight (kg) at the last GDM visit 80.6 (14.8)  

Weight gain (kg) between the first and last GDM 

visit 

2.4 (3.5)  

BMI at the first GDM visit 29.2 (5.3)  

Obstetric variables   

Gestational age (weeks) at first GDM visit 28.9 (3.3)  

Gestational age (weeks) at last GDM visit 36.2 (1.9)  

Mental health variables   

Depression score at first GDM visit 7.5 (5.5)  
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Depression cut-off ≥ 11 at first GDM visit  76 (26.0%) 

Well-being score at first GDM visit 60.3 (20.5)  

Well-being score at last GDM visit 67.4 (17.9)  

 
BMI: body mass index. 
 
 
Changes and associations between mental health variables during pregnancy  

The well-being score increased from 60.3 ± 20.5 at the first GDM visit to 67.4 ± 17.9 at the end 

of pregnancy, indicating a 7.1 point (± 16.5) or an 11.8% increase on average in the in well-being score 

among study participants (CI=4.9-9.3; p<0.0001). An inverse strong association between the well-

being score and the depression score (β=-2.08; r= -0.55; p<0.0001) and an inverse moderate 

association between the well-being score and the depression cut-off ≥11 at the first GDM visit (β=-

21.77; r= -0.47; p<0.0001, see Table 2) were found. These associations remained significant after 

adjustments for confounders (β=-1.95; p<0.0001 and β=-20.93; p<0.0001; see Table 2).  

Table 2. Association between mental health variables in women with GDM. 
 

 Model l  Model 2 

 
β-Coefficient (95% confidence 

interval) 
β-Coefficient (95% confidence 

interval) 
 Well-being at the first GDM visit 

Depression score at 

the first GDM visit 
-2.077 (-2.445 – -1.708)** -1.953 (-2.373 – -1.532)** 

Depression cut-off ≥ 

11 at the first GDM 

visit 

-21.773 (-26.502 – -17.044)** -20.933 (-26.203 – -15.622)** 

 
* p < 0.05, ** p < 0.01 

Model 1 was an unadjusted linear regression model. Model 2 was a linear regression model with 
adjustments for: Maternal age, gestational age, educational level, social support and BMI at the first 
GDM visit.  

Associations between mental health and weight variables 

We found no significant associations between the depression score and the cut-off ≥11 at the 

first GDM visit and weight at the same moment (β=0.05; p=.76 and β=0.78; p=0.69), even after 

adjustments for confounders (β=0.04 and β=1.53; both p≥0.49; see Table 3a). There were no 

significant associations between the depression score at the first GDM visit and subsequent weight 

gain, regardless of adjustments (β=0.06; p=0.19 in Model 1 and β=-0.01; p=0.82 in Model 2). On the 
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other hand, positive and significant associations between the depression cut-off ≥11 at the first GDM 

visit and subsequent weight gain during pregnancy were found (β=1.25; p=0.02). After controlling for 

confounders, this association did not remain significant (β=0.24; p=0.69; see Table 3b).  

 The associations between the well-being score at first GDM visit with concurrent weight and 

subsequent weight gain (β=-0.06; p=0.19 and β=0.007; p=0.53) were not significant. After 

adjustments, there was a trend towards an inverse association between the well-being score and 

weight at the first GDM visit, but not with weight gain (β=-0.09; p=0.07 and β=0.01; p=0.38; see Tables 

3a and 3b). 

Table 3a. Association between mental health variables and weight in women with GDM. 
 

 Model l  Model 2 

 
β-Coefficient (95% confidence 

interval) 
β-Coefficient (95% confidence 

interval) 
 Weight (kg) at the first GDM visit 

Depression score at 

the first GDM visit 0.048 (-0.259 – 0.356) 0.043 (-0.309 – 0.394) 

Depression cut-off of 

≥ 11 at the first GDM 

visit 

0.780 (-3.009 – 4.567) 1.534 (-2.794 – 5.861) 

Well-being score at 

the first GDM visit 
-0.055 (-0.138 – 0.027) -0.088 (-0.184 – 0.008) 

 
* p < 0.05, ** p < 0.01 

Model 1 was an unadjusted linear regression model. Model 2 was a linear regression model with 
adjustments for: Maternal age, gestational age, educational level and social support at the first GDM 
visit.  

Table 3b. Associations between mental health variables and weight gain in women with GDM. 

 

 Model l  Model 2 

 
β-Coefficient (95% confidence 

interval) 
β-Coefficient (95% confidence 

interval) 

 Weight gain (kg) between the first and last GDM visit 

Depression score at 

the first GDM visit 0.056 (-0.029 – 0.142) -0.011 (-0.104 – 0.082) 

Depression cut-off of 

≥ 11 at the first GDM 

visit 

1.249 (0.203 – 2.294)* 0.237 (-0.910 – 1.383) 
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Well-being score at 

the first GDM visit 
0.007 (-0.016 – 0.030) 0.011 (-0.014 – 0.036) 

 
* p < 0.05, ** p < 0.01 

Model 1 was an unadjusted linear regression model. Model 2 was a linear regression model with 
adjustments for: Maternal age, gestational age, educational level, social support and BMI at the first 
GDM visit.  

Discussion 

This prospective clinical cohort study aimed at investigating associations of maternal mental 

health variables (well-being and depression symptoms) over the course of pregnancy in women with 

GDM. It also examined associations between these mental health variables and weight/weight gain. 

The well-being score increased between first and last GDM visit and the well-being score at 

first GDM visit was inversely associated with the depression score and the depression cut-off ≥11. 

Regarding the association between mental health and weight, our results indicated that a depression 

cut-off ≥11 was positively associated with subsequent weight gain during pregnancy in the unadjusted 

analyses, whereas, no other mental health parameters were significantly associated with weight or 

weight gain.   

This study addressed an important gap in the literature regarding the trajectory and 

associations in mental health in women with GDM. Well-being increased by 11.8% between the short 

period of time separating the first GDM visit after diagnosis and the last GDM visit before delivery; a 

context of significant changes for pregnant women with GDM. Granting this, one study investigated 

the change in well-being in a primary care setting of psychiatric patients (42) and showed that a change 

of 11 points on the WHO-5 scale would demonstrate clinically significant change in well-being. The 

increase of 7.1 points in our patients could be due to the fact that they are seen by various 

professionals, which counsel, accompany and help them with regards to their understanding of the 

GDM diagnosis, their lifestyle and glucose management. This might bring some reassurance to these 

women, as they might feel cared for. This is corroborated by a study showing that women with GDM 

receiving dietary advice, blood glucose monitoring, and insulin therapy, as needed, from 24-34 weeks 

of gestation improved their mood, quality of life and decreased their rates of depression at three 

months postpartum compared to a routine care group (47). In our patients, this improvement in 

mental health could have already started earlier, i.e., in the prepartum period, as shown by the 

increase in well-being. It would therefore be interesting to investigate further possible changes in well-

being in the postpartum period. 
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It seems compelling that the well-being score would be inversely associated with the 

depression score and cut-off ≥11 and, indeed, this was demonstrated by our results for the first time 

in pregnancy. Wersebe and colleagues had previously established that well-being was lower in non-

pregnant participants suffering from major depression compared to individuals not suffering from 

depression (48). We also showed that well-being only explained around 25% of our two depression 

variables (both r around 0.5). This means that depression and well-being items also give distinct 

information and, thus, are both important to investigate. This finding is corroborated by another study 

concluding that while mild and moderate levels of depression were negatively associated with well-

being, the WHO-5 demonstrates inefficacy in detecting severe and extreme forms of depression (41). 

Nevertheless, in primary care for psychiatric patients, in the general population, or in type 1 and type 

2 diabetes, studies have used the WHO-5 to measure depressive symptoms (16, 41, 49). However, 

further investigations are needed in the pregnant population, particularly in women diagnosed with 

GDM who are at higher risk of developing depression.  

Despite the fact that depression has been shown to be associated with metabolic health, 

especially with weight, in the general pregnant population (27-29, 50), we did not find any associations 

between the depression variables and weight in our sample of pregnant women with GDM. The 

inverse prospective association we found between clinically relevant symptoms of depression (cut-off 

≥11) and subsequent weight gain is novel and interesting. However, it did not remain significant when 

we controlled for confounding factors. The fact that we did not find an association between the 

general depression score with weight gain could be due to the fact that there may be a non-linear 

association between mental and metabolic health that is only present above a certain cut-off when 

depression symptoms are more clinically relevant. The time interval might also be too short to show 

sufficient significant changes regarding this relationship. In previous studies, weight and depression 

were associated. Indeed, during an episode of depression, obese individuals from the general 

population were five times more likely than the non-obese individuals to overeat, leading to weight 

gain (51). Furthermore, depression measured by the EPDS (as a score as well as a cut-off ≥12) or by 

the DASS (Depression Anxiety Stress Scales) using five different cut-off scores, was associated with 

excessive weight gain in pregnancy and in the general population (28, 29). Nonetheless, data is lacking 

in women with GDM, which is surprising, considering that women with GDM are more susceptible to 

higher weight gain during pregnancy, as well as to a higher risk of depressive symptoms (12, 13, 18). 

In these women, there might even be a synergistic effect of depression and weight gain that amplifies 

adverse outcomes in the mother and the infant. Thus, it would be helpful to investigate this topic in 

larger studies. 
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Finally, we found no association between the well-being score and weight. Our results are in 

conflict with other studies, where well-being has been inversely associated with weight outside of 

pregnancy (52) and with weight retention in the postpartum period (32). It seems that other clinical 

factors might have played a role and thus, we suggest that future research investigates the 

relationship between well-being and weight gain, as our results were close to significant and might 

have been significant if the timing between the measures was longer or the population larger. 

Clinical implications  

Our results showing that well-being augmented by 11.8% between the first and last GDM visit 

is of clinical relevance. Indeed, this may suggest that a good and comprehensive clinical follow-up may 

counteract the negative emotional impact of a GDM diagnosis (12), although this would need to be 

confirmed by a RCT. Our findings demonstrating that well-being was inversely correlated to depression 

and explained around 25% of its variance imply that other factors might impact both mental health 

variables and that it is more informative to measure them both. 

Of further clinical relevance is the association of the depression cut-off ≥11 with higher weight 

gain during GDM pregnancy. This highlights the importance of screening women’s mental health 

during pregnancy, as recommended by the National Institute for Health and Clinical Excellence (53) 

and the ADA (54) . As weight gain in pregnancy and in women with GDM may have a deleterious 

impact on the mother and the child (6, 31, 45, 55-57), actions may be taken to lower their depressive 

symptoms as a means to restricting weight gain during pregnancy. Given our results and the results of 

a recent review together (1), women with GDM may benefit from being screened but also treated for 

mental health symptoms early after their GDM diagnosis.  

Strengths and limitations 

 This study has many strengths, including the prospective design investigating a “real-life” 

clinical cohort of consecutive women, the use of validated self-report questionnaires, and the 

inclusion of influential confounding variables. This study also included women speaking other 

languages then French and English, thus increasing generalizability and reflecting the GDM population 

in Switzerland. Nevertheless, some limitations need to be addressed. First, a longer time period might 

have yielded more pronounced results regarding the relationship between mental health and weight 

gain, as weight gain was only 2.4 kg. It would be interesting to investigate these relationships up to 

the postpartum period. Second, additional confounders that could not be accounted for might have 

affected our results. Third, these women also met different professionals during their pregnancy, 
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advising them about their diet and lifestyle behavior, which might have influenced their weight gain. 

As this paper has an explorative nature, we did not account for previous mental health diagnosis, as 

is the case for similar papers in this domain (12). Finally, there is a high attrition rate, as this study took 

place in a clinical setting. 

Conclusion 

This prospective clinical cohort study indicated that in women with GDM, well-being increased 

by 11.8% between their first GDM visit after GDM diagnosis and the end of pregnancy. The well-being 

score was inversely related to the depression score and cut-off ≥ 11 and explained around 25% of their 

variability. This shows positive emotional health should be considered in relation to metabolic health 

in women with GDM. Furthermore, clinically relevant symptoms of depression (cut-off of ≥ 11) were 

associated with subsequent weight gain, showing the importance of screening mental health in 

women with GDM, as it may impact not only weight as shown in this paper, but also other metabolic 

health factors. Thus, future research might aim at investigating how mental health impacts 

postpartum weight retention or pregnancy and postpartum metabolic factors. 
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Highlights  

• Gestational diabetes (GDM) is usually associated with mental health symptoms. 

• In our sample, mental health improves after GDM diagnosis; during and after pregnancy. 

• Mental health symptoms does not increase the need for medical therapy in GDM. 

• Medical therapy does not impact on mental health during and after pregnancy. 

Structured Abstract 

Aims 

Mental health symptoms are frequent in women with gestational diabetes mellitus (GDM) and may 

influence glycemic control. We therefore investigated if mental health symptoms (high depression 

and low well-being scores) predicted a need for glucose-lowering medication and if this use of 

medication influenced the trajectory of mental health during pregnancy and in the postpartum period. 

Methods 

We included 341 pregnant women from a cohort of GDM women in a Swiss University Hospital. The 

World Health Organization Well-being Index-Five was collected at the first and last GDM and at the 

postpartum clinical visits and the Edinburgh Postnatal Depression Scale at the first GDM and the 
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postpartum clinical visits. Medication intake was extracted from participants’ medical records. We 

conducted linear and logistic regressions with depression as an interaction factor. 

Results 

Mental health symptoms did not predict a need for medication (all p ≥ 0.29). Mental health improved 

over time (both p ≤ 0.001) and use of medication did not predict this change (all p ≥ 0.40). In women 

with symptoms of depression, medication was associated with less improvement in well-being at the 

postpartum clinical visit (p for interaction=0.013). 

Conclusions 

Mental health and glucose-lowering medication did not influence each other in an unfavourable way 

in this cohort of women with GDM. 

Key Words: Depression ; Insulin ; Metformin ; Postpartum; Pregnancy; Well-being 

1. Introduction 

Gestational diabetes mellitus (GDM) is defined as a glucose intolerance diagnosed in the second or 

third trimester of pregnancy that does not fulfil the criteria of overt diabetes (Cefalu et al., 2019). 

Lifestyle interventions focusing on diet and physical activity are usually recommended as the primary 

therapeutic strategy (Blumer et al., 2013, Gilbert et al., 2019, Cefalu et al., 2019, American Diabetes 

Association, 2020) for glucose control during pregnancy. When lifestyle interventions fail to achieve 

glycemic targets (Lehmann et al., 2009, Blumer et al., 2013, Metzger et al., 2007, American Diabetes 

Association, 2020), glucose-lowering medication is initiated. In accordance with the American 

Diabetes Association (ADA) guidelines, insulin is prescribed more frequently in Switzerland, as it does 

not cross the placenta (Cefalu et al., 2019, American Diabetes Association, 2020), although metformin 

can also be prescribed (Webber et al., 2015). According to a recent study and similarly to our practice, 

insulin is the most frequently used glucose-lowering medication during GDM pregnancy across 

countries (Cesta et al., 2019). 

Women with GDM are more likely to suffer from mental health symptoms. Indeed, women with GDM 

have higher rates of depression during pregnancy and in the postpartum period, compared to women 

without GDM (Alexandre et al., 2017, Bennett et al., 2004, Damé et al., 2017, Daniells et al., 

2003, Wilson et al., 2019). Mental health symptoms therefore represent an important factor to 

consider in women with GDM, as they may interfere with their capacity to adhere to lifestyle 

interventions (Molyneaux et al., 2018). Indeed, symptoms of depression may reduce an individual’s 
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coping abilities and may lead to disordered eating behaviors and lower dietary quality (Fowles et al., 

2011). Depression may also lead individuals to eat as a strategy to relieve themselves of negative 

symptoms (Christenson et al., 2016) and may decrease women’s motivation to conduct physical 

activity (Carter and Swardfager, 2016). Thus, mental health symptoms may impact both diet and 

physical activity and lead to higher glycaemia during pregnancy (Blumer et al., 2013, Ruchat and 

Mottola, 2013). Secondly, mental health symptoms may be directly related to worsened metabolic 

control in women with GDM. Overall, depression is associated with a higher risk of future GDM (Hinkle 

et al., 2016). Similarly, higher anxiety and depression scores, as well as stress perception, are 

associated with higher glycaemia during pregnancy (Horsch et al., 2016, Hinkle et al., 2016). However, 

even if mental health symptoms can have a direct impact on glycaemia and adherence to lifestyle 

interventions, it is not clear if it increases the need for glucose-lowering medication in women with 

GDM. In addition, we are not aware of any study investigating whether the presence of clinically 

relevant symptoms of depression might augment the need for glucose-lowering medication. This 

could have an important impact on the identification and care of these women. 

Conversely, there might also be an association between the need for glucose-lowering medication and 

subsequent mental health symptoms. Indeed, our clinical experience shows that many women are 

willing to adjust their lifestyle in order to avoid medication and particularly the burden of insulin 

injections. In addition, the need for glucose-lowering medication could lead to a feeling of failure. To 

our knowledge, only one study showed that insulin use was not a predictor for postpartum depression 

in women with GDM (Nicklas et al., 2013). Thus, the potential impact of glucose-lowering medication 

on the mental health of women with GDM and in the postpartum period remains understudied. It is 

important to study this question, as mental health symptoms have been shown to be higher in the 

postpartum period in women with GDM (Wilson et al., 2019) and may have important adverse effects 

on the health of the mother (Christenson et al., 2016, Herring et al., 2008) and the infant (Grace et al., 

2003, Cooper and Murray, 1998, Cato et al., 2019). To study these questions, we chose both symptoms 

of depression (Hinkle et al., 2016, Blumer et al., 2013, Ruchat and Mottola, 2013) and well-being 

(Robertson et al., 2012, Hochberg et al., 2012) as markers of mental health, as they had either shown 

their impact on glycemic control or were studied in patients with diabetes. 

This study was therefore conducted to 1) investigate if mental health symptoms, described here as 

high symptoms of depression and low well-being scores, in women with GDM, predict a need for 

glucose-lowering medication during pregnancy and 2) describe the overall trajectory of mental health 

in these women and investigate if the need for glucose-lowering medication independently predicts 
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mental health symptoms during and after pregnancy. We also studied if clinically relevant symptoms 

of depression would influence these associations, i.e., if they are different in the presence of 

symptoms of depression. 

2. Materials and Methods 

2.1 Setting and patient population 

This prospective clinical cohort study included pregnant women diagnosed with GDM according to the 

International Association of the Diabetes and Pregnancy Study Groups (IADPSG) and ADA guidelines 

(American Diabetes, Association, 2019, Blumer et al., 2013, Metzger et al., 2010). These women were 

taken care of in the Diabetes and Pregnancy Unit at the Lausanne University Hospital (Switzerland) 

between 2016 and 2019. The Human Research Ethics Committee of the Canton de Vaud, Switzerland 

approved the study protocol (326/15). 

2.2 Inclusion and exclusion criteria 

This study is part of an ongoing prospective clinical cohort of women with GDM, for which participating 
women provided signed consent for data usage. Out of the 959 participating women, we selected 
those who corresponded to our eligibility criteria (n = 875) (please see Fig. 1), who presented after 
January 2016 (when we started systematically distributing mental health questionnaires) (n = 800), 
and were present during predefined time points that are essential (first and last GDM visit) in order to 
have baseline mental health assessed and valid information regarding glucose-lowering medication 
(the two main aims of the study). Thus, 341 women with GDM were included in the current analysis. 
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Figure 1:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flow chart describing how the study participants were selected. 

*Systematic distribution of mental health questionnaires started on 01.01.2016 and women that were 

followed before this time point were excluded. First and last GDM clinical visit were the predefined 

essential time points providing indispensable information regarding the two main aims: baseline 

mental health and valid information regarding glucose-lowering medication. Women that were absent 

at either one of these time points were therefore also excluded. 

2.3 GDM management/clinical care 

At the first clinical visit after the confirmation of GDM diagnosis, women receive information on GDM 

from a nurse or medical doctor specialized in GDM and are taught to perform capillary blood glucose 

(CBG) measures. Women are then asked to monitor their CBG 4 times per day (fasting blood glucose 
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(FBG) in the morning and 2-hour (or 1-hour) postprandial blood glucose after each meal) (Arditi et al., 

2017, American Diabetes Association, 2020). A week later, women are seen by a dietician and receive 

recommendations regarding their CBG, eating habits and weight gain (Blumer et al., 2013) and are 

encouraged to increase their physical activity (Colberg et al., 2013). If despite lifestyle changes (diet 

and physical activity) glucose values remain above targets two or more times during a 1–2-week 

period, glucose-lowering medication is introduced (Lehmann et al., 2009, Metzger et al., 2007). 

Glucose-lowering medication type depends on glucose values (i.e., insulin in case of relatively high 

values), patient characteristics (i.e., Body Mass Index (BMI)) and patient preference, but in the vast 

majority of cases insulin is the preferred treatment over metformin. Short-acting insulin analogues are 

introduced and adapted to achieve a 2-hour postprandial glucose value ≤7 mmol/l (alternatively 1-

hour postprandial glucose ≤8 mmol/l), and long-acting insulin analogues to achieve FBG ≤5.3 mmol/l 

(American Diabetes Association, 2020, American Diabetes, Association, 2019, Carroll and Kelley, 

2014). Women are then followed until delivery and an oral glucose tolerance test (oGTT) is performed 

between 6 and 8 weeks postpartum (American Diabetes Association, 2020). 

2.4 Measures 

2.4.1 Maternal symptoms of depression 

The Edinburgh Postnatal Depression Scale (EPDS): The EPDS was used in the current study to measure 

symptoms of depression. The questionnaire has been validated in pregnant women (Bunevicius et al., 

2009), as well as in a French population, and good psychometric properties have been reported 

(Guedeney and Fermanian, 1998). Symptoms of depression in the preceding 7 days were assessed 

(Cox, Holden, and Sagovsky, 1987) at the women’s first GDM clinical visit and at the 6–8 weeks 

postpartum clinical visit. We distributed this self-report questionnaire in French and in English. For 

women who did not understand these languages, we ensured that a certified professional translator 

helped them complete it. Each item of this questionnaire is scored on a 4-point scale, the minimum 

and maximum total scores being 0 and 30, respectively. For our interaction analysis, we additionally 

created a dichotomous variable using a cut-off of ≥ 11 to separate women with and without clinically 

relevant depression scores (Bunevicius et al., 2009). For this cut-off, the terminology “clinically 

relevant symptoms of depression” was chosen, given that clinical interviewing represents the gold 

standard to diagnose depression (Watson et al., 2009). 

2.4.2 Maternal well-being index 
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The World Health Organisation Well-Being Index-Five (WHO-5): The WHO-5 was used to measure well-

being in our sample, as this questionnaire has shown adequate validity as an outcome measure in 

clinical studies (Henkel et al., 2003, Topp et al., 2015). It has been used extensively in endocrinology, 

and the French version has shown good psychometric properties (Topp et al., 2015, Hochberg et al., 

2012). This 5-item self-report questionnaire assessed the subjective well-being of the participants 

(Topp et al., 2015) at the first and last GDM clinical visit and at the 6–8 weeks postpartum clinical visit. 

In accordance with the ethnical diversity of our patients, we used validated versions of the 

questionnaire in several languages. The items are measured on a 5-point Likert scale ranging from 0 

‘at no time’ to 5 ‘all of the time’. The final score is then calculated by multiplying the total score by 4; 

thus, the final score ranges from 0 to 100. 

2.4.3 Glucose-lowering medication 

Information regarding glucose-lowering medication intake was retrieved from the medical records at 

the last GDM clinical visit. With this information, two types of variables were generated. First, a 

dichotomous (yes, no) variable named “glucose-lowering medication” was created to know if women 

did or did not take glucose-lowering medication during their pregnancy. For additional and more 

detailed analysis, a second variable was comprised of four categories: no glucose-lowering medication 

intake (1), metformin only (2), long-acting (basal) bedtime insulin ( ± metformin) (3), and short-acting 

(meal) insulin ( ± long-acting bedtime insulin and/or metformin) (4). These categories of glucose-

lowering medication were formed based on degrees of burden to the participants: the injections with 

short-acting insulins were considered being most burdensome (as women have to carry syringes with 

them wherever they go and inject before the meals, often outside of their home), and no glucose-

lowering medication, was considered as putting a lower strain on women and metformin was in 

between. Indeed, previous research has shown that metformin is better accepted in women with GDM 

and that insulin is more burdensome (Rowan et al., 2008). This variable is named “detailed glucose-

lowering medication” and the reference category was 1 =no glucose-lowering medication intake. 

2.4.4 Sociodemographic, medical and anthropometric variables  

At the first GDM clinical visit, maternal age, weeks of gestation, educational level, social support, prior 

GDM diagnosis, and family history of diabetes information were collected during the clinical 

consultation or extracted from medical records. Furthermore, glycated haemoglobin (HbA1c) was 

measured using a chemical photometric method (conjugation with boronate; Afinion®) (Clinical 

Chemistry and Clinical Toxicology Devices Panel, FDA Public Advisory Meeting Alere Afinion™ HbA1c 
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Dx. https://www.fda.gov/media/99241/download.Clinical Chemistry and Clinical Toxicology Devices 

Panel, 2016Panel, Clinical Chemistry and Clinical Toxicology Devices , 2016. FDA Public Advisory 

Meeting Alere Afinion™ HbA1c Dx, 2016. https://www.fda.gov/media/99241/download., Wood et al., 

2012) and Body Mass Index (BMI) at first GDM clinical visit was calculated based on measured height 

and weight using the formula weight (kg)/[height(m)]2. 

2.5 Data analysis 

All analyses were carried out with SPSS (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, 

Version 25.0. Armonk, NY: IBM Corp.). Descriptive statistics were conducted for socio-demographic 

variables (Table 1). Continuous and normally distributed variables were described as means and 

standard deviations and ordinal outcomes were described as frequencies and percentages. Statistical 

significance was set at p < 0.05. 

Table 1. Descriptive maternal sociodemographic and medical parameters. 

 All With glucose-
lowering 

medication 

Without glucose-
lowering 

medication 

 Mean (SD) or n 
(%)  

Mean (SD) or n (%) Mean (SD) or n 
(%) 

Maternal sociodemographic variables 

Age (years) 33.62 (5.34) 33.39 (5.27) 33.84 (5.41) 

Educational level    

   No education 3 (0.9%) 1 (0.6%) 2 (1.1%) 

   Compulsory education not 
completed 

17 (5%) 8 (4.9%) 9 (5.1%) 

   Compulsory education completed 60 (17.6%) 33 (20.3%) 27 (15.2%) 

   Secondary school 38 (11.1%) 18 (11%) 20 (11.2%) 

   Apprenticeship 55 (16.1%) 29 (17.8%) 26 (14.6%) 

   University degree 113 (33.1%) 46 (28.2%) 67 (37.6%) 

Social support    

   Lives: alone without support, alone 
with support, with partner 

13 (3.8%), 14 
(4.1%), 292 

(85.6%) 

9 (5.5%), 2 (1.2%), 
138 (84.7%) 

4 (2.2%), 12 
(6.7%), 154 

(86.5)* 
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Obstetric variables    

Gestational age at first GDM clinical 
visit 

28.85 (3.38) 28.13 (3.85) 29.51 (2.74) * 

Gestational age at last GDM clinical 
visit 

36.44 (1.28) 36.34 (1.31) 36.53 (1.25) 

GDM variables    

HbA1c at first GDM clinical visit  % - 
(mmol/mol) 

5.4 (0.43) – 
(35 (4.32)) 

5.5 (0.51) – (37 
(5.09)) 

5.3 (0.31) (34 
(3.11))* 

Family history of diabetes: None, First 
and Second degree relative 

126 (37%), 122 
(35.8%), 71 

(20.8%) 

56 (34.4%), 63 
(38.7%), 33 (20.2%) 

70 (39.2%), 59 
(33.1%), 38 

(21.3%) 

Mental health variables    

Depression score at first GDM clinical 
visit 

7.43 (5.46) 7.49 (5.75) 7.38 (5.20) 

Women with clinically relevant 
symptoms of depression (cut-off of ≥ 
11) at first GDM clinical visit 

77 (25.2%) 42 (28.8%) 35 (22%) 

Detailed glucose-lowering medication for the overall sample 

 n (%)  

No glucose-lowering medication intake (1) 178 (52.2%)  

Metformin only (2) 15 (4.4%)  

Long-acting (basal) bedtime insulin (±metformin) (3) 64 (18.8%)  

Short-acting (meal) insulin (± long-acting bedtime 
insulin and/or metformin) (4) 

84 (24.6%)  

Continuous and normally distributed variables were described as means and standard deviations and 
ordinal outcomes were described as frequencies and percentages. *Indicates a significant difference 
(p<0.05) between the subgroups with and without glucose-lowering medication, respectively. 

BMI: body mass index. 

Regarding the first objective, investigating the prospective association between mental health 

symptoms and the subsequent need for glucose-lowering medication, we conducted logistic 

regression analyses with the dichotomous glucose-lowering medication variable as the dependent 

variable. To see if this relationship was different in women with higher depression scores, we added 

the “clinically relevant symptoms of depression” interaction term (dichotomous variable created from 

the EPDS scale) for the association between well-being and the glucose-lowering medication 
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dichotomous variable. This was possible, as the correlation between the predictor (well-being scores) 

and the interaction term (clinically relevant symptoms of depression) was only small to moderate 

(correlation coefficient r = −0.47). This interaction term could not be added when the depression 

scores were the predictor, as the correlation was too high between this predictor and the interaction 

term (clinically relevant symptoms of depression; correlation coefficient r = 0.81) and both of these 

measures; depression scores and clinically relevant symptoms of depression are derived from the 

same questionnaire. Given that none of the interactions were significant in our first objective, we did 

not conduct further stratification analyses. 

Regarding the second objective, we first evaluated the trajectory of the depression and well-being 

scores over time during and after pregnancy in women with GDM using a linear mixed effects model. 

Indeed, it seemed important to first gain knowledge about the general trajectory of mental health in 

women with GDM in pregnancy and in the postpartum period. Then, we assessed the prospective 

association between the use of glucose-lowering medication and subsequent mental health at the end 

of pregnancy (well-being scores) and in the postpartum period (well-being and depression scores). We 

performed linear regressions with occurrence of glucose-lowering medication as a binary predictor 

(yes, no), and also with the detailed glucose-lowering medication as a categorical predictor. Finally, to 

see if the impact of glucose-lowering medication (yes, no) on mental health was different if clinically 

relevant symptoms of depression were present, we added the “clinically relevant symptoms of 

depression” interaction term. If any of the interactions were significant, we conducted further 

stratification analyses, separating women with clinically relevant symptoms of depression from those 

without. This was only the case for the association between the dichotomous glucose-lowering 

medication variable during pregnancy and well-being at the postpartum clinical visit. 

For all regressions, we used two models (model 1 & 2). In model 1, we adjusted for maternal age and 

gestational weeks at the first GDM clinical visit (Crowther et al., 2005, Ruohomäki et al., 2018). In 

model 2, we added variables that were significantly correlated with the respective dependent variable. 

We tested the following potential confounder variables: family history of diabetes, prior GDM 

diagnosis, BMI and HbA1c at the first GDM clinical visit, social support, and educational level. For the 

first objective, family history of diabetes, social support, educational level, and HbA1c were added as 

confounders in model 2. For the second objective, only family history of diabetes was added as a 

confounder in model 2 when the dependent variable was well-being. There was no model 2 when the 

dependent variable was depression, as none of the additional confounders were correlated with this 

score. In an additional step, we also adjusted for baseline mental health variables at the first GDM 
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clinical visit in order to investigate if the associations changed. Given that this did not change the 

results (data not shown), we used the simpler model (model 2). In analogy, we also tested completely 

unadjusted models. However, as is common practice, we adjusted for age and gestational age in our 

basic model 1. 

3. Results 

Table 1 shows detailed descriptive information regarding sociodemographic and medical parameters. 

Women had a mean age of 33.62 ± 5.34 years and a mean gestational age of 28.85 ± 3.38 weeks at the 

first GDM clinical visit and a mean gestational age of 36.44 ± 1.28 at the last GDM clinical visit. 25.2% 

of women suffered from clinically relevant symptoms of depression and 47.8% of women took 

glucose-lowering medication during their GDM pregnancy. In our sample, 120 (35.2%) women were 

pregnant for the first time and 167 (49%) had no previous babies. Out of 174 (51%) women who were 

multiparas, 9.2% (n = 16) had previous GDM. 

3.1 Prospective associations between mental health and the subsequent need for glucose-
lowering medication during pregnancy 

Women’s mental health at the first GDM clinical visit did not predict a subsequent need for glucose 

lowering medication during pregnancy, neither for the depression (OR=1.0 (CI=0.96 – 1.04; p = 0.94) 

nor for the well-being scores (OR=0.99 (CI=0.98–1.01; p = 0.29). These results remained similar in 

model 2 (OR=0.99 (CI=0.93 – 1.04; p = 0.62) and (OR=0.99 (CI=0.98 – 1.01; p = 0.30)). 

The association between the well-being score and the subsequent need for glucose-lowering 

medication was not significantly different between women with or without clinically relevant 

symptoms of depression at the first GDM clinical visit (p for interaction = 0.80). 

3.2 Prospective associations between the need for glucose-lowering medication and subsequent 

mental health during and after pregnancy  

Mental health improved significantly over time in the whole sample (see Fig. 2a & 2b). Thus, the 

depression scores decreased by 26% between the first GDM clinical visit and the postpartum clinical 

visit (B=−1.74, CI= −2.22 to −1.26, p < 0.01). Specifically, mean scores changed from a 7.43 ± 5.46 at 

the first GDM clinical visit to 5.90 ± 4.40 at the postpartum clinical visit. The well-being scores 

increased overall by 7% between the first GDM clinical visit and the postpartum clinical visit (B=2.49, 

CI= 1.34 – 3.64, p < 0.01). More specifically, the mean well-being scores changed from 60.55 ± 20.368 

at the first GDM clinical visit to 67.59 ± 17.96 at the last GDM clinical visit, and to 65.43 ± 18.79 at the 

postpartum clinical visit. 
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Figure 2:  

  

2a       2b  

Overall effect of time showing significant decreases in mean depression (Fig. 2a; Edinburgh Postnatal 

Depression Scale (EPDS)) and well-being (Fig. 2b; World Health Organization Well-being Index-Five; 

(WHO-5)) scores in the overall sample (B=−1.74, CI= −2.22 to –1.26, p < 0.01 and B=2.49, CI= 1.34 – 

3.64, p < 0.01). For illustrative purposes, women with and without glucose-lowering medication are 

separated. Of all interaction effects tested, the only significant finding relates to the presence or not 

of clinically relevant symptoms of depression (named "depression" in the figures) at the first GDM visit 

on the association between glucose-lowering medication in pregnancy and well-being at the 

postpartum visit (p for interaction = 0.01 and shown as a star on Fig. 2b). Values are shown as means 

and standard errors. 

 

The need for glucose-lowering medication during pregnancy had no impact on subsequent mental 

health during and after pregnancy. This was the case for the depression scores at the postpartum 

clinical visit (B=0.29 (CI=−0.76 to 1.34; p = 0.59)), the well-being scores at the end of pregnancy (B=2.01 

(CI=−6.72 to 2.69; p = 0.40) in model 1, B= 2.26 (CI=−6.84 to 2.32; p = 0.33) in model 2) and the well-

being scores at the postpartum clinical visit (B=−0.15 (CI=−4.59 to 4.30; p = 0.95) in model 1, B= 0.25 

(CI=−4.18 to 4.69; p = 0.91) in model 2). These results remained unchanged when controlled for 

baseline mental health at the first GDM clinical visit (data not shown). 

When looking at the detailed glucose-lowering medication, we found very similar results (see Table 

2), with the exception of metformin, used in 13 women, that was associated with improved well-being 

in the postpartum period compared to no glucose-lowering medication (p = 0.03, see Table 2). 
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Table 2. Prospective associations between detailed glucose-lowering medication during pregnancy 
and subsequent mental health. 

 

 Model 1 Model 2 

 Well-being scores at the last GDM clinical visit 

Metformin vs none B= -0.62 (CI= -11.66 – 10.43) B= -0.99 (CI= -11.63 – 9.65) 

Long-acting Insulin vs none B= -2.95 (CI= -8.86 – 2.96) B= -1.99 (CI= -7.79 – 3.82) 

Short-acting Insulin vs none B= -0.54 (CI= -6.22 – 5.13) B= -0.24 (CI= -5.84 – 5.36) 

 Well-being scores at the postpartum clinical visit 

Metformin vs none B= 11.65 (CI= 1.06 – 22.24)* B= 11.42 (CI= 0.92 – 21.92)* 

Long-acting Insulin vs none B= -1.97 (CI= -7.60 – 3.67) B= -1.41 (CI= -7.16 – 4.34) 

Short-acting Insulin vs none B= 1.26 (CI= -4.04 – 6.55) B= 1.57 (CI= -3.81 – 6.95) 

 Depression scores at the postpartum clinical visit 

Metformin vs none B= -0.15 (CI= -2.64 – 2.34) - 

Long-acting Insulin vs none B= 1.00 (CI= -0.34 – 2.31) - 

Short-acting Insulin vs none B= 0.46 (CI= -1.72 – 0.80) - 

 

Results reported as β-Coefficient (95% confidence interval) from a general linear model. 

The following three categories are compared to “no glucose-lowering medication” (termed “none”) 
being used as a reference category (1), metformin only (2), long-acting (basal) bedtime insulin 
( ± metformin) (3), and short-acting (meal) insulin ( ± long-acting bedtime insulin and/or metformin) 
(4). 

Model 1 adjusted for maternal age and gestational age at the first GDM clinical visit. 

Model 2 adjusted for maternal age, gestational age, family history of diabetes and well-being at the 
first GDM clinical visit, except for the analyses with the depression score at the postpartum clinical 
visit for which no additional confounders were added, as no additional confounders were significantly 
correlated to this dependent variable. 

* p <0.05 

 

Regarding the interaction effect of clinically relevant symptoms of depression on the association 

between glucose-lowering medication and mental health, we found no interaction effect on the 

depression score at the postpartum clinical visit (p = 0.93), nor on the well-being score at the end of 

pregnancy (p = 0.49). However, in women with clinically relevant symptoms of depression, glucose-
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lowering medication in pregnancy was associated with a lower improvement in the well-being score 

at the postpartum clinical visit compared to women without clinically relevant symptoms of 

depression (p for interaction = 0.01, Fig. 2b). Further stratification analysis revealed that, in women 

with clinically relevant symptoms of depression, glucose-lowering medication led to a non-significant 

decrease in well-being of −8.82 points (p = 0.063), whereas in women without symptoms of 

depression, glucose-lowering medication lead to a non-significant increase in the well-being scores of 

4.02 points (p = 0.12). 

4. Discussion 

This study investigated a clinical cohort of women with GDM and demonstrated that mental health 

symptoms at the first GDM clinical visit did not predict a later need for glucose-lowering medication. 

Furthermore, mental health improved throughout pregnancy and in the early postpartum period. 

Importantly, the need for glucose-lowering medication was not associated with future mental health 

symptoms during and after pregnancy. Clinically relevant symptoms of depression at the first GDM 

clinical visit did not interact with these investigated associations, except for the well-being scores at 

the postpartum clinical visit, which improved less in women with clinically relevant symptoms of 

depression. 

To the best of our knowledge, this is the first study to report that there is no association between 

mental health symptoms and the subsequent need for glucose-lowering medication in women with 

GDM. Previous research shows that mental health symptoms are associated with both a lower 

adherence to lifestyle interventions and thus can lead to higher glycaemia (Molyneaux et al., 

2018, Carter and Swardfager, 2016, Ruchat and Mottola, 2013), and, that mental health symptoms 

are also directly associated with a higher glycaemia in pregnancy (Hinkle et al., 2016, Horsch et al., 

2016). Both, low adherence to lifestyle interventions and higher glycaemia would be expected to lead 

to a more frequent need for glucose-lowering medication. Surprisingly, this was not the case in our 

population, nor was this influenced by the presence of clinically relevant symptoms of depression. 

These symptoms were present in 25.2% of our cohort and the mean score was 7.43 at the first GDM 

clinical visit, which is comparable to other studies in women with GDM and, for some, in normal 

pregnancies (Damé et al., 2017, Varela et al., 2017, Mak et al., 2019, Wilson et al., 2019). In our 

sample, the symptoms of depression declined by 26% to a mean score of 5.9 at the postpartum clinical 

visit. This score is similar to a previous sample of GDM women in the postpartum period (Nicklas et 

al., 2013). In the current sample, the well-being scores also augmented by 7% between the first GDM 

clinical visit and the postpartum clinical visit, and attained similar scores as previously reported in 
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healthy pregnancies and in the postpartum period (Mortazavi et al., 2015). The scores at the last GDM 

clinical visit cannot be compared to previous research as we are not aware of such studies. The fact 

that well-being at the first GDM clinical visit and the postpartum clinical visit in our sample is not lower 

than that of normal pregnancies is reassuring, given that women with GDM usually have higher 

depression scores than the general population (Bennett et al., 2004, Damé et al., 2017), and that 

depression is known to be negatively associated with well-being in pregnancy (Wersebe et al., 2018). 

We believe that the improvements found in mental health over time could be due to the social support 

the patients receive from clinicians (Barger et al., 2014). Indeed, women are seen a for a few clinical 

appointments during their pregnancy and receive tailored advice and attention from our team of 

specialized clinicians. This could also have improved well-being and lowered depression in our 

population, despite the need for frequent glucose monitoring and lifestyle adjustments. 

The improvements found in mental health were not influenced by glucose-lowering medication 

intake, as glucose-lowering medication did not predict the future well-being or depression scores 

during or after pregnancy. This result is comparable to one previous study in women with GDM 

showing that use of insulin during pregnancy was not associated with symptoms of depression in the 

postpartum period (Nicklas et al., 2013), while overall well-being or mental health during pregnancy 

has not been previously investigated. These findings may reassure clinicians when they need to initiate 

glucose-lowering medication with patients, as mental health does not seem to be affected by 

medication intake, at least in our population. This could possibly mean that women do not view 

glucose-lowering medication as a failure of their lifestyle behavior change, but rather as another 

acceptable solution to lower their glucose. Also, glucose-lowering medication may bring them some 

relief if lifestyle adaptations alone did not yield the desired effect (Rowan et al., 2008). Another novel, 

yet, secondary finding was that the use of metformin was associated with improved well-being in the 

postpartum period. Although, this result is in line with previous research showing that metformin is 

the preferred type of medication in women with GDM (Rowan et al., 2008), this result should be 

interpreted with caution and needs to be replicated in future research, as this concerned only a very 

small number of women (n = 13, 3.8%). 

The presence of clinically relevant symptoms of depression did not interact with our findings except 

with the association between glucose-lowering medication during pregnancy and the well-being 

scores in the postpartum period. Indeed, the results demonstrated that in women with both clinically 

relevant symptoms of depression and glucose-lowering medication, there was a lower improvement 

in the postpartum well-being scores compared to women with no clinically relevant symptoms of 
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depression. In these women, the combination of glucose-lowering medication, higher depression 

scores and having to care for a newborn might cumulate and contribute to the lower increase and 

lower absolute well-being scores. Hajos et al. showed that a score of 50 on the WHO-5, which is close 

to the mean score of 54 in our subgroup of women, can be interpreted as suboptimal well-being and 

warrants further testing for depression (Hajos et al., 2013). This is especially important, as depression 

in the postpartum period can have adverse impacts on the mother’s cardio-metabolic health 

(Christenson et al., 2016, Herring et al., 2008, Carter and Swardfager, 2016). Depression in the 

postpartum may also lead to negative consequences for the infant, such as lower duration of 

breastfeeding (Cato et al., 2019) and to relationship difficulties between the mother and her infant, 

which have shown to be prospectively associated with a suboptimal development of cognitive (for 

example language development) and emotional functioning of the infant (Grace et al., 2003, Cooper 

and Murray, 1998). Thus, these women should be identified and may need psychological 

interventions. 

4.1 Strengths and limitations 

This study has several strengths. First, we included a “real-life”, multiethnic and diverse population in 

which patients completed the questionnaires either in their native language or with the help of a 

certified professional translator. Second, we included influential confounding variables; in our basic 

model we controlled for variables of interest in the GDM population (Crowther et al., 

2005, Ruohomäki et al., 2018), and in our second model, we added confounding variables that 

correlated significantly to our dependent variables. Finally, we also made sure that the well-being and 

depression scores at the first GDM clinical visit did not alter the results by controlling for these results 

with a third model (data not shown). 

Limitations of the study include the lack of information about the women’s physical activity and diet 

behaviors, which could have been important confounders for the intake of glucose-lowering 

medication. Furthermore, we do not have information about mental health variables before the first 

GDM clinical visit or mental health measurements other than depression or well-being scores after 

their GDM diagnosis (such as anxiety symptoms), which could be seen as a limitation. The data about 

metformin needs to be interpreted with caution, as this only concerns 13 (3.8%) of women and the 

choice to treat with metformin might be biased. As no exclusion criteria were applied for the timings 

of the clinical visits, this could have had an influence on the women’s mental health variables. Women 

came for their first GDM clinical visit at a mean of 28.85 (3.38) weeks of gestation. Allover, 8 (2.4%) 

women came before 20 or 24 weeks of gestation, as no women came between 20 and 24 weeks of 
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gestation and 29 (8.7%) came later than 32 weeks of gestation for their first GDM clinical visit. The last 

GDM clinical visit took place at a mean of 36.44 (1.28) weeks; all of the women came between 32 and 

40 weeks of gestation and of those, 55 (23.7%) came before 36 weeks of gestation. We therefore 

performed the main analyses in a limited sample of 157 women who came between 24 and 32 weeks 

of gestation at the first GDM clinical visit and who were at 36 weeks of gestation or more at the last 

GDM clinical visit and the results did not significantly change. 

5. Conclusion 

This prospective clinical cohort study found that mental health symptoms did not lead to a higher 

subsequent need for glucose-lowering medication in women with GDM. This finding is reassuring, as 

it means that even if mental health symptoms can impact both on lifestyle behavior and on glycaemia, 

it does not necessarily implicate a higher need for glucose-lowering medication. Secondly, glucose-

lowering medication did not worsen the trajectory of mental health symptoms in this GDM 

population. This is reassuring for clinicians, as it demonstrates that glucose-lowering medication can 

be prescribed without the risk of worsening mental health symptoms (symptoms of depression and 

lower well-being in particular). Even if mental health symptoms did not affect the need for glucose-

lowering medication in our pregnant population, it may influence lifestyle behavior and/or glucose 

values in the postpartum period and thus increase the risk of later prediabetes or diabetes. Similarly, 

further research should investigate, if the diagnosis of prediabetes and/or diabetes would worsen 

mental health symptoms in the following months and years and define the trajectory for such a change 

in order to intervene early. Further studies should also aim at investigating the relationship between 

use of medication and other mental health symptoms, such as anxiety in the GDM population. 
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8.5 Trainings 

8.5.1 Research 

1. Good Clinical Practice (GCP) : March 2019 – In-service training by Clinical epidemiology center 

IUMSP (CHUV), Clinical Research Center FBM (CHUV) and “Centre des formations” (CHUV) 

 

8.5.2 Clinical 

2. Motivational Interviewing: December 2015 – In-service training by the swiss society of general 

medicine - Société Suisse de Médecine Générale (SSMG) 

3. Mindful Eating : February 2016 – In-service training by https://www.londonmindful.com 

4. Cognitive-Behavioural Therapy : November 2017 – In-service training by the federal office of 

public health - l’office fédéral de la santé publique (OFSP) 

5. Promotion of physical activity in children: Mai 2016 – In-service training by “ça marche ! 

Bouger plus, manger mieux” and the medical and chirurgical department of pediatrics - 

département médical de chirurgie et de pédiatrie DMCP (CHUV) 

6. Individual and multidisciplinary therapy of childhood obesity: Mai 2016 – In-service training 

by Swiss society of pediatrics - société Suisse de pédiatrie (SSP) and Swiss Association of 

Graduate Dieticians – association Suisse des diététicien(ne)s diplômé(e)s (ASDD) 

7. Interactive guidance: a brief parent-child therapy to support family resources: October 2016 

– In service training by the child and adolescent psychiatric service - service de psychiatrie de 

l’enfant et de l’adolescent (SPEA) 
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8.6 Scientific Outreach Activities 

8.6.1 Reviewing activities 

Table 7. Reviewing activities. 

Journal Reference Date 
Journal of the American College of Nutrition UACN-2020-0387 September 

2020 
Diabetes Research and Clinical Practice  DIAB_2019_370  

 
June 2019 

BMC Pregnancy and Childbirth (under supervision by Prof. 
Jardena Puder) 

PRCH-D-18-00936 September 
2018 

 

8.6.2 Teaching activities 

Table 8. Teaching activities 

Course title Students Infrastructure Place Date 
Motivational Interviewing in 
the context of a pregnancy 
complicated by gestational 
diabetes  

Trained 
specialized 
practitioner 
nurses (IPS) 

The Institute of 
Higher Education 
and Research in 
Healthcare (IUFRS), 

Virtual 05.05.20 

Motivational Interviewing in 
the context of a pregnancy 
complicated by gestational 
diabetes  

Trained 
specialized 
practitioner 
nurses (IPS) 

The Institute of 
Higher Education 
and Research in 
Healthcare (IUFRS) 

Lausanne, 
Switzerland 

03.05.19 

Mental and metabolic health 
in the prepartum and 
postoartum period, what is 
psychology’s role?  

Master of 
Advances Studies 
(MAS) in Health 
Psychology 

IDEAHP (Institut de 
hautes études en 
administration 
publique), 

University 
of 
Lausanne 
(UniL) 

12.04.19 

Nutrition, Pregestational 
and gestational diabetes. A 
non-medical and 
multidisciplinary approach. 

Professional 
dieticians 

University of 
applied sciences 
and arts of Western 
Switzerland (HES-
SO) 

CHUV, 
Lausanne 

28.11.17 

 

8.6.3 Co-supervision of student interns 

Table 9. Co-supervision of the student interns for the testing, organization and coaching of patients 
in the MySweetHeart trial  together with Professor Horsch and Professor Puder. 

Names Studies 
Giada Ostinelli & Agnès Bacso  Postmaster students 
Chloé Beutler, Julia Primavesi & Giada Maspoli MSc Sports Sciences at the 

University of Lausanne 
Michelle Grossglauser, Svenia Queiros & Arnaud Guélat MSc Psychology at the 

University of Fribourg, 
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Marie-Josée Meuwly, Seyda Demircan, Lucia Volpato, Cécile 
Bétrix, Victoria Gendre, Axelle Bourgeois, Marie Couvreu, Nina 
Canova, Aude Guex-Crosier, Nivitha Sivaneshan & Laurie Schwab 

MSc Psychology at the 
University of Lausanne. 

 

8.6.4 Media presence 

Swiss National Television & Youtube  https://www.youtube.com/watch?v=1l8n21HxDhU 

https://www.youtube.com/watch?v=9ATaN3y9U2A 

Swiss National Radio “Couleur3” https://www.rts.ch/play/radio/pony-express/audio/pony-

express?id=9419810 (2h41). 

Swiss Regional Press   https://www.lacote.ch/articles/regions/district-de-nyon/ma-

these-en-180-secondes-leah-gilbert-concurrente-de-nyon-762731 

  


