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PREAMBLE 
 

This doctoral thesis was conducted in the Doctoral Programme Biology, 

Health and Environment and the Doctoral Programme Clinical Medicine and 

Public Health, within the framework of the cotutelle between the University 

Hassan 1th and the University of Granada.  

The initial research project, "Exposure to Persistent Organic Pollutants 

(POPs) in Moroccan pregnant women and neonatal health" established in 

collaboration between the two universities aims to: 1) describe the level of 

exposure to POPs in Settat area, 2) analyse the factors associated with a high level 

of exposure, 3) assess the association between the levels of POPs in women of 

childbearing age and anthropometric measurements of the new-born. 

Unfortunately, this project was suspended due to the prolongation of the COVID-

19 pandemic and the restriction of access to hospital units. As a consequence, the 

thesis had to be modified and a second project titled “Gestational Diabetes 

Mellitus: From classic to new risk factors. The role of physical activity behaviour 

and Persistent Organics Pollutants” was initiated. 

This new proposal maintains the interest in maternal and child health with 

a focus on Gestational Diabetes Mellitus (GDM). The project consists of three 

axes. The first two axes analyse the role of physical activity in reducing the risk of 

GDM. And the third axe evaluate the role of new risk factors, such as the exposure 

to POPs. 
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Introduction. Gestational diabetes mellitus (GDM) is a public health problem 

due to being the most common metabolic disorder during pregnancy and being 

associated with a number of long- and short-term health consequences for both 

mother and child. Although several epidemiological studies aimed to analyse and 

investigate associated factors to GDM, such as lifestyle, the results are not 

constantly consistent.  Furthermore, as a multifactorial disease, other determinants 

like environmental pollution, and in particular exposure to endocrine disruptors 

such as persistent organic pollutants (POPs), may also increase prevalence of 

GDM. 

Objectives. The research carried out in this thesis aims to:  

1) Evaluate the effects of dietary and/or physical activity interventions 

during pregnancy to prevent GDM. 

2) Estimate the effect of replacing 1 hour per week of watching TV with 1 

hour per week of light to moderate or vigorous physical activity before 

and during pregnancy on the risk of GDM. 

3) Estimate the strength of the association between the exposure to POPs 

and GDM. 

Methods. Different types of epidemiological studies were conducted to answer 

these questions. 1) An umbrella review including systematic reviews of 

randomised clinical trials that analyse the effects of physical activity and dietary 

interventions before and during pregnancy. 2) The isotemporal substitution model 

was used to calculate the effect of replacing 1 hour/week of watching TV with the 

same duration of physical activity on a case-control study involving 290 women 

with GDM (cases) and 1175 healthy women (controls). And 3) A systematic review 

with meta-analysis of observational studies that analyse the association between 

the exposure to POPs measured early in the pregnancy and the risk of GDM. 

Results. Physical activity and dietary interventions may reduce the risk of 

developing GDM when provided separately. However, combined intervention 



 

involving both physical activity and diet do not seem to significantly reduce the 

risk of GDM.  

On the other hand, the pregnant women in our case-control study have a high 

level of sedentary behaviour. The incidence of GDM was higher in women who 

spend more time watching TV and did less physically active during pregnancy.  

Finding obtained using the isotemporal substitution model showed that pregnant 

women would reduce the risk of GDM to 34% simply by replacing one hour per 

week of watching TV with one hour per week of pregnancy-appropriate vigorous 

physical activity. 

Regarding the association between the exposure to POPs and the risk of GDM, 

our results showed a small mean difference was observed for PFHpA 0.26 (95% 

CI 0.17 to 0.35, I2=0.0%), PCB180 0.37 (95% CI 0.19 to 0.56; I2=25.3%), BDE47 

0.23 (95% CI, 0.0 to 0.45, I2=0%), BDE99 0.36 (95% CI 0.14 to 0.59; I2=0%), 

BDE100 0.42 (95% CI 0.19 to 0.64; I2=0%) and (HCB) 0.22 (95% CI 0.01to 0.42, 

I2=39.6%). No considerable difference was observed for the rest of POPs. 

Conclusion. GDM is a multifactorial disease associated with several health 

determinants. Simple lifestyle changes, such as replacing one hour per week of 

watching TV with one hour per week of vigorous physical activity, would reduce 

the risk of GDM. Other factors, such as the exposure to some POPs, may increase 

the risk of GDM. However, evidence show mostly moderate quality and results 

were heterogeneous to establish a clear association for POPs. Improving the 

methodology is needed to assess POPs and GDM risk.   
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Introduction. Le diabète gestationnel (DG) est un problème de santé publique. 

C’est la maladie métabolique la plus fréquente pendant la grossesse. Le DG a été 

associer aux plusieurs complications de santé chez la mère et l'enfant, à court y 

long terme. Bien que de nombreuses études épidémiologiques s'intéressent à 

analyser les différents facteurs responsables d’augmenter l'incidence du DG, tels 

que le mode de vie, les résultats ne sont pas toujours cohérents.  En outre, comme 

il s'agit d'une maladie multifactorielle, d'autres déterminants de santé tels que la 

pollution environnementale et en particulier l'exposition à des perturbateurs 

endocriniens comme les polluants organiques persistants (POPs) peuvent 

également augmenter le risque de DG.  

Objectifs. A travers des travaux de recherche menés dans le cadre de cette thèse 

doctoral, nous visons à :  

1) Évaluer les effets des interventions basés sur le régime alimentaire et/ou 

l’activité physique pendant la grossesse pour prévenir le DG.  

2) Estimer l'effet de remplacer une heure hebdomadaire de télévision par une 

heure hebdomadaire d'activité physique légère à modérée ou vigoureuse 

avant et pendant la grossesse sur le risque de DG. 

3) Estimer la magnitude l'association entre l'exposition aux POPs et le DG. 

Méthodes. Pour répondre à ces questions, différents types d'études 

épidémiologiques ont été menés. 1) Une revue umbrella des revues systématiques 

menées avec des essais cliniques randomisés analysant l'effet des interventions 

basées sur l'activité physique et le régime alimentaire avant et pendant la grossesse. 

2) Le modèle de substitution isotemporelle a été utilisé pour calculer l'effet du 

remplacement d'une heure/semaine passée devant la télévision par la même durée 

d'activité physique dans une étude de cas-témoins portant sur 290 femmes 

atteintes de DG (cas) et 1 175 femmes en bonne santé (témoins). Et 3) Une revue 

systématique avec méta-analyse d'études observationnelles examinant l'association 

entre l'exposition aux POPs mesurée au début de la grossesse et le développement 

de DG.   



 

Résultats. Les interventions basées sur l'activité physique et le régime alimentaire 

peuvent réduire le risque de DG lorsqu'elles sont menées séparément. Cependant, 

les interventions combinant activité physique et régime alimentaire ne semblent 

pas réduire de manière significative le risque de DG.  

D'autre part, les femmes enceintes de notre étude cas-témoins se caractérisent par 

un niveau élevé de sédentarité. Les femmes qui passent plus de temps à regarder 

la télévision et moins de temps à être physiquement actives ont tendance à avoir 

un risque plus élevé de développer le DG. Les résultats obtenus à l'aide d'un 

modèle d'analyse isotemporelle montrent que les femmes enceintes peuvent 

réduire le risque de DG de 34 % simplement en remplaçant une heure par semaine 

passée devant la télévision par une heure par semaine d'activité physique 

vigoureuse approprié. 

Quant aux résultats relatifs à l'exposition aux POPs en tant que facteur de risque 

de DG. Nos résultats montrent une petite variance dans la concentration du 

PFHpA 0.26 (95% CI 0.17 to 0.35, I2=0.0%), PCB180 0.37 (95% CI 0.19 to 0.56; 

I2=25.3%), BDE47 0.23 (95% CI, 0.0 to 0.45, I2=0%), BDE99 0.36 (95% CI 0.14 

to 0.59; I2=0%), BDE100 0.42 (95% CI 0.19 to 0.64; I2=0%) et (HCB) 0.22 (95% 

CI 0.01to 0.42, I2=39.6%) entre les cas de DG et le groupe control concernant. 

Aucune différence considérable n'a été observée pour les autres POP. 

Conclusion. Le DG est une maladie multifactorielle liée à différents déterminants 

de la santé. De simples changements de mode de vie, tels que le remplacement 

d'une heure de télévision hebdomadaire par une activité physique rigoureuse, 

peuvent réduire le risque de la maladie. En outre, l’exposition à certains POPs 

peuvent augmenter le risque de DG. Cependant, les preuves scientifiques sont 

pour la plupart de qualité moyenne et les résultats sont hétérogènes, ce qui ne 

permet pas d'établir un lien clair avec les POP. Il est nécessaire d'améliorer la 

méthodologie pour évaluer l’association entre l’éxpositio aux POPs et le risque de 

diabète gestationnel. 

  



 

 

 
 
 
 
 
 
 
 
 
 

 
RESUMEN 

  



 

Introducción. La Diabetes Gestacional (DG) es un problema de salud pública 

por ser la enfermedad metabólica más frecuente durante el embarazo, y por ser 

responsable de la aparición de deferentes condiciones en la salud de la madre y el 

niño a largo y corto plazo, como las la diabetes tipo 2, las enfermedades 

cardiovasculares y los traumas en el momento del parto. A pesar de que muchos 

estudios epidemiológicos se interesaron a analizar y estudiar los diferentes factores 

responsables del aumento de la incidencia de DG como el estilo de vida, los 

resultados no son siempre consistentes.  Además, debido que es una enfermedad 

multifactorial, otros determinantes como la contaminación ambiental y 

especialmente la exposición a distruptores endocrinos como los Contaminantes 

Orgánicos Persistentes (COPs) pueden ser responsable también del aumento de 

la prevalencia de la DG. 

Objetivos. A través de los trabajos de investigación realizado en esta tesis doctoral 

se pretende:  

1) Evaluar los efectos de las intervenciones de dieta y/o actividad física 

durante el embarazo para prevenir la DG. 

2) Estimar el efecto de reemplazar 1 hora por semana de ver televisión con 1 

hora por semana de actividad física ligera a moderada o vigorosa antes y 

durante el embarazo sobre el riesgo de DG. 

3) Estimar la fuerza de la asociación entre la exposición a COP y DMG en 

una revisión sistemática con meta-análisis 

Métodos. Para responder a estas preguntas, diferentes tipos de estudios 

epidemiológicos se llevaron a cabo. 1) Una revisión umbrella de revisiones 

sistemáticas realizadas con ensayos clínicos aleatorizados que analizan el efecto de 

intervenciones basadas en la actividad física y la dieta antes y durante el embarazo. 

2) Se utilizó el modelo de sustitución isotemporal para calcular el efecto de sustituir 

1 hora/semana de ver la televisión por la misma duración de actividad física sobre 

en un estudio de caso-control que incluye 290 mujeres con DG (casos) y 1175 

mujeres sanas (controles). Y 3) Una revisión sistemática con meta-análisis de 



 

estudios observacionales que analizan la asociación entre la exposición a COPs 

medida al principio del embarazo y el desarrollo de la DG.  

Resultados. Las intervenciones basadas en la actividad física y la dieta pueden 

reducir el riesgo de padecer la DG cuando se realizan de forma separada. Sin 

embargo, las intervenciones combinadas de actividad física y dieta no parecen 

reducir el riesgo de desarrollar la DG de forma destacable.  

Por otro lado, las mujeres embarazadas de nuestro estudio de caso-control se 

caracterizan con alto nivel de sedentarismo. Las mujeres que pasan más tiempo 

viendo la televisión y menos tiempo realizando actividad física tienden a tener más 

riesgo de desarrollar la DG. Los resultados obtenidos mediante el modelo de 

análisis isotemporal mostraron que las mujeres embarazadas pueden reducir hasta 

34% su riesgo de DG, simplemente reemplazando una hora por semana de 

televisión por una hora por semana de actividad física vigorosa apropiada al 

embarazo.  

En cuanto a los resultados relacionados con la exposición a COPs como factor de 

riesgo de la DG. Nuestros hallazgos mostraron una pequeña varianza en la 

concentración del PFHpA 0.26 (95% CI 0.17 to 0.35, I2=0.0%), PCB180 0.37 

(95% CI 0.19 to 0.56; I2=25.3%), BDE47 0.23 (95% CI, 0.0 to 0.45, I2=0%), 

BDE99 0.36 (95% CI 0.14 to 0.59; I2=0%), BDE100 0.42 (95% CI 0.19 to 0.64; 

I2=0%) et (HCB) 0.22 (95% CI 0.01to 0.42, I2=39.6%) entre los casos de DG y 

el grupo control. No se observaron diferencias considerables para el resto de los 

COPs. Sin embargo, la evidencia actual no parece lo suficientemente sólida como 

para sacar conclusiones firmes. 

Conclusión. La DG es una enfermedad multifactorial relacionada con diferentes 

determinantes de salud. Simples cambios en el estilo de vida como el hecho de 

reemplazar una hora semanal de ver la televisión con una actividad física rigurosa 

puede reducir el riesgo de esta enfermedad. Otros factores como la exposición a 

algunos COPs pueden aumentar el riesgo de la DG. Sin embargo, la evidencia 

científica muestra en su mayoría una calidad moderada y los resultados fueron 



 

heterogéneos para establecer una asociación clara para los COPs. Es necesario 

mejorar la metodología para evaluar los COPs y el riesgo de DMG. 
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Malak Kouiti 
Doctoral Program in Clinical Medicine and Public Health-UGR 
Doctoral Program in Biology, Health and Environment-UH1 

1  

1. Gestational Diabetes Mellitus 

1.1 Definition, aetiology and diagnosis 

Gestational Diabetes Mellitus (GDM) is defined as a carbohydrate 

intolerance, first detected during pregnancy, and results in hyperglycaemia (1). As 

the most common metabolic disorder of pregnancy, the aetiology of GDM 

remains unknown. However, some theories suggest a role for placental hormones 

such as kisspeptin in altering beta-cell receptors, which may be associated with 

insulin resistance and hyperglycaemia (2–4).   

As GDM is a non-symptomatic pregnancy outcome, the American 

Diabetes Association (ADA) recommends a systematic screening on pregnant 

women without diabetes (5). In general, for women without high risk factors such 

as obesity and a history of GDM, screening is scheduled for the second visit at 24 

gestational weeks. Different criteria were used to define GDM as not standardized 

form was established. In 1973 O’ Sullivan et al., published the first diagnostic 

criteria for GDM (6). Since then, different organizations such as the WHO, the 

International Association of Diabetes and Pregnancy Study Groups (IADPSG), 

and the Canadian Diabetes Association (CDA) have developed their own criteria. 

Regardless of the cut-off point established by each organisation, two main 

strategies have been used to screen for GDM. 

- One step strategy: Consist on a 75-g OGTT, GDM diagnosis cut-off 

point was established for a plasma  

- glucose measurement greater than or equal at least one of the following 

values 5.1 mmol/L at fasting, 10.0 mmol/L at 1h or 8.5 mmol/L at 2h 

(5).  

- Two step strategy: start with standardized non-fasting 50-g glucose 
challenge screening test (GCT), if the value is <7.8 mmol/L, no 
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further testing is required and if the value of the GCT is ≥11.1 
mmol/L, gestational diabetes mellitus is diagnosed (Table 1).  

However, to standardise the definition of GDM, the WHO recommends 

the use of the IADPSG criteria for a universal screening at the first antenatal visit 

at 24-28 weeks (1). In addition, the International Diabetes Federation (IDF) 

confirms that the IADPSG has the highest prevalence of GDM compared to other 

screening criteria (7,8). 

Table 1. GDM screening criteria 

Criteria 
Glucose 

Challenge 
 

Fasting 
blood 

glucose 
mmol/l 

1-h plasma 
glucose 
mmol/l 

2-h plasma 
glucose 
mmol/l 

 

3-h plasma 
glucose 
mmol/l 

 

Abnormal 
value 

mmol/l 

Who, 1999 
(9) 

75g 
OGTT 

≥ 7.0 
Not 

required 
7.8 

Not 
required 

≥ 1 

Who, 2006 
(10) 

75g 
OGTT 

≥ 7.0 
Not 

required 
≥ 11.1 

Not 
required 

≥ 1 

Who, 2013 
(11) 

75g 
OGTT 

≥ 5.1-
6.9 ≥ 10 ≥8.5-11.0 

Not 
required ≥ 1  

Carpenter & 
Coustan (12) 

100g 
OGTT 

5.3 10.0 8.6 7.8 ≥2 

NDDG (13) 
100g 

OGTT 
5.9 10.6 9.2 8.0 ≥2 

IADPSG 
(14) 

75g 
OGTT 

≥ 5.1 ≥ 10.0 ≥ 8.5 
Not 

required 
≥ 1 

Canadian 
Diabetes 
Association 
(15) 

100g 
OGTT 

≥ 5.3 ≥ 10.6 ≥ 8.9 
Not 

required 
≥ 1 

SOGC (16) 
100g 

OGTT 
≥ 5.3 ≥ 10.6 ≥ 9.0 

Not 
required 

≥ 1 

WHO: World health organization, IADPSG: International Association of Diabetes and Pregnancy 

Study Groups, NDDG: National Diabetes Data Group, SOGC: Society of Obstetricians and 

Gynaecologists of Canada. 
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1.2 Epidemiology and risk factors  

In a recent meta-analysis, the IDF provided the first standardised global 

estimate of the prevalence of GDM 14.0% (95% CI 13.97-14.04%). The highest 

prevalence of hyperglycaemia was 28.0%, registered in South-East Asea region. 

And the lowest level was registered in Middle East & North Africa 8.6 % (Figure 1). 

Moreover, 16% of live birth are affected by hyperglycaemia during pregnancy, 

80.3% of cases due to GDM (17). 

Several factors were associated to highest levels of GDM. Which fall into 

two categories: 1) Unmodifiable risk factors such as age, genetic predisposition, 

belonging to a high-risk ethnic group, diabetes mellitus family antecedents, GDM 

antecedents and macrosomia antecedents (18–22). And 2) Modifiable risk factors, 

susceptible to change and whose modification may increase or decrease the risk 

of GDM, such as high body mass index (BMI), low physical activity practice, 

sedentary behaviour and unhealthy diet (18,23,24). These factors are of high public 

health interest as a key of primary prevention. However. RCTs are needed to 

confirm their effectiveness (See GDM prevention and treatment). 
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Figure 1. Hyperglycaemia in pregnancy (20–49 years) by IDF Region, ranked by 2021 age-
adjusted comparative prevalence estimates. Source: Adapted from IDF ATLAS 

10th edition (17)  

1.3 Implication for maternal and new born health 

Although GDM is not a chronic disease, epidemiological studies raise the 

association between GDM and developing multiple gynaeco-obstetrical 

complications. Several outcomes were observed during the embryonic and foetal 

stage as congenital malformation, growth retardation, abortion, macrosomia, 

respiratory complications and hypoglycaemia. Preterm birth and Complications 

during delivery were stressed as pelvic-foetal incidence and disproportion, 

premature rupture of membranes and caesarean (25,26).  

At long term, women with GDM may develop diverse complications. 

Recent cohort studies affirm that GDM increase the risk of cardiovascular diseases 

such as coronary artery disease, myocardial infarction, ischemic stroke, peripheral 

artery disease, heart failure, mitral regurgitation and atrial fibrillation/flutter and 

metabolic morbidity (27,28). 5.7% of women with GDM develop diabetes mellitus 

type 2 in the next 3–6 years (29).  

Europe: 12.2% 

Middle East & North 
Africa: 8.6 % 

Africa: 11.4 % 

North America & 
Caribbean: 20.7% 

South-East Asea: 
28.0 % 

South & Central 
America: 13.7% 
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1.4 GDM Prevention and treatment  

The increasing prevalence of GDM and the serious repercussions on 

maternal and neonatal health call for the development and implementation of 

preventive strategies. In public health the prevention of GDM is based on the 

control of modifiable risk factors. Several epidemiological studies have 

emphasised the importance of improve healthy diet and physical activity, and 

reduce sedentary behaviour to control blood glucose levels during pregnancy and 

reduce the risk of GDM. Dietary interventions based on a reduced carbohydrate 

and high fibre intake, or a high adherence to the Mediterranean diet help to 

prevent GDM (30,31). Similarly, physical activity intervention has been shown a 

preventive effect against GDM in several clinical trials (32).  

Treatment of GDM aims to control blood glucose levels. As with 

prevention, the treatment strategy is generally based on dietary modification, 

adapted physical activity and follow-up (33). However, in some cases of GDM, 

pharmacotherapy may be required and a medical treatment such as insulin, 

metformin, or glyburide has been prescribed (34,35).   
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2. Physical activity  

2.1 Importance of physical activity for health 

Physical activity, as defined by the WHO, can be any muscular movement 

that requires the expenditure of energy. Physical activity is not limited to sport, as 

any moderate or vigorous activity performed in leisure time or for recreation and 

relaxation may be sufficient to improve health (36).  

Physical activity is one of the most important lifestyle determinants of 

human health and its prognosis. Regular physical activity, such as walking, cycling, 

dancing and sports, helps to prevent and control chronic diseases such as 

cardiovascular disease, metabolic syndrome, as well as improving mental health 

and well-being, as confirmed by several studies and RTCs (37–39). During 

pregnancy, physical activity has been associated to multiple outcomes. Women 

with high levels of physical activity have a lower incidence of caesarean section, 

lower gestational weight gain, lower gestational hypertensive disorders, lower 

preterm birth and lower birth weight (40).  

Considering that physical activity can be a low-cost and accessible solution 

to many health problems, such as obesity, and a preventive factor for others. 

Health policies should focus more on improving physical activity among the 

general population at different ages and for vulnerable groups.  

2.2 Physical activity recommendations  

The WHO provide physical activity recommendations for each age group 

(36):  

- Children under 5: should get at least 180 min/day of physical activity 

and screen time is not recommended. Children under one year of age 
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should not be restrained for more than one hour in a pram/stroll, chair 

or other device.  

- Children and adolescents aged 6-17 years: should be physically active 

for at least 60 minutes/day, including vigorous activities such as 

aerobic and muscle-strengthening exercises at least 3 times/week. 

Sedentary time needs to be limited, especially screen time.  

- Adults aged 16-64 should get at least 150-300 min/week of moderate 

physical activity or at least 75-150 min/week of vigorous physical 

activity. In addition, muscle-strengthening activities were 

recommended at least twice a week.  

- Older people aged 65 and over: Have the same recommendation as 

adults aged 16-64. However, in addition, they should improve 

functional capacity through strength training at moderate or higher 

intensity and emphasise functional balance through specific physical 

activities.  

- Pregnant women with no contraindications should get at least 150 

min/week of moderate-intensity exercise, including aerobic and 

muscle-strengthening activities. Sedentary time, especially screen time, 

should be replaced by physical activity of any intensity (36). The safety 

and appropriateness of various exercises for pregnant women, such as 

walking, stationary cycling, aerobic exercise, dance resistance exercise 

(using weights and elastic bands), stretching and aqua aerobics, have 

been confirmed (41). 

2.3 Physical activity strategies  

The WHO invite countries to implement policies and develop 

strategies appropriate to the characteristics of their population and their 

culture. The principal recommendations should insure (36):  
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1) The accessibility and safety of non-motorized transport as walking 

and cycling. 

 

2) Create adapted workspace that encourage employees to be 

physically active during the work day. 

3) Promote adapted space for active leisure time in educational 

establishments. 

4) Provide physical activity education in primary and secondary 

schools to improve active routines at long term.  

5) Establishing adapted physical activity programs and schedules for 

the community and school.  

6) The accessibility and facility to participate in recreational physical 

activity events and sports. 

7) Health professionals encourage patients to be physical active and 

provide adapted advice according.  

2.4 Evaluation of physical activity. Surveys and scales 

Several questionnaires have been developed to measure the level of 

physical activity practice in different population. Up to 85 versions of 

questionaries can be listed (42).  The WHO proposes the Global Physical Activity 

Questionnaire (GPAQ) to help countries in the monitor of physical activity 

(36,43). Other instruments have usually been used by scientists, such as the 

Physical Activity Frequency Questionnaire (PAFQ), Physical Activity Survey 

(PAS), Paffenbarger questionary (44–46). For pregnant women the Pregnancy 

Physical Activity Questionnaire (PPAQ) has been developed and other 

instruments such as Kaiser Physical Activity Survey (KPAS) and Paffenbarger 

questionary was adapted (47–49).  
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2.5 Isotemporal substitution model to analyse physical activity 

In 2009, Mekary et al. developed the isotemporal substitution model to 

analyse the relationship between physical activity and health outcomes, 

considering the differences that may occur when other behaviours are removed or 

reallocated. The ISM is based on the fact that a day is limited to 24 hours, implying 

that time spent in one activity substitutes for time spent in another. The magnitude 

of the effect of physical activity may vary depending on the activity that is 

substituted (50). If 1h of watching TV is substituted by 1h of running, the inactive 

behaviour is reduced at the same time as the physical activity is increased. In this 

example, if 1h of running replaces 1h of walking, the effect may not be of the same 

magnitude as for watching TV. 

  



Malak Kouiti 
Doctoral Program in Clinical Medicine and Public Health-UGR 
Doctoral Program in Biology, Health and Environment-UH1 

10  
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3. Persistent Organic Pollutants 

3.1 POPs definition and types 

 Persistent Organic pollutants (POPs), are very lipophilic pollutants and 

persistent to degradation. Polychlorinated biphenyl (PCBs), Per-and 

polyfluoroalkyl substances (PFAS), Polybrominated diphenyl ethers (PBDE) and 

organochlorine pesticides (OCPs) were classified as POPs due to their persistence 

and bio-accumulation nature. 12 principal POPs are listed in the Stockholm 

Convention, identified in three categories: 

- Pesticides: aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, 

hexachlorobenzene (HCB), Hexachlorocyclohexanes (HCH) including 

several forms α-, β-, δ-, and γ, mirex, toxaphene. 

- Industrial chemicals: hexachlorobenzene, polychlorinated biphenyls 

(PCBs).  

- By-products: hexachlorobenzene; polychlorinated dibenzo-p-dioxins and 

polychlorinated dibenzofurans (PCDD/PCDF), and PCBs. 

3.2 Contamination sources 

Human exposure to POPs results from daily activities. The main pathway 

is dietary intake. Some foods, especially fish, meat and animal products such as 

milk and eggs, have often been a high source of contamination due to the 

lipophilic nature of these contaminants, which favours their accumulation in 

animal fat. The persistence of high levels of POPs even after their banning was 

justified by the persistence of food contamination (51).  

Occupational exposure and indoor inhalation can also be alternative 

pathways of contamination. People living in industrial areas, working in a 

contaminated environment such as construction or building, or handling 
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contaminated materials such as cables, transformers and paints, as well as 

agricultural workers, are highly exposed to POPs (52–54).  

3.3 POPs and health outcomes  

The exposure to POPs can be a risk for human health due to their toxicity 

and persistence in human tissue and blood. Several health outcomes were 

associated to high contamination such as cardiovascular diseases, reparatory 

complications, carcinogenic, neurological, endocrine diseases, immunodeficiency 

and metabolic conditions such as obesity and diabetes 

(55,56). Hexachlorobenzene (HCB), dichlorodiphenyl-dichloroethylene (p,p'-

DDE), and PCBs have been described as potential risk factors for 

diabetes mellitus type 2 (57,58). 

 Epidemiological studies suggest that early life is most vulnerable to the 

effect of POPs. At these most vulnerable stages, some OCPs, PCBs and HCBs 

appear to be a potential risk for developing neurotoxicity and altering foetal 

growth. In pregnant women, some studies suggest an association between 

pregnancy outcomes such as GDM, miscarriage, preterm birth and other adverse 

effects. (59–61) (Figure 2).  

 

Figure 2. Health outcomes associated to GDM  

Cancer 

Endocranial 
diseases 

Obesity 

Fertility 

Cardiovascular 
diseases 

Neurotoxicity 

Fetal growth 
alteration 

Birth weight 

Preterm birth 
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3.4 Stockholm convention  

The first text of the Stockholm convention was adopted in April 2001 and 

entered into vigour in 2004. Since then, it has been updated at the biennial 

Conferences. This convention aims to protect human health and the environment 

from POPs. The Stockholm convention lists 29 regulated POPs and proposes 

control measures to prohibit and/or limit their production and use, and to restrict 

their import and export. Furthermore, Stockholm convention also requires 

countries to develop a national plan to comply with these measures. 

In Morocco, the first national plan for the implementation of the 

Stockholm Convention was established in 2006. A second national plan was 

adopted in 2019. The measures adopted are relate to three main axes: 1) regulatory 

and institutional measures; 2) technical and management aspects and 3) training 

and awareness-raising (62).  

 In Spain, the first national plan to implement the Stockholm Convention 

was adopted in 2005 and the second in 2019. The main actions were related to: 1) 

production, use and marketing; 2) improvement of techniques and practices; 3) 

management of waste and contaminated sites; 4) monitoring of POPs 

concentrations and evaluation of the effectiveness of the measures taken; and 5) 

information and awareness-raising (63).  
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1. Justification  

GDM is a serious public health problem as is the most frequent disease 

during pregnancy and its positive association with several health outcomes at short 

and long term. From a preventive perspective, GDM are closely related the mother 

lifestyle such as sedentary and dietary pattern. These risk factors are susceptible to 

change and may be the key to controlling the incidence of GDM. In this sense, 

several epidemiological studies have been interested in analysing the benefit of 

interventions that aim to promote physical activity and healthy diet on reducing 

GDM risk. However, some systematics reviews stress the presence of 

discrepancies between studies and the lack of clarity about the most effective 

physical activity strategies in terms of type, frequency and intensity to achieve the 

preventive effect (64,65). Moreover, benefit that can be achieved depend not only 

on the activities that are added to the woman's routine, but also on the activities 

that are eliminated. 

On the other hand, gestational diabetes is a multifactorial obstetric 

complication. Analysing and intervening exclusively at the lifestyle level may not 

be sufficient to reach the desired prevention. Other risk factors especially those 

related to environmental contamination are less investigated. The exposure to 

some pollutants especially those with the particularity to being an endocrine 

disruptor such as POPs may play a role in increasing the risk of GDM.   
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2. Hypothesis  

Therefore, this work has therefore been developed based on the following 

hypotheses:  

- Physical activity and dietary intervention early in pregnancy help 

prevent GDM. 

- Sedentary behaviour before and during pregnancy increase the risk 

of GDM. 

- Pregnant women who engage in leisure-time physical activity 

before and during pregnancy may have a lower risk of developing 

GDM.  

- Replacing 1 hour per week of television with 1 hour per week of 

light to moderate physical activity or vigorous physical activity 

before and during pregnancy may reduce the risk of GDM. 

- Exposure to persistent organic pollutants may be another risk 

factor for developing GDM.  
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4. General objective 

Analyse the role of physical activity behaviour in the prevention of gestational 

diabetes mellitus and persistent organic pollutants as a new potential risk factor.  

5. Specific objectives  

1- Evaluate the effects of dietary and/or physical activity 

interventions during pregnancy on the prevention of 

gestational diabetes mellitus. 

2- Estimate the effect of replacing 1 hour/week of TV watching 

with 1 hour/week of light to moderate or vigorous physical 

activity before and during pregnancy on the risk of gestational 

diabetes mellitus. 

3- Estimate the strength of the association between the exposure 

to persistent organic pollutants and gestational diabetes 

mellitus.  

 





 

 





 

 

 

 

 

 

 

METHODS 
First objective 

Evaluate the effects of dietary and/or physical activity 

interventions during pregnancy on preventing gestational 

diabetes mellitus. 

Second objective  

Estimate the effect of replacing 1 hour/week of watching 

TV with 1 hour/weekof light to moderate or vigorous physical activity before 

and during pregnancy on the risk of GDM. 

Third objective 

To estimate the strength of the association between the exposure to POPs and 

GDM in a systematic review with meta-analysis. 
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1. First objective  

To evaluate the effects of dietary and/or physical activity interventions 

during pregnancy on the prevention of gestational diabetes mellitus an umbrella 

review of systematic reviews/meta-analysis was conducted according to the 

following PICOS statement:  

- Population: Healthy pregnant women. 

- Intervention: Dietary and physical activity interventions before 

and/or during pregnancy. 

- Comparison: Pregnant woman receiving routine care. 

- Outcomes: Gestational diabetes mellitus. 

- Study design: Systematic reviews/meta-analysis of randomized 

controlled studies. 

1.1 Protocol & registration 

A protocol was prospectively registered in PROSPERO under the 

reference (www.crd.york.ac.uk/PROSPERO, CRD42021237895).  

1.2 Search strategy 

A systematic search was done in major biomedical sources: PubMed, 

Scopus, Web of Science and the Cochrane Library (Cochrane Database of 

Systematic Reviews, Cochrane Methodology Register). To reduce selection bias, a 

hand-search on the reference of included studies was done. Additionally, 

automatics alerts in each data base were activated. 

The search was performed combining the following terms: Gestational 

diabetes mellitus, gestational diabetes, Activit*, physical activity, exercise, sport, 

training, fitness, eating behaviors, feeding behaviors, eating habits, food habits, 

dietary habits, feeding patterns, dietary pattern, diet, systematic review, meta-
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analysis, diabetes mellitus type 1, diabetes mellitus type 2, T2D, DM2, treatment 

(Table 2).  

Table 2. Search strategy 

Search Query 

#1 “Gestational diabetes mellitus” OR “gestational diabetes” 

#2 
“physical activity” OR Activit* OR exercise OR sport OR training 

OR fitness 

#3 

“eating behaviors” OR “feeding behaviors” OR “eating habits” OR 

“food habits” OR “dietary habits” OR “feeding patterns” OR 

“dietary pattern” OR diet 

#4 “systematic review” OR metaanalysis 

#5 
“diabetes mellitus, type 1” [Mesh] OR “diabetes mellitus, 

type 2”[Mesh] 

 (#1 AND (#2 OR #3) AND #4) NOT #5 

 

1.3 Study selection 

Study selection was independently conducted by two reviewers (MK and 

CHM), and discrepancies were resolved by a third researcher (JJJM). An initial 

screening based on title and abstract assessment was done. Systematic reviews and 

meta-analyses that met the following inclusion and exclusion criteria were then 

selected for full-text screening: 

à Inclusion criteria: 

a) Systematic reviews and meta-analysis based on randomized 

controlled trials. 

b) Evaluating diet and physical activity interventions, separately or in 

combination. 

c) Including GDM as a primary or secondary outcome. 
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d) Published in English, Spanish, French or Arabic from the 

inception of the databases used for researching until December 

2021. 

à Exclusion criteria 

a) Reviews involving study designs other than RCTs. 

b) Reviews including original studies with participants suffering GDM, 

diabetes mellitus type 1 or 2, or multiple pregnancy.  

c) Gray literature, communications, conferences, congresses, and 

scientific meetings were excluded.  

1.4 Data extraction 

The following information was extracted individually and independently 

by the same two reviewers using a previously developed database containing the 

relevant information to be extracted from each systematic review: 

- General information: First author, year of publication, title, and 

purpose.  

- Information related to the design of the review and the original 

studies included: Selection criteria, number of studies included, 

sample size, characteristics of participants. 

- Information related to the intervention and its characteristics. 

- Risk of bias information: quality assessment of the original studies 

and the tool used (Cochrane Handbook, Jadad scale or GRADE), 

assessment of heterogeneity and publication bias, funding details. 

- Outcome information: Measures of association (relative risk, odds 

ratio, risk difference). 
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1.5 Quality assessment 

 Similarly, the methodological quality of the included systematic reviews 

was assessed independently by two reviewers using a measurement tool to assess 

systematic reviews (AMSTAR-2), and discrepancies were resolved by a third 

reviewer.  

The AMSTAR-2 tools determine the methodological quality of systematic 

reviews and meta-analyses of RCTs by assessing sixteen domains related to the 

purpose of the study, protocol and registration, search strategy, study selection, 

description of included studies, risk of bias and heterogeneity assessment, data 

combination and synthesis and the presence of conflicts of interest. The 

compliance of domains is considered as “yes”, “partially yes” or “no”, and the 

final score depends mainly on meeting the following seven domains considered as 

critical:  

- Item 2: use of a previously registered protocol.  

- Item 4: adequacy of the bibliographic search (use of at least two 

databases, definition of the search strategy and keywords, search 

of grey literature, and search performed within 24 months of the 

protocol conception and no later than 6 months before the 

acceptance of the manuscript.  

- Item 7: information on excluded studies and the reasons for their 

exclusion. 

- Item 9:  assessment the risk of bias, such as those related to 

blinding and randomisation, using appropriate tools.  

- Item 11: adequacy of the statistical combination on the meta-

analysis using a random-effect model and considering 

heterogeneity. 
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- Item 13: the quality and risk of bias of the included studies and was 

considered in the interpretation of the results.  

- Item 15: publication bias was assessed and results were clearly 

reported.  

The following cut-off point were used to define the quality level of included 

systematic reviews:  

1) Critically low quality: do not meets any critical item, regardless of meeting 

or not no-critical items.  

2) Quality low quality: meets one critical item or less, regardless of meeting 

or not the no-critical items.  

3) Moderate quality:  meets all critical items and more than one non-critical 

item.  

4) High quality: meets all critical item and meets at least eight of the nine no-

critical items (66). 

1.6 Strategy of data synthesis  

The overlap between selected systematic reviews was assessed for each 

intervention (physical activity, diet and combined interventions), and by 

population characteristics (healthy pregnant women and high-risk pregnant 

women). In addition, systematic reviews were grouped by year of publication 

(before and after 2015), as systematic reviews were considered to be out of date 

after 5.5 years. 

The overlap level was estimated as a percentage calculated using the 

Corrected Covered area (CCA) methods. CCA is: (N-r)/(rc-r); Where “N” (grand 

total) is the value that includes the number of primary studies evaluated in each of 

the systematic reviews included, “R” (rows) is the number of rows of the primary 
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studies investigated in the systematic reviews; “C” (columns) is the number of 

columns corresponding to the systematic reviews included in the overlap 

assessment. Very high overlap between systematic review was considered at 

CCA>15%, high at CCA between 11 and 15%, moderate at CCA between 6 and 

10%, and low at CCA between 0-5% (67). 

The characteristics of each intervention (physical activity, diet and 

combined intervention) were assessed and summarised. The descriptive synthesis 

of the results was done in a narrative way. The results of the association measures 

were used to compare the magnitude of the effect of each intervention on reducing 

the risk of GDM. In addition, a forest plot was created to summarise the results 

of the meta-analysis. 
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2. Second objective 

To estimate the effect of replacing 1 hour/week of TV watching with 1 

hour/week of light to moderate or vigorous physical activity before and during 

pregnancy on the risk of GDM, a case control study was conducted according to 

the following PECOS statement:  

- Population: Pregnant women. 

- Exposure: Hours/week of light to moderate or vigorous physical 

activity. 

- Comparison: Hours/week of watching TV. 

- Outcomes: Gestational diabetes mellitus. 

- Study design: A case-control study of pregnant women with GDM 

(cases) and healthy pregnant women (controls). 

2.1 Sitting  

This study was conducted using a database collected previously for the 

project of Excellence of the Junta de Andalucía CTS 05/942 realized in the 

catchment area of Virgen de las Nieves University Hospital (VNUH) of Granada, 

Spain.  This project was approved by the Ethics and Research Committees of 

VNUH and the University of Granada.  

2.2 Target population 

The population of interest was pregnant women resident in the area 

covered by VNUH. One in five women who attend to the hospital for the second 

pregnancy visit scheduled in the 20th gestational week was invited to participate 

in the study (Figure 3).   
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2.3 Eligible population 

Women from the target population must meet the inclusion and exclusion 

criteria to be eligible for the study. Pregnant women diagnosed with GDM were 

allocated to cases group and healthy pregnant women to control group. 

® Inclusion criteria:  

1) Spanish women aged 18 years or older, with a singleton pregnancy, 

2) Residents in the area covered by the VNUH, 

3) Attend to VNUH for the second visit programmed in pregnancy 

follow-up, 

4) Included in the Andalusian Program of Infant–Maternal Health. 

® Exclusion criteria:  

1) Pregnant women with metabolic disease diagnosed before 

pregnancy or in early gestational weeks, and who require a change 

in dietary pattern or physical activity during pregnancy, 

2) Pregnancy with complications requiring a change in dietary pattern 

or physical activity during pregnancy,  

3) High risk pregnancy transferred to the VNUH.  
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Figure 3. Participant flowchart 
 

2.4 Physical activity and TV–watching assessment 

Information related to time, frequency and intensity of physical activity 

realized on leisure time, displacement, work and house hold was collected using 

Paffenbarger Physical Activity Questionnaire, validated for Spanish pregnant 

women (49,68). Additionally, information related to sedentary behaviour such 

watching TV was collected.  

Leisure time physical activities were classified in two categories according 

to the intensity provided in Ainsworth´s Compendium of Physical Activity (69):  

® Light to moderate physical activity (LMPA), including activities < 6 

METs: walking, gym, swimming, and gardening. 

® Vigorous physical activity (VPA), including activities ≥ 6 METs: 

cycling, aerobics activities, dancing, and mountain hiking.  

Then, the time (hours/week) of LMPA, VPA and TV–watching was 

calculated. LMPA, VPA and watching TV were divided into categories using cut-

off points based on the control group physical activity and watching TV levels.  

Women invited to participate 
in control group  

n = 1222 

19 did not have full 
interview 

13 declined participation 

Controls  
n = 1175 

Women invited to participate 
in case group  

n = 299 

1 treated with diet for GDM 

GDM cases  
n = 290 

1 excluded due to missing 
data  

7 declined participation 

15 excluded due to missing 
data  
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2.5 Outcome assessment   

GDM cases was identified as two or more glucose test measurements equal 

or exceed the cut-off point of National Diabetes Data Group (NDDG) criteria. 

The cut-off points were: 105 mg/dL at fasting, 190 mg/dL at 1 hour, 2 hours at 

165 mg/dL, and 145 mg/dL at 3 hours (13).  

2.6 Confounder factors assessment 

To avoid risk of bias in the association between physical activity and 

GDM, information related to possible confounders was collected: 

- Sociodemographic characteristics such as employment, income and 

education level. 

- Lifestyle habits including smoking, alcohol consumption and energy 

intake. In addition, dietary pattern was assessed using a validated food 

frequency questionnaire in Spanish population (70), and the adherence 

to Mediterranean diet was identified through the score proposed by 

Trichopoulous (71). 

- Anthropometrics data such as wights and height. The BMI was 

calculated according to the equation weight (kg)/height square (m2) 

and categorised according to the cut-off points established by the 

International Obesity Task Force (IOTF): underweight, normal 

weight, overweight and obesity. 

- Obstetrics data such as history of pregnancies, abortions, gestational 

weight gain and GDM antecedents.  

Participants characteristics were reported as measures of central tendency 

and dispersion. To compare variables between GDM cases and control group, the 

Chi-squared and T-Student were used as appropriate.  

The odds ratio (OR) and 95% CI for the association between physical 

activity practice identified as LMPA and VPA, and watching TV with GDM was 

estimated using logistic regression model. For the adjusted model, the following 
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confounder were considered: maternal age, body mass index, educational level, 

smoking, GDM antecedent, Mediterranean diet adherence and energy intake. 

Additionally, light to moderate and vigorous physical activity was adjusted by 

watching TV and watching TV by both intensities of physical activity.  

Then, joint effect of LMPA–watching TV and VPA–watching TV with 

GDM was estimated considering the following combination: 

a) High LMPA/VPA–low watching TV. 

b) High LMPA/VPA–high watching TV. 

c) Low LMPA/VPA –low watching TV. 

d) Low LMPA/VPA –high watching TV.  

Subsequent, the effect of replacing 1 hour/week of watching TV with 1 

hour/week of LMPA or VPA was estimated as the difference between β 

coefficient of both activities (LMPA/VPA and TV–watching). Time spent in 

other activities (Occupation, displacement and house hold physical activities) was 

considered in the statistical model. Additionally, multivariable adjustment model 

was conducted using the confounder factors mentioned above.   Result was 

exponentiated and OR with 95% CI obtained reflects the prevalence reduction 

obtained if the participants increase the time spent in physical activity (LMPA or 

VPA) by 1 hour/week and reduced likewise watching–TV.  

Statistical analysis was performed using STATA 15.0. All statistical tests 

were two-sided and statistical significance was set at p < 0.05. 
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3. Third objective 

To analyse the strength of the association between the exposure to 

persistent organic pollutant and the risk of gestational diabetes mellitus, a 

systematic review and meta–analysis was conducted according to the following 

PECOS statement:  

- Population: Healthy women of childbearing age or with sample 

pregnancy, whose exposure to POPs has been assessed during the year 

prior to the pregnancy or at the beginning of pregnancy (First 

trimester). 

- Exposure: Polyfluoroalkyl substances (PFAS), Polychlorinated 

biphenyl (PCB), Polybrominated diphenyl ethers (PBDEs). And 

Organochlorine pesticides (OCPs), including Hexachlorobenzene 

(HCB), Dichloro-Diphenyl-Trichloroethane (DDT) and its 

metabolites.  

- Comparison: Exposure reference level to POPs. 

- Outcomes: Gestational diabetes mellitus. 

- Study design: Cohort studies, case-control studies, and hybrid studies 

(nested case-control studies and case-cohort studies). 

3.1 Protocol & registration 

Protocol was prospectively registered in PROSPERO under the reference 

(CRD42022303450), disponible at https://www.crd.york.ac.uk/prospero/.  

3.2 Search strategy 

A systematic search was done in major biomedical sources: PubMed, 

Scopus, Web of Science and Wen of Science. To reduce selection bias, a hand-

search on the reference of included studies was done. Additionally, automatics 

alerts in each data base were activated. 
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The search was performed combining the following terms: 

Organochlorinate, organochlorine, chlorinated, Persistent organic pollutant, POP, 

persistent pesticides, persistent toxic substances, Per-and polyfluoroalkyl 

substances, PFAs, Polybrominated diphenyl ethers, PBDEs, Polychlorinated 

biphenyls, PCBs, Hexachlorobenzene, HCB, Dichlorodiphenyltrichloroethane, 

DDT, p,p’DDT, Dichlorodiphenyldichloroethylene, DDE, p,p’DD, 

Dichlorodiphenyldichloroethane, DDD, p,p’DDD, Gestational diabetes mellitus, 

gestational diabetes, GDM.  

3.3 Study selection 

To be selected, studies should meet the following criteria:  

a) Cohort, case-control studies, and hybrid studies (nested case-control 

studies and case-cohort studies). 

b) Based on women of childbearing age 

c) Identifying exposure level by biomonitoring at the beginning of 

pregnancy and analysing the relationship between the individual 

contamination levels of POPs and the incidence of GDM 

d) Published from the inception of the database used for the search until 

June 2022.  

All cross-sectional studies, book chapters, and conference communications were 

excluded. 

3.4 Data extraction 

The following data was extracted by two authors independently from 

included studies:   

a) Basic data: Authors, publication year, study period, country, and research 

funding.  
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b) Study characteristics: type of study design, sample method, sample size, 

selection criteria, characteristics of the participants, and compliance with 

ethical principles.  

c) Exposure data: type of examined POPs, biomarkers used to assess 

contamination level, gestational age for the sample collection, analytic 

methodology, limit of detection (LOD) or limit of quantification (LOQ), 

unit of measurement for POPs, and lipid adjustment for the final 

determinations.  

d) Outcome data: The criteria used for the diagnosis of GDM were collected 

(National Diabetes Data Group criteria, Carpenter-Coustan criteria, 

International Association of Diabetes and Pregnancy Study Groups 

criteria, and World Health Organization criteria).  

e) Descriptive measurements of POPs by comparison groups and analytic 

results: mean and Standard Deviation (SD), median and Interquartile 

Range (IQR) or geometric mean to describe the levels of POPs; and 

Relative Risk (RR), Odds Ratio (OR) and their 95% Confidence Interval 

(CI) as association measures.  

3.5 Quality assessment 

The methodological quality of selected studies was assessed by two authors 

using Quality in Prognosis Studies scale (QUIPS) (72). This assessment tool 

contains 32 items, categorised into six domains related to the sampling, exposure 

factors measurement, outcome measurement, confounding factors and statistical 

methods, report and risk of bias of was evaluated. The overall quality was defined 

according the risk of bias of each domain as follow:  

- Low risk of bias: ≥ five domains judged as low risk of bias.  

- Moderate risk of bias: five domains judged as low risk of bias plus one 

as high risk of bias. Or if two domains had moderate risk of bias.  
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- High risk of bias: Two items judged as moderate risk of bias 

-  moderate risk of bias and high risk of bias. Weighted kappa coefficient 

(Kw) for the six domains was measured to assess inter-rater reliability 

(73). Disagreement and doubt were solved through discussion with 

senior reviewers (JJJM and JZ). 

3.6 Strategy of data synthesis and meta-analysis 

A pooled standardized mean difference (SMD) was estimated separately 

for each type of POPs. A random effect model was used and heterogeneity was 

assessed using chi-square test. Publication bias was evaluated using a funnel plot 

and Egger’s lineal regression asymmetry tests. Significance was considered at p 

value < 0.05. Analyses were conducted using STATA software version 14.0. 
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The results of this doctoral thesis will be presented separately for each of the 
objectives that have been established. 

1. First objective: Evaluate the effect of diet and/or physical activity 

interventions during pregnancy on preventing GDM. 

The results of the first objective are detailed bellow and were published on 

May 14, 2022 in Nutrient (Impact Factor:  5.9; Percentile: 81.3) as a review titled 

"Preventing Gestational Diabetes Mellitus by Improving Healthy Diet and/or 

Physical Activity during Pregnancy: An Umbrella Review." 

1.1 Literature search and study characteristics  

The search strategy yielded a total of 693 studies (PubMed n = 222; Web 

of Science n = 209; Scopus n = 150; and Cochrane Library n = 112). After 

removing duplicates, a total of 452 records were excluded by title and abstract 

screening and 56 were selected for full-text assessment. Five studies were excluded 

for not being systematic reviews (74–78), eleven for including designs other than 

RCTs (79–88), and six for analysing an outcome other than GDM or women was 

already diagnosed with GDM (89–94). Therefore, left 34 records that met the 

selection criteria. In addition, one review was identified by the alert activated in 

the databases used. Finally, a total of 35 records were included in our umbrella 

review (Figure 4).  

The main characteristics of the 35 included systematic reviews are 

summarised on Table 3 to 6. The selected systematic reviews were classified 

according to the type of intervention analysed. Sixteen reviews aim to analyse 

exclusively the preventive effect of physical activity interventions on reducing the 

risk of GDM (64,95–109), nine analyse only dietary interventions (110–113) and 

fifteen reviews analyse both physical activity such as dietary interventions (114–

128). Only three reviews do not include a meta-analysis (97,110,125). The number 
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of RCTs included for GDM analysis as principal outcome varied from 2 to 27. 

The association measurement was reported mostly as relative risk and odds ratio. 

The risk difference was reported one time (128). 

 

Figure 4. Flow diagram for the search criteria. 

RCTs: Randomized controlled trials; GDM: Gestational Diabetes Mellitus and PA: Physical 
Activity 
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Table 3. Systematic reviews and meta-analysis of randomised control trials of physical activity 
intervention 

Study ID RCTs 
number  

Sample 
IG/CG 

Association 
measurement I² (P) 

Oostdam et al. 2011 (128) 3 125/113 RD -0.05 (-0.20—0.10) 66 (0.05) 

Han et al. 2012 (108) 5 437/389 RR 1.10 (0.66 – 1.84) 0 (0.37) 

Yin et al, 2014 (107) 6 - RR 0.91 (0.57 – 1.77) 26 (0.25) 

Russo et al. 2015 (106) 10 569/520 RR 0.74 (0.57 – 0.97) 12 (0.33) 
Sanabria-Martínez et al. 
2015 (105) 8 - RR 0.69 (0.52 – 0.91) 0 (0.614) 

Madhuvrata et al. 2015* 
(122) 3 76/76 OR 0.77 (0.33 – 1.79) 0 (0.53) 

Aune et al, 2016 (102) 12 9804 RR 0.69 (0.50 – 0.96) 30.2 (0.15) 

Song et al, 2016 (118) - - RR 0.77 (0.54 – 1.09) - 

Da Silva et al. 2017 (104) 10 1883/1907 RR 0.67 (0.49 – 0.92) 33 (0.135) 

Zheng et al. 2017 (109) 7 550/ 563 OR 0.62 (0.43 – 0.89) 37 (0.19) 

Ming et al    2018* (103) 9 1472/ 1509 RR 0.58 (0.37 – 0.90) 
 46 (0.07) 

Davenport 2018 (116) 27 7568/ 7198 OR 0.62 (0.52 – 0.75) 0 (0.51) 

Bennett et al. 2018 (115) 12 - RR 0.62 (0.50 – 0.78) 0 (0.909) 

Yu et al. 2018 (99) 6 651/ 719 RR 0.59 (0.39 – 0.88) 46 (0.11) 
Chatzakis et al. 2019* 
(100) 14 575/ 589 RR 0.80 (0.60 - 1.07) 30 

Du et la 2019* (98) 13 550/ 572 RR 0.71 (0.57 - 0.89) 0 (0.52) 

Makaruk et al. 2019 (97) 10 1747/ 2013 - - 
Nasiri-Amiri fatemeh et 
al. 2019* (96) 8 727/ 714 RR 0.76 (0.65 - 1.08) 50 (0.05) 

Guo et al. 2019 (114) 19 5883 RR 0.70 (0.59 - 0.84) - 

Doi et al. 2020* (95) 11 722/ 745 RR 0.69 (0.51 - 0.94) 23.2 (0.015) 

*Population= women at high risk; IG: intervention group; CG: control group; OR= odds ratio; 
RR= relative risk; RD= risk difference; N= exposed simple size; n= no exposed simple size; I²(P) 
= heterogeneity test (P-value). 
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Table 4. Systematic reviews and Meta-analysis of randomised control trials of dietary 
intervention 

*Population= women at high risk; **Mediterranean diet; IG: intervention group; CG: control 
group, OR= odds ratio; RR= relative risk; N= exposed simple size; n= no exposed simple size; 
I²(P) = heterogeneity test (P-value).  
 
Table 5. Systematic reviews and Meta-analysis of randomised control trials of mixed 
intervention including both physical activity and diet  

Study ID Number 
RCTs 

Sample 
IG/CG 

Association 
measurement I²(P) 

Bain et al. 2015 (124) 13 1903/1841 RR 0.92 (0.68 - 1.23) 43.13 (0.06) 

Madhuvrata et al. 2015* 
(122) - 1470 OR 1.44 (0.96 - 2.14) 0 (0.39) 

Rogozińska et al. 2015 (129) 12 4745 RR 0.95 (0.76 - 1.18) 23 (0.21) 

Song et al. 2016 (118) 14 4161 RR 0.85 (0.70 - 1.03) - (0.092) 

Shepherd et al. 2017 (117) 19 6633 RR 0.85 (0.71 - 1.01) 42 (0.03) 

Davenport 2018 (116) 22 - OR 0.90 (0.74 - 1.10) 30 (0.09) 

Bennett et al. 2018 (115) 22 7274 RR 0.90 (0.77 - 1.05) 33 (0.072) 

Guo et al. 2019 (114) 18 7024 RR 0.86 (0.71 - 1.04) - 

*Population= women at high risk; **Mediterranean diet; IG: intervention group; CG: control 
group; OR= odds ratio; RR= relative risk; N=exposed simple size; n= no exposed simple size; 
I²(P) = heterogeneity test (P-value). 

Study ID RCTs 
number 

Sample 
IG/CG 

Association 
measurement I²(P) 

Oostdam et al. 2011 (128) 7 449/ 364 RD -0.05 (-0.10 - -0.01) 41 (0.12) 
Madhuvrata et al. 2015* 
(122) 3 202/ 207 OR 0.33 (0.14 - 0.76) 26 (0.26) 

Rogozińska et al. 2015 
(129) 6 725/ 754 RR 0.67 (0.38 - 1.15) 52 (0.06) 

Song et al. 2016 (118) 5 1279 RR 0.80 (0.58 - 1.10) - 

Tieu et al. 2017 (111) 11 628/ 652 RR 0.60 (0.35 - 1.04) 56 (0.07) 

Bennett et al. 2018 (115) 9 3388 RR 0.56 (0.36 - 0.87) 53 (0.03) 
Lamminpää et al. 2018 
(110) 15 - - - 

Guo et al. 2019 (114) 11 2838 RR 0.75 (0.59 - 0.95) - 
Zhang et al, 2020** (112) 
 2 911/ 937 OR 0.66 (0.52 - 0.82) 0 (0.85) 
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Table 6. Systematic reviews and Meta-analysis of randomised control trials including GDM as a 
secondary outcome 

 Number 
RCTs 

Sample 
IG/CG 

Association 
measurement I²(P) 

Physical actvivity      
Magro-Malosso et al 
2016* (101) 7 623 / 727 RR 0.61 (0.41 - 0.90) - 

Díaz-Burrueco et al 2021 
(64) 5 782/1091 OR 0.68 (0.39 - 1.19) - 

Diet     
Thangaratinam et al 2012 
(127) 3 409 RR 0.39 (0.23 - 0.69) 21 (0.001) 

Mixed intervention     
Rogozińska et al 
2021(120) 31 5710 / 5408 OR 0.77 (0.63 - 0.94) 38 (0.02) 

O’brien et al 2015(121) 2 243 RR 1.02 (0.41 - 2.57) - 
Thangaratinam et al 2012 
(127) 6 1233 RR 1.18 (0.78 - 1.77) 0 (0.44) 

Oteng-Ntim Et al 
2012*(126) 6 526 / 491 OR 0.80 (0.58 - 1.10) 62 (0.002) 

* Pregnant women at high risk; IG: intervention group; CG: control group. 
 

1.2 Interventions characteristics 

 
The definition of lifestyle interventions based on both physical activity and 

diet, as well as the interventions based on a mixed approach that include both 

activities, varied widely between the different RCTs included in the systematic 

reviews selected for this umbrella. Mostly, the interventions started early in 

pregnancy, before 24 gestational weeks. Pregnant women received the 

intervention up to 34-37 gestational weeks or up to delivery. A variety of guidelines 

were used to develop the interventions and advice. These include the Institute of 

Medicine (IOM) guidelines (117,129), the American College of Obstetricians and 

Gynaecologists guidelines for gestational weight gain (117), Health Canada 

guidelines (125,129), prenatal nutrition guidelines, official national dietary 

recommendations (122,125,129) and Danish recommendations (122,129,130).  
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Pregnant women were most likely to receive physical activity interventions 

in a group session, and less often at home. The interventions consisted of sessions 

or recommendations that included different types of exercise, such as aerobic, 

muscle-strengthening, resistance and balanced exercises. Cycling, swimming and 

pelvic floor exercises were also recommended in some RCTs. Each session 

included a warm-up and a cool-down, both based on walking and stretching. The 

intensity of the exercise was mostly light to moderate or moderate.  The frequency 

of sessions was around three times a week, sometimes up to five times a week. 

The duration of each session can vary from 35 to 60 minutes.  

In the dietary intervention, a dietitian or food technologist provides advice 

and recommendations on healthy eating, in particular by reducing energy intake, 

limiting high glucose intake and encouraging high fibre intake. In one of the trials, 

the intervention consists of the promotion of a Mediterranean diet (112). Pregnant 

women received the intervention in a face-to-face session. In contrast to physical 

activity, group sessions were less frequently used to deliver the intervention. When 

it was, the intervention was supported by a telephone call and/or written support. 

The frequency of sessions varied widely between RCTs, ranging from three to ten 

sessions per participant.  

In the combined intervention, pregnant women received advice on 

physical activity and diet at the same time. Interventions were provided by 

informed personnel such as nutritionists or dieticians, sometimes accompanied by 

food technologists, physiotherapists or nurses. The frequency and types of 

interventions are similar to those mentioned above for physical activity and diet 

separately. In some trials, the interventions were supplemented by individual 

follow-up and personalised monitoring (ANNEX 1). 
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1.3 Risk of bias of included studies  

 
The methodological quality of the 35 selected systematic reviews assessed 

by AMSTAR 2 is shown in Figure 5. 54.2% (n=19) of the reviews were rated as 

critically low quality, 38.6% (n=10) as low quality and 8.57% (n=3) as moderate 

quality. A similar number of reviews had of high quality. Most systematic reviews 

used an appropriate statistical method for meta-analyses and assessed how the risk 

of bias might affect the results, 84.4% (n=27) and 93.3% (n=31) respectively. In 

terms of risk of bias, defined by AMSTAR 2 as critical items, only 25.7% of 

included systematic reviews have a protocol registered before the review is 

conducted, and 54.3% (n=19) do not provide the list of studies likely to meet the 

selection criteria that were excluded by full-text reading, or the reason for 

exclusion.  Regarding non-critical issues, less than 45% of reviews do not explain 

the decision on which study designs to include in the review and less than 10% 

report the source of funding for the included RCTs.  

1.4 Overlapping assessment 

The overlapping between included systematic reviews ranged from 19.3% 

and 37.5% (Table 7). Although this overlap is considered as very high, all 

systematic reviews was maintained as no systemic review covers all RCTs 

retrieved. For example, for the 11 systematic reviews assessed on physical activity 

interventions in general pregnant women published since 2015, 35 original RCTs 

studies were included. However, ten RCTs of the 35 were included only once time, 

and 13 RCTs of the 35 were used in the half of the included systematic reviews. 

In addition, our umbrella review does not provide a pooled effect of the meta-

analysis, therefore the risk related to considering an RCTs multiple times is not 

conceivable. 
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Table 7. Corrected Covered Area for the overlapping assessment between included systematic 
reviews 

Overlapping N CCA Classification 
Physical activity as only intervention    
Reviews of RCTs with pregnant women in general 
published since 2015 11 26.28% Very high 

Reviews of RCTs with high-risk women published since 
2015 6 19.26% Very high 

Reviews of RCTs with pregnant women in general 
published before 2015 3 37.5% Very high 

Diet as only intervention  4 25.39% Very high 
Mixed intervention  5 36.49% Very high 

N = Number of reviews included in the overlapping assessment; CCA = Corrected Covered Area 

1.5 Synthesis of results 

Most of systematic reviews and meta-analysis found an inverse association 

between physical activity interventions and the risk of GDM. This association was 

not significant in five studies (100,107,108,118,122). Among the four meta-analysis 

that include women at high risk, three report a significative inverse association 

(100) (Figure 5. A). Regarding dietary interventions, four meta-analyses found a 

reduction on GDM incidence. Meanwhile, results were not statistically significant 

in three meta-analyses (Figure 5. B). When the participants receive a mixed 

intervention that includes both physical activity and diet simultaneously, the 

preventive effect is less clear.  Regardless of the quality of the systematic reviews, 

the CI for ORs and RRs include the value 1 in all meta-analyses (Figure 5. C). 

Similar results were founded on systematic reviews and meta-analysis analysing 

GDM as secondary outcome (64,101,121,126,127,129). 
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Figure 5.Forest plot for the association of lifestyle interventions and the risk of GDM. (A) 
physical activity intervention. (B) Diet intervention. (C) Mixes intervention  

IG: Intervention group, CG: Control group 
⊦: odds ratio and ⊧: women at high risk. 
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2. Second objective: Estimate the effect of replacing 1 hour/week of 

watching TV with 1 hour/week of light to moderate or vigorous 

physical activity before and during pregnancy on the risk of GDM.  

The results of the second objective are detailed bellow and were published 

on October 2023 in the International Journal of Gynecology & Obstetrics (Impact 

Factor: 3.9; Percentile: 74.7) as an original article titled: “Replacement of TV watching 

with physical activity and change in Gestational Diabetes Mellitus risk: a case-

control study”.  

2.1 Demographic characteristics 

The sociodemographic and anthropometric characteristics of the women 

with GDM and the control group are summarised in Table 7. All parameters 

measured showed significant differences between the two groups, with the 

exception of educational level. In comparison with control group, women with 

GDM were more likely to be older, had a higher baseline BMI, gained more weight 

during pregnancy and had a history of GDM (p<0.001).  

Differences in lifestyle between controls and GDM cases are shown in 

Table 8. Both groups were inactive and spent little time on physical activity. Before 

pregnancy, women with GDM had a higher energy intake (p=0.040) and spent 

less time in vigorous physical activity (0.52 vs 0.76 hours/week). During 

pregnancy, women with GDM spend less time on vigorous physical activity (0.06 

vs 0.15 hours/week, p=0.025) and more time watching TV (16.01 vs. 13.97 

hours/week, p=0.002). 
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Table 8. Baseline characteristics of control group and GDM cases 

 Controls 
n = 1175 

GDM Cases 
n = 290 p-value 

Maternal age (years), mean (SD) 29.80 (5.14) 33.49 (5.51) <0.001 
<25 178 (15.1) 18 (6.2) 

<0.001 
25–29 345 (29.4) 49 (16.9) 
30–34 436 (37.1) 91 (31.4) 
35–39 199 (16.9) 95 (32.8) 
≥40 17 (1.5) 37 (12.7) 

Educational level   

0.157 Primary  478 (40.7) 136 (46.9) 
Secondary 339 (28.8) 74 (25.5) 
University 358 (30.5) 80 (27.6) 

BMI   

<0.001 
Normal weight 786 (67.0) 117 (40.3) 
Overweight 267 (22.8) 80 (27.6) 
Obesity 120 (10.2) 93 (32.1) 
Missing 2 -  

Gestational weight gain (Kg), mean (SD) 3.71 (3.51) 5.41 (5.13) <0.001 
Previous abortion   

<0.001 0 933 (79.4) 202 (69.3) 
1 199 (16.9) 68 (23.4) 
≥2 43 (3.7) 21 (7.3) 

Pregnancies    

<0.001 

0 555 (47.2) 106 (36.5) 
1 365 (31.1) 89 (30.7) 
2 168 (14.3) 56 (19.3) 
3 61 (5.2) 22 (7.6) 
≥4 26 (2.2) 17 (5.9) 

GDM antecedents  
<0.001 No 1152 (98.0) 233 (80.3) 

Yes 23 (2.0) 57 (19.7) 
Family diabetes mellitus antecedents  

<0.001 No 875 (74.5) 156 (53.8) 

Yes 300 (25.5) 134 (46.2) 
Data are n (%) except if mean (SD) is indicated. GDM, Gestational Diabetes Mellitus; SD, 
standard deviation.  
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Table 9. Lifestyle behaviors before and during pregnancy of control group and GDM cases 

 Before pregnancy During pregnancy 

 Controls 
n = 1175 

GDM Cases 
n = 290 p-value Controls 

n = 1175 
GDM Cases 

n = 290 p-value 

Smoking       

Never 504 (42.9) 110 (37.9) 

0.188 

504 (42.9) 110 (37.9) 

0.207 Ex-smoker 242 (20.6) 72 (24.8) 242 (20.6) 71 (24.8) 
Quit Smoking – – 209 (17.8) 59 (20.3) 
Smoker 429 (36.5) 108 (37.2) 220 (18.7) 49 (16.9) 

Alcohol consumption (g), mean (SD) 2.41 (4.24) 2.61 (4.14) 0.460 0.10 (0.67) 0.06 (0.32) 0.306 

Energy intake (Kcal/day), mean (SD) 2593.69 
(808.75) 

2706.64 
(959.79) 0.040 2563.27 

(779.98) 
2494.84 
(834.20) 0.187 

Mediterranean diet adherence       
Low  725 (61.7) 171 (59.0)  446 (38.0) 112 (38.6) 

0.663 Medium  377 (32.1) 102 (35.2) 0.604 512 (43.6) 131 (45.2) 
High  73 (6.2) 17 (5.87)  217 (18.5) 47 (16.2) 

LMPA (hours/week), mean (SD) 2.60 (3.75) 2.38 (3.59) 0.372 2.73 (3.39) 2.73 (3.76) 0.984 
VPA (hours/week), mean (SD) 0.76 (2.03) 0.52 (1.41) 0.058 0.15 (0.67) 0.06 (0.27) 0.025 
Watching TV (hours/week), mean (SD) 12.95 (9.13) 13.95 (9.69) 0.100 13.97 (9.76) 16.01 (10.93) 0.002 
Data are n (%) except if mean (SD) is indicated. GDM, Gestational Diabetes Mellitus; LMPA, light to moderate physical activity; SD, standard 
deviation; VPA, Vigorous Physical Activity. 
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2.2 Association between leisure-time physical activity and 

watching TV before and during pregnancy on the risk of 

GDM 

During pregnancy, the risk of GDM increase with each hour of watching 

TV aOR= 1.02 (95% CI 1.00-1.03) and decrease with each hour of vigorous 

physical activity aOR=0.71 (95%CI 0.48–1.06). The comparison between the 

lowest and highest quartile of watching TV show an increase in the risk of 

developing GDM aOR= 1.51 (95% CI 1.93-2.45). When the joint effect of light 

to moderate physical activity, vigorous physical activity, and watching TV was 

analysed, results show that women who spent less time in light to moderate 

physical activity and more time on watching TV, as well as women who spent less 

time in vigorous physical activity and more time on watching TV, were more likely 

to develop GDM during pregnancy, aOR=1.76 (95%CI 1.14-2.71) and aOR=1.62 

(95%CI 0.86-3.05), respectively (Table 9). This approach allows us to understand 

that the prevention of gestational diabetes depends not only on introducing 

physical activity interventions into the routine of pregnant women, but also on 

eliminating sedentary behaviour.  

2.3 Substitution of watching TV by light to moderate and 

vigorous physical activity before and during pregnancy. 

The replacement of 1 hour/week of watching TV by 1 hour/week of 

vigorous physical activity during pregnancy was associated with an aOR=0.66 

(95%CI 0.43–1.00, p=0.049) in the multivariable adjusted model. Replace 1 

hour/week TV watching by light to moderate physical activity did not seem to 

decrease the risk of GDM (Table 10).  Sensitivity analyses were conducted for 

women with BMI <30, and women without family diabetes mellitus antecedents, 

no substantial change was observed (Table 11).  
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Table 10. Association between leisure time physical activity, watching TV before and during pregnancy on the risk of GDM. 

 Before pregnancy During pregnancy 
 Controls/GDM cases aOR (95%CI)a Controls/GDM cases aOR (95%CI)b 

LMPA (hours/week)     

For each hour  0.97 (0.93–1.02)  1.00 (0.96–1.05) 
0  389/112 Reference 310/85 Reference 
>0 – ≤ 1  214/38 0.58 (0.37–0.92) 278/44 0.58 (0.38–0.91) 
>1 – ≤ 3.75  284/78 0.85 (0.58–1.24) 319/90 0.97 (0.66–1.42) 

>3.75  288/62 0.60 (0.40–0.90) 268/71 0.94 (0.62–1.42) 

VPA (hours/week)     

For each hour  0.95 (0.87–1.05)  0.71 (0.48–1.06) 
0  855/222 Reference 1065/270 Reference 
> 0 – ≤ 2.5  196/49 1.02 (0.68–1.51) 90/21 1.03 (0.59–1.80) 
≥ 2.5  124/20 0.82 (0.47–1.40) 20/0 – 
Watching TV (hours/week)     

For each hour  1.00 (0.99–1.02)  1.02 (1.00–1.03) 
≥ 0 – ≤ 6  209/54 Reference 426/77 Reference 
>6 – ≤ 12.25  356/75 0.88 (0.56–1.38) 422/106 0.90 (0.55–1.47) 

>12.25 – ≤ 14  333/78 0.95 (0.61–0.50) 56/13 1.05 (0.64–1.70) 

>14  277/84 1.10 (0.69–1.77) 271/94 1.51 (1.93–2.45) 

Joint effect LMPA–watching TV     
High LMPA–low watching TV  451/108 Reference 429/103 Reference 
High LMPA–high watching TV  121/32 0.98 (0.59–1.66) 158/43 1.15 (0.72–1.84) 
Low LMPA–low watching TV  447/98 1.09 (0.77–1.54) 419/80 0.84 (0.58–1.21) 
Low LMPA–high watching TV  156/52 1.45 (0.91–2.29) 169/64 1.76 (1.14–2.71) 

Joint effect VPA–watching TV     
High VPA–low watching TV  266/57 Reference 89/17 Reference 
High VPA–high watching TV  54/12 0.86 (0.39–1.90) 217/4 0.77 (0.19–3.11) 
Low VPA–low watching TV  632/149 0.99 (0.67–1.44) 759/166 0.99 (0.54–1.80) 
Low VPA–high watching TV  223/72 1.24 (0.78–1.97) 306/103 1.62 (0.86–3.05) 
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GDM, Gestational Diabetes Mellitus; LMPA, light to moderate physical activity; VPA, Vigorous Physical Activity. 
aAdjusted for maternal age, BMI, educational level, smoking before pregnancy, GDM antecedent, Mediterranean diet adherence before pregnancy 
and energy intake before pregnancy. Additionally, light to moderate and vigorous physical activity was adjusted by watching TV and watching TV by 
both intensities of physical activity. 
bAdjusted for maternal age, BMI, educational level, smoking during pregnancy, GDM antecedent, Mediterranean diet adherence and energy intake 
during pregnancy.  Additionally, light to moderate and vigorous physical activity was adjusted by watching TV and watching TV by both intensities 
of physical activity. 
 
 
 

 
Table 11. Substitution of 1 hour/week of watching TV with 1 hour/week of physical activity for GDM. 

 Before pregnancy During pregnancy 

 aOR 95%CIa p-value aOR 95%CIb p-value 

LMPA replacement 0.97 (0.93–1.02) 0.227 0.99 (0.95–1.04) 0.724 
VPA replacement 0.95 (0.87–1.05) 0.328 0.66 (0.43–1.00) 0.049 
LMPA, light to moderate physical activity; VPA, Vigorous Physical Activity. 
aAdjusted for maternal age, BMI, education level, smoking before pregnancy, GDM antecedents, Mediterranean diet adherence and energy 
intake before pregnancy. 
bAdjusted for maternal age, BMI, education level, smoking during pregnancy, GDM antecedents, Mediterranean diet adherence and energy 
intake during pregnancy.  
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Table 12. Sensitivity analysis for the substitution of 1 hour/week of watching TV with 1 hour/week of light to moderate or vigorous physical 
activity for GDM risk 

Controls/GDM cases 
Before pregnancy During pregnancy 

OR 95%CIa p–value OR 95%CIb p–value 
Excluding women 
with family 
antecedents of 
diabetes mellitus 

875/156 
LMPA replacement 1.01 (0.96–1.07) 0.673 1.04 (0.98–1.10) 0.161 

VPA replacement 0.95 (0.83–1.09) 0.482 0.73 (0.44–1.20) 0.222 

Excluding women 
with BMI ≥ 30 1053/198 

LMPA replacement 0.99 (0.94–1.04) 0.779 1.00 (0.95–1.05) 0.902 

VPA replacement 0.96 (0.87–1.06) 0.440 0.63 (0.39–1.00) 0.053 
GDM, Gestational Diabetes Mellitus; LMPA, Light to moderate Physical activity; VPA, Vigorous Physical Activity 
aAdjusted for potential confounders maternal age, BMI, educational level, smoking before pregnancy, GDM antecedent, Mediterranean diet 
adherence and energy intake before pregnancy. 
bAdjusted for potential confounders maternal age, BMI, educational level, smoking during pregnancy, GDM antecedent Mediterranean diet adherence 
and energy intake during pregnancy.  
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3. Third objective. Estimate the strength of the association between 

POPs exposure and GDM in a systematic review with meta-analysis. 

The results of this objective are detailed bellow and were accepted on An 

International Journal of Obstetrics & Gynaecology (Impact Factor:  5.8; Percentile 88) 

as a review titled “Persistent Organic Pollutant exposure as a risk factor of 

Gestational Diabetes Mellitus: A systematic review and meta-analysis.” 

3.1 Literature search and study characteristics 

The initial database search yielded 161 studies (PubMed n = 48; Web of 

Science n = 69; Scopus n = 44). A total of 78 duplicate records were removed.  

Accordingly, 83 studies were assessed for eligibility by title and abstract screening 

and 19 were selected for full text assessment. Six studies were excluded for the 

following reasons: the outcome was not GDM (n=3) (131–133), the assessed 

exposure was not POPs (n=1) (134), the exposure was not measured at the 

beginning of pregnancy (n=1) (135), and women already diagnosed with GDM 

(n=1) (136). Thus, 13 studies that met the inclusion criteria were selected and one 

additional study was identified by hand searching reference lists. Two records were 

added after the last update (137,138). Finally, 17 records were included in this 

systematic review (Figure 6).  

Of the 16 included studies, 75% (n=12) had a cohort design while 18.75% 

(n=3) were nested case-control studies. Eight studies were performed in China, 

five in the United States, and one in Spain, Greece, and Canada. Four studies were 

derived from the Xicheng hospital cohort (139–142) and three from the Life 

cohort (143–145). The sample size median and interquartile rang was of cases and 

control groups was 77 (53 to 135) and 258 (154 to 1161) respectively. The 

exposure level of POPs was measured mostly on serum samples 68.75% (n=11) 
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(137–147), the plasma was used in 25% of studies (n=4),(148–151) and only one 

study used two types of biological samples; serum such as plasma (152).  

Different criteria were employed for GDM screening. In eight studies. 

(137–142,146,148), Carpenter and Coustan in three studies (147,149,150). The 

National Diabetes Data Group was used only one time (151). One study screened 

GDM using two criteria; Canadian Diabetes Association and Society of 

Obstetricians and Gynecologists of Canada (152). Whereas, GDM diagnostic was 

self-reported in the three studies from Life cohort (144,145,153). GDM diagnosis 

was self-reported (143–145).  The association between POPs and GDM was 

reported on different scales; OR, log transformed OR, log10-unit change OR, ln-

unit change OR, risk ratio per each unit of increase of SD and OR across quartiles 

and terciles categories (Table 12).  

 
Figure 6. Flow diagram for the search criteria
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Table 13. Characteristics of the included studies assessing the association between different POPs and GDM. 

Article ID 
and 
country  

Study 
design  

Sam
ple 
size  

Bio  
specimen  

GDM 
screening 

Eligibility  
criteria 

Participant  
characteristics 

POPs categories Measurement 
techniques 

Adjusting  
variables 

Exposure  
contrast 

Zhang et 
al., 2023 

Case 
control 

204 Serum OGTT 
(IADPSG) 

Pregnant women were 
screened for GDM at 
24–28 weeks of 
gestation, without a 
history of diabetes 
mellitus or pre-existing 
chronic medical 
conditions: chronic 
hypertension, 
hypothyroidism, and 
chronic kidney disease 

Age mean±SD for 
GDM, 34.4 ± 4.6 
years and non-GDM 
30,9 ± 4,6 years. Pre-
pregnancy BMI for 
GDM: 26.8 ± 4.2 
kg/m2 and non-
GDM 30,4 ± 
2,9kg/m2. 
Primiparous: GDM, 
103 (76,3%) and 
non-GDM 54 
(78,3%) 

 

PFAS (PFBA, 
PFPeA, PFHxA, 
PFHpA, PFOA, 
PFNA, PFDA, 
PFUnA, 
PFDoA, PFTrA, 
PFTeA, PFBS,  
PFHxS, PFOS, 
6:2 Cl-PFESA, 
8:2 Cl-PFESA, 
PFOSA) 

Liquid 
chromatograp
hyWaters 
ACQUITY 
UPLC system/ 
tandem mass 
spectrometry 
MS/MS; 
XEVO_TQS 

Maternal age, 
weeks of 
gestation at 
delivery, BMI, 
pregnancy times, 
parity, 
educational level, 
career type, 
blood lipids, 
smoking and 
alcohol 
consumption 
during 
pregnancy, fetal 
sex, and fetal 
weight. 

OR (95% CI) 
per tercils 

 

Zang et al., 
2023 

Nested 
case-
control 

590 Serum 
OGTT 

(IADPSG) 

Age ≥ 20 years, planned 
to seek antenatal care 
and planned to deliver at 
the study hospital. 
Excluded women with 
pre-pregnancy diabetes 
mellitus, history of 
related diseases or family 
history of diabetes 

Age mean±SD for 
GDM 31.6 (3.77) 
and non-GDM, 31.5 
(3.65) years. Pre-
pregnancy BMI for 
GDM range (<18.5) 
59.7% and non-
GDM 73.6%. 

PFAS (PFBA, 
PFPeA, PFHxA, 
PFHpA, PFOA, 
PFNA, PFDA, 
PFUnDA, 
PFDoDA, 
PFBS, PFPeS, 
PFHxS, PFHpS, 
PFOS, 6:2 
PFESA, 8:2 
PFESA) 

High-
performance 
liquid 
chromatograp
hy-isotope 
dilution 
tandem mass 
spectrometry 
UPLC-
MS/MS 

Maternal age, 
pre-pregnancy 
BMI, education, 
smoking, alcohol 
drinking, 
previously 
spontaneous 
abortion, 
pregnancy mode, 
ethnicity, parity, 
sampling time, 
and serum lipids 

OR (95% CI) 
per quartiles 
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(triglyceride and 
total cholesterol) 

Yu et al., 
2021 
(China) 
(148) 

Cohort 
(Shangai 
birth 
cohort) 

2747 Plasma OGTT 
(IADPSG) 

 

Age ≥ 20 years, without 
previous GDM, 
registered Shanghai 
resident, planned to seek 
prenatal care and give 
birth at the collaborative 
hospitals 

Age mean±SD, 
29.1±3.7; 63.7% Pre-
pregnancy BMI 
(18.5-23.9); 80% 
nulliparous 

PFAS (PFOS, 
PFOA, PFNA, 
PFDA, 
PFUnDA, 
PFHxS, PFDoA, 
PFBS, PFHpA, 
PFOSA) 

 

High-
performance 
liquid 
chromatograp
hy/tandem 
mass 
spectrometry 
HPLC/MS-
MS 

Maternal age, 
pre-pregnancy 
BMI, maternal 
education, 
smoking status, 
parity, physical 
activity, and 
economic status 

 

OR (95% CI) 
per log-
transformed 
concentration 

Liu et al., 
2021 
(China) 
(139) 

Nested 
case-
control 
study 
(Xicheng 
hospital 
cohort) 

231 Serum OGTT 

(IADPSG) 

Healthy pregnant 
women, without 
prediabetes or familiar 
history of diabetes 

Age GM and range, 
GDM: 28.8 (23.0-
37.0) and non-
GDM: 28.8 (21.0-
37.0); GM and range 
Pregnancy BMI, 
GDM: 22.2 (17.3-
29.4) and non GDM: 
21.6 (15.6-32.4)  

PFAS (PFOS, 
PFOA, PFNA, 
PFDA, 
PFUnDA, 
PFHxS, PFHxA, 
PFBA, PFHpA, 
PFPeA), PBDE 
(#28, 47, 99, 
100, 153, 154, 
183), PCB (#28, 
52, 101, 138, 
153, 180) 

Ultra-
performance 
liquid 
chromatograp
hy tandem 
triple-
quadrupole 
mass 
spectrometry 

Pregnancy BMI, 
serum 
triglyceride and 
total 
cholesterol, (Mat
ernal age was 
used as a 
matched pair 
factor) 

OR (95% CI) 
per WQS (sum 
of Weighted 
Quartile Index 
for 24 POPs 
components)  

Preston et 
al., 2020 
(USA) 
(149) 

Cohort 
(Project 
Viva) 

1540 Plasma GCT 

(Carpenter 
and 
Coustin) 

Singleton pregnancy, at 
22 weeks gestation or 
less at the time of 
enrollment, spoke 
English and without 
prior history of type 1 or 
type 2 diabetes mellitus 

Age mean±SD: 
31.9±5.1, 
prepregnany BMI 
mean±SD: 25.0±5.5, 
50% nulliparous and 
68% never Smook  

PFAS (PFOS, 
PFOA, PFHxS, 
PFNA, 
EtFOSAA, 
MeFOSAA, 
FOSA) 

High 
performance 
liquid 
chromatograp
hy (HPLC) 

Maternal age, 
pre-pregnancy 
BMI, prior 
history of 
GDM/parity, 
race/ethnicity, 
smoking, and 
education 

OR (95% CI) 
per quartiles 
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Xu et al., 
2020 
(China) 
(146) 

Nested 
case-
control 
study 

495 Serum OGTT 

(IADPSG) 

Healthy pregnant 
women, without history 
of diabetes mellitus, 
multiple birth or chronic 
disease 

Age mean±SD, 
GDM: 29.7±3.1 and 
non-GDM: 29.4±3.0; 
IMC ≥ 24, GDM: 
10.9% and non-
GDM: 7.9% 

PFAS (PFOA, 
PFOS, PFBS, 
PFDoA, PFUA, 
PFDA, PFHpS, 
PFNA, PFHxS, 
PFDS, PFHpA, 
PFOSA) 

Ultra-
performance 
liquid 
chromatograp
hy/quadrupole 
time-of-flight 
mass 
spectrometry 

Maternal age, 
sampling time, 
parity, BMI, 
educational level, 
and serum lipids 
(tri-glyceride and 
total cholesterol) 

 

OR (95% CI) 
per log-
transformed 
concentration 
and per 
quartiles 

Rahman et 
al., 2019 
(USA) 
(150) 

Cohort  2292 Plasma GCT/ 

OGTT 

(Carpenter 
and 
Coustin) 

Age 18-40 years. < 13 
GW, Singleton 
pregnancy. Women with 
IMC > 30kg/m2, 
Smoking the past 6 
months, consuming 
alcohol, and with past 
pregnancy complications 
or others medical 
conditions were 
excluded 

  

Low risk women, 
Age mean±SD 
28.2±5.5; 30 > IMC 
≥ 25: 752 (32.8%); 
Nulliparous 1129 
(49.3%) 

PFAS (PFDA, 
PFDoDA, 
PFHpA, PFHxS, 
PFNA, PFOA, 
PFOS,PFUnDA
) PCBs (Di-PCB, 
Tri-CB, Tetra-
CB, Penta-CB, 
Hexa-CB, 
Hepta-CB, Octa-
CB, Nona-CB, 
Deca-CB)a, 
PBDE (#28, 47, 
99, 100, 153, 
154, 209), OCPs 
(ɣ-HCH, HCB, 
DDTs, 
Oxychlordane, 
Transchlordane, 
Transnanochlor, 
Mirex) 

OCPs (GC-
DFS)b 

/PBDEs (GC-
MSD)c/ PCBs 
(HRGC-MS)d/ 
PFAS (UPLC-
MS)e 

Maternal age, 
BMI, education, 
parity, 
race/ethnicity, 
family history of 
DM2, serum 
cotinine level, 
and serum total 
lipids. (PFAS 
were not 
adjusted for 
serum total 
lipids) 

 

 

RR (95% CI) 
for each unit 
of increase of 
SD 

Liu et al., 
2019 

Cohort 
(Xicheng 

189 Serum OGGT/ 
PFB 
(IADPSG) 

Pregnant women in the 
1th trimester of 
pregnancy, without 

Age mean±SD 
29.3±2.9; pregnancy 

PFAS (PFOS, 
PFOA, PFNA, 
PFBA, PFPeA, 

Ultra-
performance 
liquid 

BMI in early 
pregnancy, fetal 
sex, and serum 

OR (95% CI) 
per ln-unit 
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(China) 
(140) 

hospital 
cohort) 

previous history and a 
family history of diabetes 

 

BMI mean±SD: 
21.9±2.8  

PFHxA, 
PFHpA)  

chromatograp
hy tandem 
triple-
quadrupole 
mass 

triglyceride and 
total cholesterol 
(pair matched 
design by 
maternal age) 

 

change and 
tercile level 

Liu et al., 
2018 
(China) 
(141) 

Cohort 
(Xicheng 
hospital 
cohort) 

231 Serum OGGT/ 

PFB  

(IADPSG) 

Primipara healthy 
pregnant women at 1th 
trimester of pregnancy, 
without previous history 
and a family history of 
diabetes 

Age mean±SD, 
GDM: 28.9 ±4.6, 
non-GDM: 28.9±2.8; 
BMI > 24 kg/m2, 
GDM: 26%, non 
GDM: 15.6%  

PBDE (#28, 47, 
99, 100, 153, 
154, 183) 

Gas 
chromatograp
hy high 
resolution 
mass 
spectrometry 
(GC-HRMS) 

Pregnancy BMI, 
serum 
triglycerides and 
total cholesterol. 
(Age are 
matched 
between cases 
and controls) 

 

OR (95% CI) 
for log-
transformed 
concentration 
in a single and 
multiple 
model. OR 
(95% CI) per 
quantiles 

Zhang et 
al., 2018 
(China) 
(142) 

Cohort 
(Xicheng 
hospital 
cohort) 

154 Serum OGTT 

(IADPSG) 

Primiparous healthy 
pregnant women at 1th 
trimester of pregnancy, 
without previous history 
and a family history of 
diabetes 

Median (IQR), age: 
29.0 (27.0,31.0). BMI 
GDM: 21.6 (20-24.1) 
and BMI non-GDM 
:21.3 (19.8,23.1) 

PCBs (#28, 52, 
101, 138, 153, 
180) 

Gas 
chromatograp
hy high 
resolution 
mass 
spectrometry 
(GC-HRMS) 

BMI in early 
pregnancy, 
ethnic group, 
parity, maternal 
drinking, 
tobacco usage 
during 
pregnancy, and 
serum levels of 
lipids. (Pair 
matched design 
by age) 

 

OR (95% CI)  
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Santander 
et al., 2017 
(Spain) 
(151) 

 

Cohort 
(INMA) 

1214 Plasma OGTT  

(NDDG) 

Age ≥16 years, no 
assisted reproduction, a 
singleton pregnancy, 
intention to deliver at the 
reference hospital, and 
no communication 
handicap. 

Age mean±SD: 
31.9±4.0; 60.7% had 
none Breastfeeding 
history; normal 
weight Prepreganacy 
BMI: 69.2%; 
Overweight 
Prepreganacy BMI: 
18.5% 

PFAS (PFAS, 
PFOS, PFOA, 
PFNA, PFHxS) 

Column-
switching 
high-
performance 
liquid 
chromatograp
hy (HPLC) 
coupled to 
mass 
spectrometry 
(LC/MS/MS) 

Country of birth, 
age, pre-
pregnancy BMI, 
parity, previous 
breastfeeding 
duration, 
gestational week 
at blood 
extraction, 
physical activity, 
relative 
Mediterranean 
Diet Score. 

 

OR (95% CI) 
per log10 unit 
increase and 
per quartiles 

Vafeiadi et 
al., 2017 
(Greece)(1
47) 

Cohort 
(Rhea) 

939 Serum OGTT 

(Carpenter 
and 
Coustan) 

Age ≥ 16 years. 
Understanding of the 
Greek language. Without 
prior history of diabetes.  

 

Age mean±SD, 
GDM: 31±4.6 and 
non-GDM: 29.3±SD 
5.1 (0.001); Pre-
pregnancy BMI 
mean±SD: GDM 
26.2±6.2 and non-
GDM 24.2±4.7, 
(0.001) 

PCBs (#118, 
138, 153, 156, 
170, 180), BDE-
47, OCPs (HCB, 
p,p'-DDT and 
p,p'-DDE) 
 

Gas 
chromatograp
h triple 
quadrupole 
mass 
spectrometer 
(GC-MS/MS) 

Gestational, 
maternal age, 
pre-pregnancy 
BMI, parity, 
maternal 
educational level, 
smoking during 
pregnancy, 
gestational 
weight gain and 
maternal serum 
triglycerides and 
cholesterol 

 

OR (95% CI) 
per log10 unit 
increase and 
per 
contamination 
terciles defined 
as (low, middle 
and high)  

Shapiro et 
al., 2016 

Cohort 
(MIREC
) 

1146 Urine 
sample for 
OCPs 

OGTT/ 
GCT 

Age ≥ 18 years, ability to 
consent and 
communicate in English 

Age ≥ 35: 40.4%, 
age 30-34: 35%; BMI 

PFAS (PFOA, 
PFOS, PFHxS), 
(PCBs (#118, 

PCBs and OC 
(Gas 
chromatograp

Maternal age, 
race, pre-
pregnancy BMI 

OR (95% CI) 
per quartiles 
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(Canada) 
(152) 

(DDTs 
and HCB) 
measurem
ent. 
Plasma 
sample for 
PCBs 

(CDA and 
SPGC) 

or French, < 14 GW, 
without fetal 
abnormalities 
antecedents or history of 
medical complications. 
Planning on delivering at 
a local hospital.  

< 25: 59%, BMI ≥ 
30: 15% 

138, 153, 180), 
OCPs 
(p,p'DDE, 
oxychlordane, 
trans-nonachlor 
DEP, DMP, 
DMTP) 

 

 

hy mass 
spectrometry)/ 
PFAS (Waters 
Acuity UPLC-
MS-MS) 

and education; 
analyses for 
organophosphor
us pesticide 
metabolites are 
additionally 
adjusted for 
urinary specific 
gravity; analyzes 
for PCBs and 
organochlorine 
pesticides are 
additionally 
adjusted for total 
lipids. 

 

Jaacks et 
al., 2016 
(USA) 
(153) 

Cohort 
(Life) 

258 Serum Self  
report  
 

Age 18-49, married or in 
a committed 
relationship, self-
reported menstrual 
cycles within the range 
of 21-42 days, no 
hormonal birth control 
injections in the past 
months, and English or 
Spanish speaking 

Pre-pregnancy age 
mean±SD, GDM: 
30.2±2.9 and non-
GDM: 29.6±3.8; 
Pre-pregnancy BMI 
mean±SD GDM: 
27.0±4.6 and non-
GDM 26.1±6.4 

PCBs (#153, 28, 
44, 66, 74, 99, 
101, 105, 110, 
114, 118, 138, 
146, 153, 146, 
153, 156, 157, 
167, 170, 172, 
177, 178, 178, 
180, 183, 187, 
194, 195, 196, 
201, 206, 209), 
PBB 153 

High-
performance 
gas 
chromatograp
hy high 
resolution 
mass 
spectrometry 

Total serum 
lipids, age, and 
waist-to-height 
ratio 

 

OR (95% CI) 
between 
maternal 
serum POPs 
and GDM 

Smarr et 
al., 2016 
(USA) 
(144)  

Cohort 
(Life) 

258 Serum Self 
report  

Age 18-40; no physician 
diagnosis of 
infertility/sterility; 
menstrual cycles between 
21 and 42 days 

Age mean±SD 
29.68±3.70, BMI 
mean±SD 
26.17±6.29. 
Difference was not 

OCPs (HCB, 
HCH, o,p'-
DDT, p,p'-
DDE, p,p'-
DDT, Mirex, 

Isotope 
dilution gas 
chromatograp
hy high 
resolution 

Serum lipids, 
age, BMI, non-
white race, 
smoking, and the 
sum of 

OR (95% CI) 
between 
maternal 
serum POPs 
and GDM 
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consistent with use of a 
fertility monitor to help 
achieve pregnancy. Have 
not received injectable 
hormonal contraceptive, 
Ability to communicate 
in English or Spanish 

significant between 
cases and controls. 

Oxychlordane, 
trans-
Nonachlor), 
PBDEs (#17, 
28, 47, 66, 85, 
99, 100, 153, 
154, 183)  

mass 
spectrometry 

remaining 
chemicals in the 
relevant class of 
compounds 

 

Zhang et 
al., 2015 
(USA) 
(145) 

Cohort 
(Life) 

258 Serum Self  
report 

Age 18-40 years, in a 
committed relationship, 
menstrual cycle length 
between 21-42 days, no 
injectable contraceptives 
within 12 months, 5) off 
contraception for < 2 
months, no physician 
diagnosed infertility and 
able to communicate in 
English or Spanish 

Age mean±SD 
29.7±3.7. BMI 
(18.5,24.9): 52.3% 
and BMI (25.0,29.9): 
27.5% 

PFOS (PFOA, 
PFOS, PFDeA, 
PFNA, PFOSA, 
Et-PFOSA- 
AcOH, Me-
PFOSA-AcOH) 

 

Isotope 
dilution high-
performance 
liquid-
chromatograp
hy-tandem 
mass 
spectrometry 

Age, BMI, parity 
conditional on 
gravidity, 
race/ethnicity, 
and smoking 

 

OR (95% CI) 
between 
maternal 
serum POPs 
and GDM 
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3.2 Risk of bias of included studies  

The methodological quality of the studies included in this systematic 

review and meta-analysis was assessed by two authors independently using the 

QUIPS risk of bias assessment tool (72). Accordingly, only one study showed a 

low risk of bias, 68.75% (n=11) were classified as moderate risk of bias and 25% 

(n=4) were at high risk of bias.  

The Figure 7 show the estimated risk of bias for each of the domains 

assessed by QUIPS. Weaknesses were related to limited reporting of study attrition 

details in 81.25% (n=13), exposure factor measurement in 31.25% (n=5), outcome 

measurement in 25% (n=4), and study confounding in 12% (n=3). 

A weighted kappa was calculated for the six domains, and inter-rater 

agreement was substantial (weighted kappa=0.75). 

Publication bias results was reported on figure 8-10. 

Figure 7. Summary of QUIPS assessment applied to the cohort and nested case-control studies included in the systematic 
review and meta-analysis. 
* Manuscript derived from Xicheng hospital cohort 
** Manuscript derived from life cohort. 
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Figure 8. PFAS funnel plot 

 

 
Figure 9. PCBs and PBDE funnel plot 
 

 
Figure 10. OCPs funnel plot 
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3.3 Synthesis of results 

A total of 33 POPs including ten PFAS (140,145,146,148–152), sixteen 

PCBs (142,143,147,150,152), and three OCPs (144,147,150,152) were summarized 

(Table 13-15). The pooled SMD and 95% CI between GDM cases and control 

group was estimated where sufficient combinable data are available for the same 

type of POPs (Figure 11-14).  

Association between PFAS exposure and GDM risk 

A total of eight studies provided risk estimates for PFAS exposure  

(137,138,140,145,146,148–152) (Table 13). Some PFAS such as PFBS, PFDoA, 

PFHpA have been positively associated with the risk of GDM. However, this 

association has been reported in individual studies (146,148). Our meta-analysis 

based on continuous data show a small variance on the PFHpA exposure between 

GDM cases and controls, SMD=0.26 (95% CI 0.17 to 0.35, I2=0.0%) and no 

considerable variance was observed for the rest of PFAS (Figure 11). 

Association between PCBs and GDM risk 

The association between PCBs and GDM was reported on five studies. 

Some PCBs such as PCB 138-153, PCB 156, PCB 167, PCB 170, PCB 180, PCB 

194 show an inverse association with GDM (142,143,147,150,152). However, 

these results were reported only on individual studies (Table 14). Our results show 

a small variance on the PCB180 exposure between GDM cases and controls, 

SMD=0.37 (95% CI 0.19 to 0.56, I2=25.3%). High heterogeneity was observed 

for PCB 138 and PCB 153 (Figure12).   
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Association between PBDE and GDM risk 

The association between PBDE exposure and GDM was reported in three 

studies. Two studies showed a possible association between BDE-47 and BDE-

154 and GDM (141,150). Individual studies stress an association between BDE-

153, BDE 183 (Liu 2018), BDE 154 and GDM (150) (Table 15). Our meta-analysis 

shows a small variance on the BDE47, BDE99 and BDE100 exposure between 

GDM cases and control, 0.23 (95% CI 0.00 to 0.45, I2=0%), 0.36 (95% CI 0.14 

to 0.59, I2=0%) and 0.42 (95% CI 0.19 to 0.64, I2= 0%) (Figure13). 

Association between OCPs and GDM risk 

A total of four studies provided risk estimates for OCPs exposure 

(144,147,150,152) (Table 16). Meta-analysis results between HCB and GDM show 

a small variance on the standardized mean difference between cases and controls 

0.22 (95% CI 0.01 to 0.42, I2=39.6%). No considerable difference was observed 

for p,p’DDE (Figure14). 
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Table 14. Summarized results of the association between PFAS and GDM 

Exposure 
(records number) Article ID Case/control 

sample size 
Median (IQR) 
GDM cases 

Median (IQR) 
control group 

Adjusted exposure 
contrast (95% CI) 

PFAS 
(n=10) PFOA Zhang et al., 2023 135/69 5.22 (2.06-7.01) ng/ml 5.03 (4.00-7.84) ng/ml T2 1.68 (1.31-3-47) 

T3 3.38 (2.16-6.89) 
1.84 (1.26-3.51)d 

 

 Zang et al., 2023 259/259 10.3 (7.94-14.4) ng/ml 
 

9.52 /7.04-12.6) ng/ml 
 

Q2 1.58 (0.89-2.80)  
Q3 2.34 (1.32-4.16)  
Q4 2.37 (1.32-4.26) 
1.68 ( 1.10-2.57)a 

  Yu et al., 2021 325/2422 11.62±5.60 ng/ml 11.55 (5.93) ng/ml 1.11 (0.83,1.50) 

  Xu et al., 2020 165/330 8.19 (3.55-13.19) ng/ml 7.91 (3.51-12.90) ng/ml 

Q2 1.05 (0.45-2.04) 
Q3 1.12 (0.46-2.20) 
Q4 1.20 (0.28-2.21) 
1.51 (0.63-3.84) a 

  Preston et al., 2020 1284/85 NA NA Q2 1.1 (0.5-2.3) 
Q3 1.3 (0.6-2.8) 
Q4 1.4 (0.7-2.9) 

  Rahman et al., 2019 1792 NA NA 0.70 (0.43-1.14) b 

  Liu et al., 2019 63/126 2.47 (1.88-3.27) ng/ml 2.19 (1.71-2.96) ng/ml NA 

  Matilla santander et 
al., 2017 53/1161 2.31 (1.71) c ng/ml 

Q2 1.28 (0.55-3.02) 
Q3 1.35 (0.56-3.23) 
Q4 1.25 (0.50-3.13) 
1.20 (0.61-2.30) d 

  Shapiro et al., 2016 44/1102 1.64 (1.64) e μg/l 1.68 (1.80) e μg/l Q2 0.9 (0.4-2.1) 
Q3 1.0 (0.4-2.2) 
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Q4 0.9 (0.3-2.3) 

  Zhang et al., 2015 28/230 3.94 (3.15-4.93) f ng/ml 3.07 (2.83-3.32) f ng/ml 1.86 (1.14-3.02) g 

 PFOS Zhang et al., 2023 135/69 7.53 (5.00-9.98) ng/ml 7.44 (6.7.70-8.52) ng/ml 
T2 0.47 (0.20-1.80) 
T3 1.60 (0.64-3.99) 
1.37 (0.19-3.78) d 

 

  Zang et al., 2023 259/259 6.11 (4.15-9.50) ng/ml 6.38 (4.07-10.4) 
Q2 1.34 0.79-2.25)    
Q3 1.21 (0.73-1.99)  
Q4 0.82 (0.46-1.43) 
1.02 (0.78-1.35)a 

  Yu et al., 2021 325/2422 9.41±7.32 ng/ml 9.40 (6.90) ng/ml 1.10 (0.88,1.36) 

  Xu et al., 2020 165/330 6.69 (3.24-9.42) ng/ml 6.45 (3.11-9.20) ng/ml 
Q2 0.69 (0.34-2.07) 
Q3 0.72 (0.48-1.90) 
Q4 1.07 (0.51-1.32) 
0.61 (0.42-1.65) a 

  Preston et al., 2020 1284/85 NA NA Q2 1.1 (0.5-2.4) 
Q3 1.0 (0.5-2.2) 
Q4 1.5 (0.7-3.0) 

  Rahman et al., 2019 1792 NA NA 0.86 (0.60,1.23) b 
  Liu et al., 2019 63/126 4.70 (3.01-6.34) ng/ml 4.15 (2.71-6.37) ng/ml NA 

  Matilla santander et 
al., 2017 53/1161 5.77 (1.61) a ng/ml 

Q2 1.89 (0.77-4.64) 
Q3 1.54 (0.61-3.87) 
Q4 2.07 (0.93-6.18) 
2.40 (0.93-6.18) d  
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  Shapiro et al., 2016 44/1102 4.74 (1.67) e μg/l 4.85 (1.81) e μg/l Q2 0.6 (0.3-1.6) 
Q3 1.1 (0.5-2.5) 
Q4 0.7 (0.3-1.7) 

  Zhang et al., 2015 28/230 13.10 (10.52-16.33) f 
ng/ml 

12.04 (11.12-13.05) f 
ng/ml 1.13 (0.75-1.72) g 

 PFNA Zang et al., 2023 259/259 6.11 (4.15, 9.50) ng/ml 6.38 (4.07-10.4) 

Q2 1.34 (0.79-2.25)    
Q3 1.21(0.73-1.99) 
Q4 0.82 (0.46-1.43) 
1.02 (0.78-1.35)a 

  Yu et al., 2021 325/2422 1.61±1.08 ng/ml 1.65 (1.07) ng/ml 1.03 (0.81, 1.30) 

  Xu et al., 2020 165/330 0.77 (0.20-1.91) ng/ml 0.83 (0.21-1.94) ng/ml 
Q2 1.01 (0.57-2.04) 
Q3 1.14 (0.60-1.90) 
Q4 0.71 (0.43-1.35) 
1.11 (0.49-2.85) b 

  Preston et al., 2020 1284/85 NA NA Q2 1.4 (0.8-2.6) 
Q3 0.8 (0.4-1.9) 
Q4 1.0 (0.5-2.0) 

  Rahman et al., 2019 1792 NA NA 0.80 (0.50-1.27) b 

  Liu et al., 2019 63/126 0.50 (0.37-0.59) ng/ml 0.43 (0.32-0.57) ng/ml NA 

  Matilla santander et 
al., 2017 53/1161 0.64 (1.75) a ng/ml 

Q2 1.01 (0.62-2.23) 
Q3 1.27 (0.59-2.73) 
Q4 0.70 (0.28-1.75) 
0.85 (0.40-1.80) d 

  Zhang et al., 2015 28/230 1.23 (0.99-1.52) f ng/ml 1.20 (1.12-1.30) f ng/ml 1.06 (0.70-1.60) g 
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 PFDA Zhang et al., 2023 135/69 0.48 (0.33-0.57) ng/ml 0.48 (0.35-0.62) ng/ml 
T2 0.86 (0.39-1.59) 
T3 1.29 (0.41-2.71) 
1.07 (0.32-1.63)d 
 

  Zang et al., 2023 259/259 1.31 (0.94,2.03) ng/ml 1.27 (0.87-1.84) ng/ml 

Q2 0.91 (0.53-1.56)   
Q3 1.40 (1.84-2.32) 
Q4 1.20 (0.69-2.06) 
1.13 (1.86-1.48) a 

  Yu et al., 2021 325/2422 1.56±1.30 ng/ml 1.71 (1.38) ng/ml 0.95 (0.78-1.16) 

  Xu et al., 2020 165/330 1.46 (0.90-2.27) ng/ml 1.53 (0.93-2.31) ng/ml 
Q2 0.71 (0.29-1.46) 
Q3 1.01 (0.42-2.71) 
Q4 1.14 (0.53-2.07) 
0.81 (0.21-2.01) a 

  Rahman et al., 2019 1792 NA NA 0.72 (0.39-1.32) b 

  Liu et al., 2019 63/126 0.36 (0.29-0.51) ng/ml 0.35 (0.25-0.48) ng/ml NA 

 PFBS Zhang et al., 2023 135/69 0.36 (0.26-0.48) ng/ml 0.36 (0.31-0.51) ng/ml 
T2 0.64 (0.34-1.41)     
T3 1.28 (0.69-2.12)   
1.54 (0.19-3.04) d 

  Zang et al., 2023 259/259 1.03 (0.64-1.71) ng/ml 0.95 (0.64-1.69) ng/ml 

Q2 0.18 (0.68-2.02)  
Q3 1.09 (0.65-1.82)  
Q4 1.03 (0.61-1.73) 
1.03 (0.82-1.29)a 

  Yu et al., 2021 325/2422 0.045±0.05 ng/ml 0.035 (0.05) ng/ml 1.23 (1.05-1.44) 
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  Xu et al., 2020 165/330 0.17 (0.09-0.26) ng/ml 0.13 (0.07-0.24) ng/ml 
Q2 1.23 (1.02-1.99) 
Q3 1.30 (1.25-2.17) 
Q4 1.97 (1.09-3.42) 
1.69 (1.20-2.01) a 

  Liu et al., 2019 63/126 0.005  
(<lod-0.006) ng/ml 

0.005 
(<lod-0.006) ng/ml NA 

 PFUnDA Zang et al., 2023 259/259 0.02 (0.01-0.04) ng/ml 0.02 (0.01-0.04) ng/ml 

Q2 0.98 (0.57-1.69)  
Q3 1.35 (0.79-2.30)  
Q4 0.90 (0.52-1.54) 
1.12 (0.84-1.49)a 

  Yu et al., 2021 325/2422 1.27±1.03 ng/ml 1.40 (1.10) ng/ml 0.91 (0.74-1.12) 
  Rahman et al., 2019 1792 NA NA 0.66 (0.37-1.19) b 

  Liu et al., 2019 63/126 0.33 (0.26-0.50) ng/ml 0.31 (0.21-0.43) ng/ml NA 

 PFHxS Zhang et al., 2023 135/69 0.45 (0.40-0.58) 0.43 (0.26-0.65) 
T2 2.09 (0.91-4.85) 
T3 3.46 (1.64-6.30) 
1.33 (1.72-3.48)d 

  Zang et al., 2023 259/259 0.87 (0.56,1.37) ng/ml 0.86 (0.58-1.40) ng/ml 

Q2 0.83 (0.50-1.39)  
Q3 0.90 (0.53-1.52) 
Q4 0.95 (0.56-1.60) 
1.02 (0.81-1.29)a 

  Yu et al., 2021 325/2422 0.54±0.25 ng/ml 0.53 (0.26) ng/ml 1.15 (0.86-1.54) 

  Xu et al., 2020 165/330 1.33 (0.40-1.95) ng/ml 1.33 (0.41-1.98) ng/ml 
Q2 0.71 (0.25-1.65) 
Q3 0.90 (0.39-2.04) 
Q4 0.81 (0.21-1.64) 
1.09 (0.49-3.01) a  
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  Rahman et al., 2019 1792 NA NA 0.87 (0.52-1.31) b 

  Liu et al., 2019 63/126 0.30 (0.20-0.46) ng/ml 0.28 (0.17,0.45) ng/ml NA 

  Matilla santander et 
al., 2017 53/1161 0.55 (1.96) a ng/ml 

Q2 1.25 (0.51-3.03) 
Q3 1.81 (0.76-4.28) 
Q4 1.15 (0.42-3.12) 
1.58 (0.73-3.44) d 

  Shapiro et al., 2016 44/1102 1.05 (20.3) e μg/l 1.02 (2.31) e μg/l Q2 1.6 (0.7-3.8) 
Q3 1.4 (0.6-3.5) 
Q4 1.2 (0.4-3.5) 

 PFDoA Yu et al., 2021 325/2422 0.14±0.11 ng/ml 0.15 (0.13) ng/ml 0.99 (0.78-1.26) 

  Xu et al., 2020 165/330 0.19 (0.04-0.33) ng/ml 0.08 (0.02,0.28) ng/ml 
Q2 0.77 (0.50-1.78) 
Q3 1.99 (1.10-3.23) 
Q4 13.02(4.71-27.28) 
2.49 (1.07-3.72) a 

 PFDoDA Zang et al., 2023 259/259 0.08 (0.06-0.09) ng/ml 0.08 (0.05-0.11) ng/ml 

Q2 0.98 (0.58-1.65) 
Q3 1.05 (0.61-1.81) 
Q4 0.96 (0.57-1.62) 
0.99 (0.76-1.30)a 

  Rahman et al., 2019 1792 NA NA 0.37 (0.12-1.10) b 

  Liu et al., 2019 63/126 0.05 (0.02-0.07) ng/ml 0.04 (0.01,0.06) ng/ml NA 

 PFHpA Zhang et al., 2023 135/69 0.07 (0.03-0.11) ng/ml 0.07 (0.03-0.12) ng/ml NA 

  Zang et al., 2023 259/259 0.05 (0.02,0.09) ng/ml 0.04 (0.02,0.08) ng/ml Q2 1.18 (0.70-1.99)  
Q3 1.05 (0.62-1.78)  
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Q4 1.27 (0.76-2.11) 
1.10 (0.89-1.37)a 

  Yu et al., 2021 325/2422 0.061±0.06 ng/ml 0.054 (0.04) ng/ml 1.25 (1.07-1.46) 
  Rahman et al., 2019 1792 NA NA 0.99 (0.75-1.31) 
  Liu et al., 2019 63/126 0.02 (<lod-0.03) ng/ml 0.01 (<lod-0.03) ng/ml NA 
NA: not available. Q: quartile. T: tertile 
a Odds ratio per each log PFAS exposure. 
b Participant without family history of T2D, RR for each unit of increase of SD. 
c Geometric mean (Geometric standard deviation) PFOS concentration for all pregnant women in INMA birth cohort. 
d Odds ratio per log10-unit increase. 
e Geometric mean (SD). 
f Geometric mean (95% CI). 
g Odds ratio per unit of increase of SD (0.43- 0.32 and 0.55 for PFOA- PFNA and PFOS, respectively).  
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Table 15. Summarized results of the association between PFAS and GDM 

Exposure 
(records number) Article ID Case/control 

sample size 
Median (IQR) 
GDM cases 

Median (IQR) 
control group 

Adjusted exposure 
contrast (95% CI) 

PCBs 
(n=5) PCB28 Zhang et al., 2018 77/154 12.2 (9.8-16.9) pg/ml 11.5 (8.8-15.6) pg/ml 1.86 (1.05-3.27) a 

  Jaack et al., 2016 258 NA NA 0.90 (0.24-1.49) 

 PCB44 Rahman et al., 2019 1792 NA NA 1.03 (0.77-1.39) b 

  Jaack et al., 2016 258   0.88 (0.24-3.23) 

 PCB99 Rahman et al., 2019 1792 NA NA 1.02 (0.79-1.31) b 

  Jaack et al., 2016 258 NA NA 0.78 (0.48-1.29) 

 PCB101 Zhang et al., 2018 77/154 1.4 (1.0-1.8) pg/ml 1.0 (0.7-1.6) pg/ml 1.85 (1.22-2.82) a 

  Jaack et al., 2016 258 NA NA 1.00 (0.69-1.47) 

 PCB110 Rahman et al., 2019 1792 NA NA 1.07 (0.75-1.52) b 

  Jaack et al., 2016 258 NA NA 0.82 (0.46-1.46) 

 PCB118 Vafeiadi et al., 2017 68/871 19.8±12.1 pg/ml 16.0 (11.8) pg/ml NA 

  Shapiro et al., 2016 44/1102 0.014 (2.091) c μg/l 0.014 (2.057) c μg/l 
Q2 1.0 (0.4-2.6) 
Q3 0.9 (0.3-2.5) 
Q4 1.4 (0.5-3.5) 

  Jaack et al., 2016 258 NA NA 0.81 (0.51-1.29) 

 PCB138 Zhang et al., 2018 77/154 11.2 (8.5-11.7) pg/ml 11.4 (7.2-14.5) pg/ml 1.51 (0.90-2.53) a 

  Vafeiadi et al., 2017 68/871 143.0 (97.6) pg/ml 113.7 (91.7) pg/ml NA 

  Shapiro et al., 2016 44/1102 0.02 (2.22) c μg/l 0.02 (2.12) c μg/l 
Q2 1.8 (0.7-4.8) 
Q3 1.3 (0.5-3.8) 
Q4 1.5 (0.5-4.2) 



 

67 
 

  Jaack et al., 2016 258 NA NA 0.53 (0.29-0.99) 

 PCB153 Rahman et al., 2019 1792 NA NA 1.01 (0.77-1.32) b 

  Zhang et al., 2018 77/154 15.1 (10.5-24.5) pg/ml 14.7 (10.2-19.9) pg/ml 1.45 (0.88-1.88) a 

  Vafeiadi et al., 2017 68/871 75.0±46.3 pg/ml 60.5 (50.3) pg/ml NA 

  Shapiro et al., 2016 44/1102 0.04 (2.21) c μg/l 0.047 (2.13) c μg/l 
Q2 1.9 (0.7-4.8) 
Q3 1.0 (0.3-3.0) 
Q4 1.4 (0.5-4.1) 

  Jaack et al., 2016 258 NA NA 0.48 (0.24-0.98) 

 PCB156 Rahman et al., 2019 1792 NA NA 0.97 (0.64-1.46) b 

  Vafeiadi et al., 2017 68/871 7.3±8.4 pg/ml 6.0 (6.7) pg/ml NA 
  Jaack et al., 2016 258 NA NA 0.42 (0.21-0.87) 

 PCB167 Rahman et al., 2019 1792 NA NA 1.00 (0.78-1.29) b 

  Jaack et al.- 2016 258 NA NA 0.42 (0.21-0.84)  

 PCB170 Rahman et al., 2019 1792 NA NA 1.04 (0.82-1.32) b 

  Vafeiadi et al., 2017 68/871 36.3±30.4 30.2 (29.5) NA 
  Jaack et al., 2016 258 NA NA 0.40 (0.18-0.88) 

 PCB177 Rahman et al., 2019 1792 NA NA 1.00 (0.84-1.20) b 

  Jaack et al., 2016 258 NA NA 0.46 (0.17-1.25) 

 PCB180 Rahman et al., 2019 1792 NA NA 1.08 (0.83-1.39) b 

  Zhang et al., 2018 77/154 7.7 (5.1-10.3) pg/ml 6.6 (4.4-4.7) pg/ml 1.25 (0.83-1.88) 
  Vafeiadi et al., 2017 68/871 71.6 (57.7) pg/ml 59.9 (57.4) pg/ml NA 

  Shapiro et al., 2016 44/1102 0.029 (2.470) c μg/l 0.030 (2.371) c μg/l Q2 1.5 (0.6-3.8) 
Q3 0.7 (0.2-2.2) 
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Q4 1.3 (0.5-3.5) 
  Jaack et al., 2016 258 NA NA 0.41 (0.19-0.87) 

 PCB194 Rahman et al., 2019 1792 NA NA 1.03 (0.79-1.35) b 

  Jaack et al., 2016 258 NA NA 0.50 (0.27-0.95) 

 PCB206 Rahman et al., 2019 1792 NA NA 1.07 (0.96-1.20) b 

  Jaack et al., 2016 258 NA NA 0.72 (0.41-1.27) 

 PCB209 Rahman et al., 2019 1792 NA NA 1.01 (0.96-1.11) b 

  Jaack et al., 2016 258 NA NA 0.92 (0.91-1.13) 
NA: not available. Q: quartile 
a Odds ratio not adjusted. 
b Participant without family history of T2D, RR for each unit of increase of SD. 
c Geometric mean (SD). 
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Table 16. Summarized results of the association between PBDE and GDM 

Exposure 
(records number) Article ID Case/control 

sample size 
Median (IQR) 
GDM cases 

Median (IQR) 
control group 

Adjusted exposure 
contrast (95% CI) 

PBDE 
(n=5) BDE28 Rahman et al., 

2019 1792 NA NA 1.08 (0.94-1.23) a 

  Liu et al., 2018 77/154 1.66 (1.15-2.46) 
pg/g wet weight 

1.26 (0.87-2.00) pg/g wet 
weight 1.30 (0.89-1.91) 

  Smarr et al., 2016 28/230 0.01 (0.004-0.01) ng/g 
serum 0.01(0.003-0.01) ng/g serum  

 BDE47 Rahman et al., 
2019 1792 NA NA 1.18 (1.08-1.29) a 

  Liu et al., 2018 77/154 30.45 (22.35-47.29) pg/g 
wet weight 

26.36 (18.03-39.07) pg/g wet 
weight  1.67 (1.00-2.77)  

  Smarr et al., 2016 28/230 0.13 (0.06-0.19) ng/g serum 0.11 (0.06-0.21) ng/g serum  

 BDE99 Rahman et al., 
2019 1792 NA NA 1.04 (0.92-1.18) a 

  Liu et al., 2018 77/154 30.92 (21.18-41.72) pg/g 
wet weight 

26.85 (19.57-37.5) pg/g wet 
weight 1.43 (0.86,2.40) 

  Smarr et al., 2016 28/230 0.03 (0.01-0.04) ng/g serum 0.02 (0.01-0.04) ng/g serum  

 BDE100 Rahman et al., 
2019 1792 NA NA 0.90 (0.49,1.66) a 

  Liu et al., 2018 77/154 4.99 (3.36-6.34) pg/g wet 
weight 

4.07 (2.60-6.02) pg/g wet 
weight 1.62 (0.98,2.61) 

  Smarr et al., 2016 28/230 0.03 (0.01-0.04) ng/g serum 0.02 (0.01-0.04) ng/g serum  

 BDE153 Rahman et al., 
2019 1792 NA NA 0.64 (0.26,1.27) a 
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  Liu et al., 2018 77/154 8.24 (6.72-10.44) pg/g wet 
weight 

7.21 (5.05-8.63) pg/g wet 
weight 4.04 (1.92,8.52) 

  Smarr et al., 2016 28/230 0.03 (0.02-0.10) ng/g serum 0.04 (0.02-0.09) ng/g serum  

 BDE154 Rahman et al., 
2019 1792 NA NA 1.23 (1.12,1.34) a 

  Liu et al., 2018 77/154 2.41 (1.61-3.22) pg/g wet 
weight 

1.79 (1.28-2.94) pg/g wet 
weight 1.88 (1.15,3.09) 

  Smarr et al., 2016 28/230 0.003 (<lod-0.005) ng/g 
serum 

<lod (<lod-0.004) ng/g 
serum NA 

 BDE183 Liu et al., 2018 77/154 2.08 (1.44-3.28) 1.42 (0.90-2.18) 1.91 (1.31,2.80) 
  Smarr et al., 2016 28/230 <lod <lod NA 
NA: not available. 
aParticipant without family history of T2D, RR for each unit of increase of SD. 
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Table 17. Summarized results of the association between OCPs and GDM 

Exposure 
(records number) Article ID Case/control 

sample size 
Median (IQR) 
GDM cases 

Median (IQR) 
control group 

Adjusted exposure 
contrast (95% CI) 

OCPs 
(n=5) HCB Rahman et al., 

2019 1792 NA NA 0.96 (0.89-1.04) a 

  Vafeiadi et al., 
2017 68/871 92.4±76.1 pg/ml 80.2 (52.3) pg/ml 1.06 (0.26-4.37) b 

  Smarr et al., 2016 28/230 0.05 (0.04-0.06) ng/g serum 0.05 (0.04-0.06) ng/g serum NA 

 p,p'DDT Rahman et al., 
2019 1792 NA NA 0.65 (0.23-1.86) a 

  Smarr et al., 2016 28/230 <lod (<lod-0.02) ng/g 
serum <lod (<lod-0.02) ng/g serum NA 

 p,p´DDE Rahman et al., 
2019 1792 NA NA 1.01 (0.93-1.09) a 

  Vafeiadi et al., 
2017 68/871 2181.6±1843.4 pg/ml 2030.4 (2466.1) pg/ml 0.59 (0.23-1.51) b 

  Smarr et al., 2016 28/230 0.60 (0.47-0.97) g/g serum 0.56 (0.38-0.77) ng/g serum  

  Shapiro et al., 2016 44/1102 0.32 (1.95) c μg/l 0.36 (2.36) c μg/l 
Q2 1.4 (0.6-3.5) 
Q3 0.5 (0.2-1.6) 
Q4 1.1 (0.4-2.9) 

NA: not available. Q: quartile 
a Participant without family history of T2D RR for each unit of increase of SD. 
b Odds ratio HCB and p,p’-DDE log10 pg/ml. 
c Odds ratio HCB and p,p’-DDE log10 pg/ml. 
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Figure 11. Meta-analysis of the association between PFAS and the risk of GDM. Weights are from 
random-effects analysis.  

Figure 12. Meta-analysis of the association between PCBs and the risk of GDM. Weights are from 
random-effects analysis. 
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Figure 13. Meta-analysis of the association between PBDE and the risk of GDM. Weights are from 
random-effects analysis.  

Figure 14. Meta-analysis of the association between PBDE and the risk of GDM. Weights are from 
random-effects analysis. 
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1. Discussion of the methodology and results of the first objective. 

Evaluate the effects of diet and/or physical activity interventions during 

pregnancy on preventing gestational diabetes mellitus. 

An umbrella review was realized on systematic review of randomized clinical trials 

proposing an intervention based on diet and/or physical activity. The protocol 

was previously registered in PROSPERO (www.crd.york.ac.uk/PROSPERO, 

CRD42021237895).  

1.1 Principal finding 

The results of our umbrella review show that systematic reviews, although 

variable, tend to defend the protective role of physical activity and dietary 

interventions. However, high variability was observed in the definition of 

interventions to determine a dose-effect relationship. The protective benefits of a 

mixed intervention, including both physical activity and diet, are not entirely clear. 

In addition, there is not enough high-quality evidence to determine whether 

combined interventions have a protective effect. 

In several reviews the reduction in the risk of GDM depend on the 

accomplishment of certain criteria such as: starting the intervention early in the 

pregnancy (97), receiving supervised exercise (95), achieving at least 600 MET-

min/week of moderate-intensity (116) or water exercise practice (64). However, 

such as the type of interventions varied widely identifying the most effective 

physical activity on type, intensity, frequency and duration was not feasible. 

Regarding dietary intervention, results reveal that low calories intake could 

decrease the risk of GDM. Curiously, when the intervention includes both physical 

activity and diet simultaneously, the results were not at all clear and the preventive 

effect cannot be confirmed. The presence of discrepancies in results can be 
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explained by the presence of differences on the population characteristics, 

interventions properties and circumstances such as the follow-up time, sample 

size, physical activity and nutritional education, the presence of not measured 

residual confounders and the quality of RCTs included. In addition, other factors, 

such as inadequate information from healthcare professionals and low motivation 

to prioritize lifestyle changes among participants, may increase this gap. 

Although overviews are limited, several previous systematic reviews of 

lifestyle interventions based on physical activity and dietary intervention found 

similar difficulties to ours in terms of performing a dose-response analysis and 

drawing firm conclusions about the most effective type of physical activity 

intervention (110,114,125).  

In line with our finding a recent umbrella suggests that single exercise 

intervention reduce the incidence of GDM. In contrast, another overview finding 

suggests a possible preventive effect for combined physical activity and diet 

intervention, and now effect when their provided separately.  This difference may 

can be explained by the fact that this overview was limited to Cochrane reviews. 

Therefore, only 11 systematic reviews were included (65). 

1.2 Methodology: strengths and limitations 

Limitation of the systematic reviews included in our umbrella may hinder 

our ability to draw concrete recommendation about dietary pattern or physical 

activity in terms of type, duration of intervention, frequency and intensity. There 

was heterogeneity across systematic reviews and original studies in the definitions 

of physical activity and dietary interventions and the description provided was 

limited. Moreover, methodological quality was relatively low and high risk of bias 

was observed.   
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On the other hand, the main of this umbrella review strengths lay in:  

1) Being one of the few works that provide an exhaustive analysis of the 

three types of interventions "physical activity", "diet" or "mixed intervention" in 

the prevention of GDM. 

2) Developed according to the protocol previously registered in 

PROSPERO (CRD42021237895).  

3) Performed an exhaustive search in the four main electronic databases 

without date restrictions.  

4) All major steps, such as selection of systematic reviews, data extraction, 

quality assessment and measurement of overlap, were performed independently 

by two investigators to reduce potential bias. 

1.3 Clinical practice  

Our umbrella review supports current recommendations for lifestyle 

modification, particularly diet and physical activity, in pregnant women. However, 

there are still inconsistencies in the currently available scientific evidence, and the 

best strategies to promote the preventive effect remain unclear. Therefore, we will 

emphasise the need for clinical trials with appropriate methodology to analyse 

dose-effects and differences in effects between different dietary and physical 

activity interventions.  

On the other hand, physical activity and dietary programmes should be 

promoted in primary care. Primary care providers responsible for monitoring 

pregnant women are not specifically trained to provide personalised physical 

activity and dietary interventions to pregnant women. It will therefore be necessary 

to train current providers and to strengthen these services with specialist staff such 

as dieticians, nutritionists and antenatal physical activity trainers. 
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2. Discussion of the methodology and results of the second objective. 

Estimate the effect of replacing 1 hour/week of watching 

TV with 1 hour/weekof light to moderate or vigorous physical activity before 

and during pregnancy on the risk of GDM. 

A case-control study was carried out, including a total of 290 women with GDM 

(cases) and 1175 controls (healthy women). Physical activity was assessed using 

Paffenbarger questionary validated for Spanish pregnant women.  

2.1 Principal finding  

During pregnancy, women with GDM spent less time in vigorous physical 

activity and more time watching TV than controls (p<0.05). Therefore, each hour 

of TV watching during pregnancy could slightly increase the risk of GDM, ORa= 

1.02 (95% CI 1.00-1.03). The results of the isotemporal substitution model show 

that replacing one hour of TV per week with one hour of vigorous physical activity 

could reduce the risk of developing GDM by 34%, aOR=0.66 (95%CI 0.43-1.00). 

Several epidemiological studies suggest an inverse association between 

physical activity and the prevention of GDM. However, the specific type of 

physical activity, in terms of frequency, duration and intensity that guarantees a 

preventive effect against GDM has not yet been fully identified  (154,155). In 

difference to the statistical approaches traditionally used to analyse the association 

between physical activity and GDM, this study uses an isotemporal substitution 

model, which estimates the magnitude of the effect obtained by substituting one 

behaviour for another. The main findings stress the low level of physical activity 

among pregnant women with GDM compared with healthy pregnant women. 

Vigorous physical activity during pregnancy seems to reduce the risk of 

GDM, while watching TV increases the likelihood. Results from the isotemporal 
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substitution model support this association, suggesting that replacing 1 hour/week 

of TV with 1 hour/week of vigorous physical activity during pregnancy could 

reduce the risk of GDM by about 30%. 

No studies were used previously the isotemporal substitution model, 

however, other studies that analyse the association between different intensities of 

physical activity and GDM risk tend to show inverse association for vigorous 

physical activity and nit for light to moderate physical activity.  Regarding to 

watching TV, results are more controversial such some studies suggest that 

Watching TV could increase GDM risk whereas other don’t report any 

association.  

2.2 Methodology: strengths and limitations 

This study was designed as a prospective cohort study. Follow-up took 

place between 20th and 24th gestational weeks until the end of pregnancy.  In this 

design, the exposure (physical activity level) was assessed before the occurrence of 

the outcome (GDM) is the first study analysing the association between physical 

activity, watching TV, and GDM risk using an isotemporal substitution model.  

Our sample was representative of the area covered by the HUVN, as one in five 

women attending the hospital for the programmed visit received the invitation to 

participate. The participation rate was high, as only 13 women renegued the 

participation. In terms of external validity, our sample has similar characteristics 

to other healthy Spanish pregnant women. Therefore, we consider that results 

obtained can be extrapolated to other populations with the same characteristics. 

To improve internal validity, several potential risks of bias related to physical 

activity and dietary patterns were identified.  
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First, residual confounder factors such as energy intake and the adherence 

to Mediterranean diet was analysed, because physical activity cannot be analysed 

without taking in consideration the dietary pattern such as very associated factors.  

Second, the risk of bias due to cultural differences was reduced by including only 

Spanish women. Third, both the FFQ and the Paffenbarger questionnaire used to 

assess diet and physical activity were validated in the Spanish population and in 

pregnant women (49,68,156). Fourth, risk of bias related to diet and physical 

activity may be introduced by health conditions that require a specific diet or 

physical activity intervention was controlled by excluding women with metabolic 

disease or whether condition that requires this change.  

Finally, recall bias related to lifestyle during pregnancy was reduced by 

assessing diet and physical activity during the first 24 weeks of pregnancy. 

However, it was not possible to control for this bias risk on lifestyle before 

pregnancy. Moreover, information related to health conditions and obstetric 

antecedents collected using the medical history of the participants. 

On the other hand, some limitations should be taken into account when 

interpreting our results. Although the FFQ and Paffenbarger are the most widely 

used instruments in the world, they are based on self-reported data. Therefore, 

potential bias in the assessment of diet and physical activity was reduced. In 

addition, more data on sedentary behaviours other than TV watching may allow 

more precise analysis. Regarding dietary assessment, the Mediterranean diet 

adherence index used in our analysis has been validated for the general population, 

but not specifically for pregnant women.  
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2.3 Clinical practice 

Our study supports the importance of reducing television watching time 

during pregnancy and replacing it with physical activity. A simple substitution of 

one hour per week of TV viewing for one hour per week of appropriate vigorous 

physical activity interventions in women without contraindications, such as 

aerobic and arm exercises and reducing sedentary behaviours, can reduces 

considerably the risk of GDM.  

Introduce physical activity interventions in the pregnancy follow up 

program can be helpful to prevent pregnancy complications. However, the general 

recommendations given by health care providers in primary care may not be 

sufficient to achieve the desired effect. There is a lack of qualified physical activity 

specialists in primary care. Therefore, it may be necessary to involve physical 

activity specialists in order to provide personalized intervention adapted to each 

woman.   
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3. Discussion of the methodology and results of the third objective. 

To estimate the strength of the association between POPs exposure and GDM 

in a systematic review with meta-analysis. 

A systematic review and meta-analysis was realized on observational studies 

analysing the relationship between the individual contamination levels of POPs 

and the incidence of GDM. The protocol was previously registered in 

PROSPERO (www.crd.york.ac.uk/PROSPERO, CRD42022303450).  

3.1 Principal finding  

In this systematic review and meta-analysis, the pooled effect of 

standardised mean difference between GDM cases and controls of 20 POPs was 

estimated. Small variance was observed for PFHpA, PCB 180, BDE 47, BDE99, 

BDE100 and HCB. No considerable difference was observed for the rest of POPs 

Epidemiological studies analysing the effect of POPs on GDM show 

diverse finding as the statistically significant results were not always observed in 

the same POPs. The systematic review published by wang et al in 2022, including 

four types of PFAS (PFOS, PFOA, PFHxS, PFNA). However, only PFOA seem 

to increase the risk of GDM (OR = 1.27, 95% CI: 1.02–1.59) I2=0% (157). In 

other meta-analysis only dos POPs seem increase the risk of GDM; PBDE 154 

(OR= 1.23, 95% CI: 1.13–1.35) I2=0% and PFOA (OR= 1.23, 95% CI: 1.13–1.35) 

I2=19.5%, no association statistically different was observed for the rest of PFAS, 

PCBs or PBDE or high heterogeneity was observed such for PFBS (I2=76.4%) 

(158). This discrepancy is further observed when exposure levels are measured 

after the outcome has occurred in the original studies. 

Inconsistency in findings regarding the association between different types 

of POPs and gestational diabetes may be due to using different ways to combine 
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results from individual studies, the use of different scale to estimate the magnitude 

of this association, selection criteria established in each systematic review, 

exposure measurement issues, residual confounder associated to GDM such as 

gestational weight gain, diabetes mellitus antecedents and GDM antecedents.  

In studies where exposure was measured after the outcome occurred, there 

was further inconsistency. PBDE and PCB show an inverse relationship with 

GDM in a Spanish cohort of 86 participants (159). In a case control study of 140 

Iranian women Ln PCB 28 was inversely associated to GDM, while Ln PCB 187, 

Ln PCB 118 and Ln PBDE 99, Ln PBDE 28 could increase the risk of GDM 

(136). 

In our systematic review, we did not consider the combined effect of the 

sum of the different types of POPs, as the correlation between different POPs is 

not at all clear. In addition, some of the elements have an opposite effect on each 

other. 

3.2 Methodology: strengths and limitations 

Our results may be limited by the quality of the included studies. In 

addition, our ability to perform dose-response analysis, subgroup analysis, and 

publication bias assessment was hindered by the small amount of data that could 

be combined. On the other hand, confounding factors closely related to GDM, 

such as physical activity and dietary patterns, as well as exposure to other 

pollutants, were not measured in most of the selected studies. 

The principal strengths of this systematic review and meta-analysis lay in 

the following:  
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1) Been the first systematic review and meta-analysis including exclusively 

prospective studies assessing the association of several POPs and risk 

of GDM.  

2) Reducing possible bias due to study design and estimate a possible 

causal effect association between exposure and outcome by including 

only prospective cohort and case-control studies in which exposure 

was measured at the beginning of pregnancy. 

3) Using strengths algorithm for research that included the different 

possible nominations of included POPs.  

4) Including only exposures measured in biospecimens. 

5) Adhere to the previously published protocol cycle and follow the 

PRISMA 2020 guidelines. 

3.3 Clinical practice 

At the clinical level, our results suggest that some types of POPs are likely 

to increase the risk of GDM. However, the scarcity of available combinable data 

may hinder the correct estimation of the association. The establishment of a 

standardized form for the analysis of POPs and the creation of a consortium with 

individual data are needed to draw stronger and more precise conclusions. 
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1- Physical activity and dietary interventions would decrease the risk of 

GDM. However, the most effective physical activity pattern in terms of 

type, frequency and intensity are not at all clear. In contrast, there is not 

enough evidence with sufficient quality to determine the role of a 

combined intervention involving both physical activity and diet in 

preventing GDM. 

 

2- Spanish pregnant women are more likely to have a sedentary lifestyle and 

a lower level of physical activity, both before and during pregnancy. 

 

3- Women with higher levels of physical activity during pregnancy tend to 

have a lower risk of GDM. The joint effect between light to moderate and 

vigorous physical activity with watching TV show that women with higher 

levels of vigorous physical activity and lower levels of watching TV are less 

likely to develop GDM.  

 
4- Pregnant women can reduce their risk of GDM up to 34% simply by 

replacing one hour per week of watching TV with one hour per week of 

VPA. 

 

5-  The exposure to contaminants such as POPs may increase the risk of 

GDM. However, the current evidence does not seem robust enough to 

draw firm conclusions. The analysis of POPs requires the establishment 

of standardised forms to facilitate the combination and analysis of data. 
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ANNEX I. INTERVETNIONS CARACTERISTICS 

Table 1. Description of physical activity interventions from the included systematic reviews 
1th authors, 
year Start and end of intervention Type of intervention Intensity Frequency Duration 

Díaz-
Burrueco et 
al. 2021 

Interventions started between 8-18 
GW, and x2 RCTs at 36- 38 GW. 
The end was generally between 35-
39 gestational weeks, x1 to delivery, 
x1 6 weeks post-partum 

x6 supervised exercise including 
(aerobic, strengthening, stretching 
guided exercises), x3 Cycling 
program, x1 water exercise, x1 
walking 

 

The frequency was 
3 times/ week in 
10 studies, in one 
was 3-5 
times/week 

in 6 RCTs the duration 
was 60 min, x1 50-
55min, x1 55min, x1 
20-60min., x1 15-
30min, x1 30 min 

Doi et al. 
2020 

5/11 RCTs health care facility 
supervised exercise program. 6/11 
supervised facility outside health 
care facility. In 7 studies, 
recruitment was prior to the 16 
gestational weeks. In 4 studies have 
been up to 20 weeks. 
Intervention continued till 
approximately 36 weeks.  

    

Guo et al. 
2019 

Interventions started from 7 to 20 
weeks of gestation     

Nasiri-Amiri 
fatemeh et al. 
2019 

In 2 studies, exercise began in the 
first trimester and continued until 
delivery. In three studies, exercise 
activities began in the second 
trimester and lasted until 34–37 
weeks of gestation. In two studies, 
exercise activities started less than 
17 weeks and continued up to 6 
weeks after delivery.  

Studies included aerobic exercise (x3), 
aerobic and resistance (x1), aerobic 
and strength (x1), only resistance (x1), 
pelvic floor exercise (x1).  

 
The intensity level of 
exercise activities 
was low to moderate 
in two studies, 
moderate to high in 
three studies, and 
moderate in a study.  

In 1 study exercise 
was repeated 
2x/week. In 4 was 
repeated 3x/week. 
In 1 study was daily 
repeated during a 
week. In 1 study 
repeated 3-5x/ 
week.  

In all studies the 
duration was between 
15-60min. 



 

 

Makaruk et al. 
2019 

Interventions started between 6-22 
gestational week, and continued till 
34-delivery  

The most frequent exercise was 
aerobic, resistance and strength 
exercise. And less frequently pelvic 
floor exercise and balancing exercise. 
For warm-up and the cool-down 
walking, stretching was the most 
frequent. Cycling and swimming was 
performed less frequently 

Mostly the 
intervention was 
moderate 

The frequency was 
3 times/week. 
Except in one trial 
it was 2 times/ 
week.  

In 5 studies the 
duration of the mean 
part of exercise 
sessions was between 
20-35, and in 5 studies 
was between 40-50 
min. And in 1 study, 
between 30-60min 
(individually 
prescribed) 

Du et al. 2019 

In five studies, the mean gestational 
age at recruitment was 11.4 ± 2.7 
week. Three recruited women 
before 20 weeks. In three, the 
recruitment of women was realized 
before 20 weeks, 1 at 18 weeks, one 
before 16 weeks28; two at 12 
weeks, and one at 11-14 weeks of 
gestation. In seven studies the 
intervention was continued until 
delivery, four studies to the 32-36 
week's gestation, and two ended the 
intervention at the 28 week's 
gestation.  

In three studies, the exercise program 
was "stationary cycling". In another 
three studies the program was 
"aerobic strength and muscle 
exercises". In two studies the 
activity was "walking for 11 000 steps 
or at least 30 minutes daily". Three 
studies had a "mixed method of 
stationary cycling, treadmill walk, and 
muscle exercise". And two studies 
used a "personalized exercise plan".  

 

The frequency of 
the "stationary 
cycling" program 
was 3/week. The 
frequency of 
"aerobic strength 
and muscle 
exercises" was 2-3 
times/week. For 
the mixed method 
was 1-3 
times/week 

The duration of the 
"stationary cycling" 
program was 
30min/session. 
Duration of "aerobic 
strength and muscle 
exercises was 60 min/ 
session. And for the 
mixed method was 
about 50min/ session 

You et al. 
2018  

Three studies reported a supervised 
cycling program. The intervention 
was based on the American college of 
obstetricians and gynecologists’ 
guidelines in another three studies.  

 

The cycling 
program was 
realized 3 times/ 
week.  

 

Bennett et al. 
2018 

Recruitment was realized mostly < 
12-20 gestational week. 

Intervention consisted of group 
exercise classes, including aerobic, 
muscle strength, flexibility, toning, 
and resistance exercises. An aquatic 

The intensity was 
light-moderate (x1), 
moderate exercise 

The frequency is 
mainly 3 
times/week.  

The duration of 
exercise ranged from 
35 to 60 min per 
session 



 

 

session and light resistance activity 
was mentioned (x1) and an 
unsupervised walking program (x1). 

(x2), light resistance 
activity (x1) 

Davenport et 
al. 2018   

Seven RCTs with exercise the only 
intervention including aerobic 
exercise alone, two resistance training 
alone, one pelvic floor muscle training 
alone, and 11 RCTs including various 
types of exercise. 

 

Frequency of 
exercise ranged 
from 1 to 7 
days/week. 

The duration of 
exercise ranged from 
10 to 90 min per 
session 

Ming et al. 
2018 

Seven trials started in the first 
trimester and continued to the end 
of the third trimester. Only one trial 
spanned the 20th through 36th 
weeks of gestation 

Only one study includes aerobic 
exercise alone as the intervention, two 
studies included two types of 
interventions ("aerobic and resistance 
exercise"; and "two on land and one 
as aquatic exercise"). The rest of the 
studies included 3 types of exercise of 
the following (aerobics, stretching, 
resistance, mobilization, toning, 
flexibility, and muscle strength. )  

light to moderate 
intensity 

3 times/ week 
except in one study 
was 1 / week 

the period ranged from 
35-60min 

Zheng et al. 
2017  

Physical activity based on American 
College of Obstetricians and 
Gynecologists (ACOG) guidelines. In 
two studies the intervention was a 
supervised cycling program 

 
The intensity of 
exercise in the 
included studies 
were different 

The frequency of 
the supervised 
cycling program 
was 3 times/ week 

 
The duration time of 
exercise in the 
included studies were 
different 

Da Silva et al. 
2017 

Nine studies started between the 6-
10 gestational week. And six studies 
started as minimum in the 12 
gestational weeks. Two studies 
were continued to delivery, eight in 
the third trimester, one between the 
20-36 week's gestation, and three 
did not mention the end's 
intervention date.  

All interventions comprised a 
structured exercise program. The 
majority of trials included aerobic 
exercises and muscle resistance or 
strength training. Other types of 
activities like walking or stretching 
were reported.  

Most included 
moderate-intensity 
physical activities: 
five trials reported a 
light to moderate 
intensity, seven 
moderate, and one 
moderate to 
vigorous. Intensity 

3 times/ week 
reported in 11 of 
studies, in 4 studies 
the frequency was. 
1h, 2h and 4h per 
week.  

The duration of 
sessions varied 
between 20 and 70 
min. Only one study 
reported less than 30 
min. 



 

 

was not reported in 
two studies. 

Madhuvrata 
et al. 2015 

Started between 12-36 week's 
gestation 

Individualized exercise programs with 
an energy expenditure. Session of 
aerobic and strength exercises under 
supervision of trained 
physiotherapist. 10 weeks of home-
based supervised cycling exercise 

Started with a 50–
60% Hrmax and 
progress to 60–70%,  

2-3 times/week   25-60min (data 
provided for 2 trials) 

Sanabria-
Martínez et al. 
2015 

Programs were conducted 
throughout pregnancy in 7 studies, 
and from the second trimester to 
the end of pregnancy in 6 studies 

Supervised interventions consist 
in aerobic exercises (x11) resistance, 
toning, flexibility, and strength 
exercises (x7) weight training 
(x2). Strength exercises with muscles 
of the pelvic floor (x4). 

In the majority of 
trials (x8) the 
intensity was 
moderate, and in 
four studies was light 
to moderate.  

The frequency in 
the majority of 
trials (nine studies) 
was three 
times/week. In 
two trials was five 
times/ week. The 
minimum was two 
sessions in one 
trial.  

Sessions lasted 
between 15 and 60 
minutes. 

Russo et al. 
2015 

The majority of studies enrolling 
participants at less than 16 weeks of 
gestation. With a variability 
between 6-8 and 18-22 weeks.  

The intervention consisted of a group 
exercise session, except in four 
trials. All of the interventions 
included an aerobic component 
(walking, land or water aerobics or 
both, cycling), and four included an 
anaerobic component (strength 
training and balance exercises)  

 

Mostly the 
frequency was 
about 3 times/ 
week  

Duration of 
exercise ranged from 
35-60 min 

Yin et al. 2014 Beginning gestation weeks (6–18 
weeks) 

Individualized plan, regular exercise 
advice and paper-based instructions. 
(x1) included aerobic exercise, 
resistance exercise, aerobic sessions, 
aquatic activities, stretching, and 
balance exercises. (x1) included a yoga 
session. 

(x1) was based on 
light intensity.  
 

3-4 times/ week 35-45 



 

 

Han et al. 
2012 

6-9 GW to 38-39 GW, 12-week 
gestation. 

Home-based supervised exercise (x2) 
including supervised sessions, 
individualized exercise plan (by face-
to-face visits and phone calls), and 
paper-based diaries, 2 home exercises, 
and one group session.  
Interventions was provided by fitness 
specialist and obstetrician, 
physiotherapist. Exercises consist of: 
aerobic (x4) sessions, cycling (x2), 
strength training, balance exercise, 
and aquatic activities. (x1 provided 
dietary recommendation and pelvic 
floor muscle exercise to both groups 
intervention and control) 

Light-moderate (x2) 3-5 times/ week 35-60 min 

 
  



 

 

Table 2. Description of dietary interventions from the included systematic reviews 

1th authors, 
year 

Start and end 
of 
intervention 

Type of 
intervention Visits Service 

provider 
Guide and 
recommendations 

Personalized 
recommendations 

Zhang et al. 
2020  

In two studies, this 
consisted of high 
consumption of 
fruits and 
vegetables, nuts, less 
intake of meat and 
moderate to high on 
fish. All studies 
include virgin olive 
oil, and two include 
nuts,  

    

Guo et al. 
2019 

Interventions 
started from 7 
to 20 weeks of 
gestation 

    
Individual dietary advice 
(x1), individual dietary 
assessment (x1) 

Bennett et al. 
2018 

recruitment 
was realized 
mostly < 12-20 
gestational 
week. 

Intervention 
consisted of dietary 
advice for healthy 
eating. The 
recommendation 
mostly favored a 
balanced diet with a 
percentage 
recommendation for 
each nutrient, low-
GI and energy-
restricted diet was 
encouraged. And 

Counseling 
usually 
performed in an 
individual 
session (3-10 
visits). One trial 
completed the 
face-to-face visit 
by 1 phone call, 
and one trial 
relied on group 
education 
sessions. In 

dietitian (x2) 

Australian Guide to 
Healthy  
Eating was used in two 
trials, Danish dietary  
recommendations, 
IOM  
recommendations, 
Chinese Society of  
Nutrition Pregnancy 
Guidelines. 

A personalized 
intervention is provided 
in most 
studies: individualized 
intake restrictions, 
women provided with 
food products, diet-
based on the 
participant's 
weight, counseling 
according to their 
baseline nutritional 
status. 



 

 

trials encouraging 
self-weighing.  

other trials, 
monitoring was 
realized every 4 
weeks, and more 
frequently for 
some 
participants. 

Lamminpää 
et al. 2018  - -  -  -  -  -  

Tieu et al. 
2017  

Four studies 
compared low-
glycemic index (GI) 
with moderate- to 
high-GI dietary 
advice; and one 
compared specific 
(high-fiber focused) 
with standard 
dietary advice. 

The frequency 
was very 
different 
between studies. 
Some made 10 
one-hour 
consultations. 
Others, 3 times 
during 
pregnancy. And 
two hours 
sessions 

Interventions 
were 
conducted 
mainly by 
dietitian, and 
also by 
research 
dietitian and 
food 
technologist. 

Different guidelines 
were used: Danish 
dietary 
recommendation, 
Nordic nutrition 
recommendation, 
general healthy eating 
guidelines, Australian 
guidelines from the 
National Health and 
Medical Research 
Council,  
Conventional nutrition 
guidelines, 

Energy intake was 
restricted based on 
individually estimation 

 
 

  



 

 

Table 3. Description of mixed interventions from the included systematic reviews 
1th 
Authors, 
year 

started and 
end of  
intervention 

type of intervention intensity Frequency/visit duration services provider guide 

Guo et al. 
2019 

Interventions 
started from 7 
to 20 weeks of 
gestation 

    trained graduate, 
dietitian  

Bennett et 
al. 2018 

recruitment was 
realized mostly 
< 12-20 
gestational 
week. 

Advice regarding physical 
activity and diet was realized 
through regular clinic visits 
often supported by phone 
calls. Exercise: Interventions 
consisted of sessions at the 
gym (x3), physical activity 
DVD, recommendation to 
increase physical activity to 
11000 steps/day, walking. 
Diet: Nutritional education 
sessions, brochure regarding 
diet, group session recording 
energy intake and intake 
recommendation, meal 
plans, recipes, and snack ideas 
were provided, individual 
change behavior session, 
balanced diet, energy-
restricted diet, encouraging 
low-GI diet, and reduced 
saturated fat. Dietary advice 
included portion sizes, regular 
meals, snacking, increasing 

Moderate 
(x2) 

3-5 sessions plus 4-6 
phone calls. Exercise: 
Recommendation of 
physical activity 
frequency is around 3 
times/week Diet: 3-6 
face-to-face 
consultation plus 
phone calls. 
Counseling varied 
between every two 
weeks alternating 
outpatient and phone 
calls and 4 dietary 
counseling sessions. 
Two trials reported the 
duration (one hour 
counseling and 1.5 
nutrition education 
lecture). 

30-60 
min 

Mostly the 
intervention was 
realized by dietitians (5 
studies), in 4 studies 
was realized by 
dietitians and 
gynecologists or 
trained trials nurses or 
graduate students. In 
other studies, was 
realized by exercise 
physiologist, 1 trained 
graduate student, 
nurse and 
physiotherapist, 
masters and doctoral 
with nutritional 
training, health trainer, 
trained researchers. 

DASH diet.  



 

 

intake of water, fruit and 
vegetables. cooking class. 

Shepherd et 
al. 2017 

One study 
mentioned that 
the 
interventions 
started at 22 
week's gestation 
to 36 week's 
gestation. In 
other studies, 
the intervention 
was initiated in 
the first 
trimester. In 
one study, the 
intervention 
began at 19 
weeks’ gestation 

Exercise: The intervention in 
the majority of studies 
consisted of an intensive 
lifestyle intervention, or 
intensive exercise program. 
One study consisted of a 
recommendation that women 
increase activity to walking 
5000 steps daily. Four studies 
recommended min 30 min 
daily walking or the most 
frequent possible. And in one 
study, women received a free 
six-month gym membership. 
Diet: The most frequent 
intervention was a hypocaloric 
or low-glycemic diet. The 
intervention was conducted in 
different ways: phone calls 
that provided diet advice or 
structured meal plans, written 
education 
materials/reminders, 
notebook for monitoring and 
exercise recommendation. 

 Seven 
studies 
included 
moderate-
intensity 
exercise, 
one mild 
exercise, 
and one 
mild to 
moderate 

Exercise: The 
frequency varied 
between 3 -7 times per 
week. 3 times a week 
was the most frequent 
in the 
recommendation. 
Diet: The majority of 
intervention was 
realized in one-on-one 
visit (x9). 6 studies 
one-on-one visit with a 
weekly or monthly 
group session, phone 
session, or distribution 
of digital scales.  

Session's 
duration 
recomm
ended is 
generally 
30 min 
with 
some 
variation 
that can 
reach 40-
45 min in 
some 
intervent
ion 

 

Frequently the 
interventions are 
based on some 
guide: Institute 
of Medicine 
(IOM) guidelines 
(x4) 
and American 
College of 
Obstetricians 
and 
Gynecologists 
guidelines for 
gestational 
weight gain,  

Song et al. 
2016 

20 Trials 
initiated the 
intervention at 
or before 15 
gestational 
week, and 8 

    dietitian,   



 

 

after the 15th 
gestational 
week. 

Rogozińska 
et al. 2015 

All the 
interventions 
were 
commenced 
before 28 weeks 
at varied time 
points in the 
first or second 
trimester.  

Exercise: Recommendation 
to increase the amount of 
walking and incidental activity, 
two trials just recommended 
walking, and trials recommend 
different types of activities: 
swimming, aerobic, stretching, 
strength exercise. One trial 
conducted an indoor training 
with light weights, elastics 
band, balance, and aerobics 
exercises. Diet: Change of 
habitual diet in interventions 
groups more frequently by 
recommendations for a 
healthy and balanced diet. 
Increase fiber, increase low-
GI food. A study used a 
simple behavioral change 
using a social cognitive theory. 

Intensity 
was 
reported as 
moderate in 
just one 
trial. 

Exercise: 3-5 times/ 
week. Diet: Different 
type of visit was 
reported in 3 trials: 
one-to-one contact 
session, four sessions 
of behavioral change 
and lifestyle 
interventions. A 
session every 2 weeks. 

The 
duration 
was 
reported 
for two 
studies, 
30-45 
min, and 
30-60 
min, 
respectiv
ely.  

A dietitian and 
nutritionist mostly 
provided the sessions. 
Many times 
accompanied by 
physiotherapists, or 
nurses. Masters and 
doctoral level staff 
with training in 
nutrition or clinical 
psychology. 

The most mixed 
approach 
intervention was 
based on the 
official National 
Dietary 
Recommendatio
ns. The Institute 
of Medicine 
(IOM) guidelines 
and Danish 
recommendation 
were also used. 

Madhuvrat
a et al. 2015 

15-35 week's 
gestation 

Exercise: In general, 
intervention was based on 
encouraging physical activity 
by aerobic and aquafit classes 
provided by a specialist and 
written and oral instruction, or 
encouraging walking. A study 
provided free membership to 
a fitness center for 6 months 
with closed training classes 1h 

 Moderate 
exercise 
recommen
ded in two 
trials 

Diet: 3 group sessions 
(5 women/1h), one 
face-to-face 

30 min 
most 
days 

Nurse (x3) or doctor, 
Licensed fitness 
trainers and registered 
dietician, Masters or 
Doctoral students, 
food technologist and 
clinician physiologist, 
study coordinator, 
exercise physiologist, 

Official National 
Dietary 
recommendation
, Danish 
recommendation
s.  



 

 

every week and use of a 
pedometer. Diet: Phone calls, 
brochure which provided 
advice on nutrition, balanced 
healthy diet, recommendation 
for energy intake, automated 
postcards that promote 
healthy eating. 

trained dietitian, and 
primary care provider.  

Skoutris et 
al. 2014 

8-12 at 20-28 
gestational week 

Individual session in most 
trials, the intervention 
consisted of verbal counseling 
with written support 
education in some trials. 
Exercise: Seven studies 
encouraged physical activity, 
one mentioned pelvic floor 
exercises as a specific exercise. 
Diet: Food Choice map, 
Information, and 
recommendation on healthy 
eating. 

   
Mostly dietitian (x5), 
clinic nurse, 
nutritionist 

Health Canada 
guidelines, 
Prenatal 
nutrition 
guidelines 

Oostdam et 
al.  2011 

Varying start 
dates 

Exercise: Supervised 
exercise, group session, or 
brochure recommendation 
consist in encouraging 
physical activity especially 
toning exercise, cycling (data 
presented separately) 
brochure and active 
counseling session, or phone 
calls consist in the promotion 
of balanced diet 
recommendation, high dietary 

Moderate 
exercise, 
light 
resistance 

3-5 times/ week    



 

 

fiber, and low intake of 
sucrose, restricted energy diet 
LGI diet, one trials consist in 
self-monitoring 

 
 

  



 

 

ANNEX II: QUESTIONNAIRE FOR INFORMATION COLLECTION 

Número de Registro |   ||   ||   ||   | Fecha | ||   |  |   ||   | |   ||   | 

Número de Historia |   ||   ||   ||   ||   ||   | SS | ||   ||   ||   ||   ||   ||   ||   | 
 
DATOS DE FILIACIÓN 
 

Apellidos y Nombre Domicilio Habitual 

Teléfono |   ||   ||   |-|   ||   ||   ||   ||   ||   | Móvil | || || || || || || || || | Fecha de Nacimiento | || | | || | | || | 

1) ¿Nacionalidad española? (1. Sí; 2. No) |     | Sólo para mujeres extranjeras: 

¿Nacionalidad? 

¿Desde qué año reside en España? | | |   | |   | |   | 
 

2) ¿Cuál es el máximo nivel de estudios que ha completado? 1. Sin estudios (no sabe leer ni escribir) 

2. Primarios incompletos 

3. Estudios primarios o EGB hasta 5º 

4. Graduado escolar (EGB hasta 8º ó ESO) 

5. Bachiller superior (BUP, FP o similar) 

6. Estudios Universitarios de Primer ciclo 

7. Estudios Universitarios de Segundo ciclo 

9. No sabe/ No contesta 
 

3) ¿Está casada? (1. Sí; 2. No; 3. NC) |   | 

Si la respuesta es “No”, ¿con quién vive actualmente? 



 

 

 
4) ¿Usted trabaja fuera de casa? (1. Sí; 2. No; 3. NC) | | 

¿En qué trabaja? 

¿Ha dejado de trabajar durante el embarazo? (1. Sí; 2. No; 3. NC) | | Situación laboral actual 1. 

Trabajo a tiempo completo 

2. Trabajo a tiempo parcial 

3. Ama de casa 

4. Paro 

5. Jubilada por incapacidad 

6. Baja relacionada con embarazo 

7. Excedencia o asuntos propios 
 
 

Si la contestación ha sido “3” pase a la pregunta número “5”, si no conteste las dos cuestiones siguientes: 

¿Es usted autónoma? (1. Sí; 2. No; 3. NC) | | 

Código de Extracción: 
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¿Cuál es o era su situación de empleo en esa ocupación? 

1. Trabajadora por cuenta propia, sin asalariados 

2. Trabajadora por cuenta propia, con menos de 10 asalariados 

3. Trabajadora por cuenta propia, con 10 ó más asalariados 

4. Gerente de una empresa con 10 ó más asalariados 

5. Gerente de una empresa con menos de 10 asalariados 

6. Capataz, supervisora o encargada 

7. Otros asalariados 
 

5) Asistencia durante el embarazo (1. Pública; 2. Mixta; 3. NC) | | 
 

6) Centro de Salud de Referencia C.P.E. de Referencia 
 

8) Seguimiento del embarazo actual 1. Coordinado entre atención primaria y especializada 

2. Sólo atención especializada por embarazo de alto riesgo 

3. Sólo atención especializada por decisión personal 

4. NS/NC 
 
 
ANTECEDENTES FAMILIARES Y PERSONALES DE INTERÉS 
 

1) ¿Algún miembro de su familia padece o ha padecido diabetes? (1. Sí; 2. No; 9. NC) | | Si la 

respuesta es “Sí”, ¿cuántos? | | 

Señale quién o quiénes: 1. Padre 

2. Madre 

3. Hermanos 

4. No sé 
 

2) ¿Es fumadora? | | 

(1. Sí; 2. No, lo he dejado durante el embarazo; 3. No, lo dejé antes del embarazo; 4. Nunca he fumado; 9. NC) 

Si ha contestado “1”, “2” ó “3” (fuma o ha fumado) conteste las siguientes preguntas: 

¿A qué edad comenzó a fumar? |   ||   | 

¿Cuántos cigarrillos fumaba al día antes del embarazo? |   ||   | 

¿Cuántos cigarrillos fuma al día durante el embarazo? |   ||   | 

Si lo ha dejado, ¿hace cuánto tiempo? |   ||   | años |   ||   | meses 
 

3) ¿Consume alcohol durante el embarazo? (1. Sí; 2. No; 9. NC)   |   | Frecuencia   

¿Consumía alcohol antes de estar embarazada? (1. Sí; 2. No; 9. NC)   |    | Frecuencia   
 

4) Según su actividad física diaria usted considera su estilo de vida antes del embarazo como: 

1. Sedentario |   | 

2. Intermedio |   | 

3. Activo | | 

4. NS/NC | | 

¿Y durante el embarazo? | | 
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¿Limita de alguna manera su embarazo la actividad física diaria? 1. Sí; 2. No; 9. NC) | | 

Si la respuesta es “SÍ”, ¿Por qué?   

En su tiempo libre, ¿cuántas veces realiza ejercicio físico de forma reglada a la semana? | | 

Si la respuesta es “Sí”, ¿qué tipo de ejercicio realiza?:    

 
 

5) Si le preguntasen por su dieta habitual, usted la consideraría tipo: 1. Mediterránea | | | |* 
 2. Americana | |  

 3. Mixta 

4. NS/NC 

|   | 

|   | 

 

En cuanto a la cantidad que consume usted diría que es: 1. Excesiva | | | |* 
 2. Adecuada | |  

 

Y en cuanto a su consumo de grasas, ¿cómo lo consideraría? 

3. Insuficiente 

1. Excesivo 

|   | 

|   | 

 

| |* 
 2. Adecuado | |  

 

Usted diría que su consumo proteico (carnes, pescados...) es: 

3. Insuficiente 

1. Excesivo 

|   | 

|   | 

 

| |* 
 2. Adecuado | |  

 3. Insuficiente | |  

*¿Y antes del embarazo?    

 
6) ¿Presenta algún tipo de patología crónica? (1. Sí; 2. No; 9. NC)  | | 

Si la respuesta es “Sí”, ¿cuál?:    

¿Qué tratamiento toma?    
Como consecuencia de su patología, ¿sigue una dieta especial? (1. Sí; 2. No; 9. NC) |   | 

¿Qué tipo de dieta?    
¿Le han recomendado modificar su actividad física habitual? (1. Sí; 2. No; 9. NC) | | 

¿Qué le han recomendado?    
 
 
ANTECEDENTES OBSTÉTRICOS DE INTERÉS 
 

1) Fórmula obstétrica (No considerar el embarazo actual) | ||   ||   ||   ||   | 
(nº embarazos; nº abortos; nº partos; nº R.N. vivos; vivos actualmente) 

 
2) Antecedente de diabetes mellitus gestacional (1. Sí; 2. No; 3. No estoy segura; 9. No sabe) 

Si la respuesta ha sido “Sí” 

| | 

- ¿qué tratamiento recibió? (1. Dieta; 2. Dieta + Insulina) | | 

- ¿le realizaron una sobrecarga después del parto? (1. Sí; 2. No; 9. No sabe) | | 

- ¿cuál fue el resultado? (1. Diabetes; 2. Intolerancia H-C; 3. Normal) | | 

3) Antecedente de macrosomía (recién nacidos de 4 kilos ó más) (1. Sí; 2. No; 9. NC) | | 
¿Cuántos hijos ha tenido de más de 4 kilos al nacer? | | 
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¿Recuerda cuál fue su peso? 1º hijo | ||   ||   ||   | 

 2º hijo | ||   ||   ||   | 
 3º hijo | ||   ||   ||   | 

 
4) ¿Presentó problemas de hipertensión en embarazos anteriores? (1. Sí; 2. No; 9. NC) | | 

Si ha contestado “Sí” ¿podría señalar qué tipo? 1. Hipertensión inducida por el embarazo 

2. Preclampsia 

3. Eclampsia 

4. No recuerdo 
 
 
VARIABLES ANTROPOMÉTRICAS 
 

1) Talla* | |.|   ||   | 
 

2) Peso antes embarazo* | ||   ||   |.|   | 
 

3) Peso en la primera visita*   |   ||   ||   |.|   | Semana gestacional | ||   |.|   | 
 

4) Último peso conocido* |   ||   ||   |.|   | Semana gestacional |__||   |.|    

| (*Si es posible esta información debería recogerse siempre a partir de la Cartilla Maternal) 

5) ¿Cuánto peso ha ganado desde que se quedó embarazada? | ||   |.|   | 
 

6) ¿Ha ganado peso desde que tuvo su primer hijo? (1. Sí; 2. No; 9. No sabe) | | 

Si la respuesta ha sido Sí, ¿cuánto pesaba antes del primer embarazo? | ||   ||   |.|   | 

¿Cuántos años han pasado desde el primer embarazo hasta la fecha? | ||   | 
 
 
 
EMBARAZO ACTUAL 
 

1) Semana gestacional de la primera visita | |.|   ||   | 
 

2) Número de visitas realizadas en A.P. |   ||   | 
 

3) Número de visitas realizadas en A.E. |   ||   | 
 

4) Número de visitas realizadas en consultas privadas |   ||   | 
 

5) Número total de visitas | ||   | 
 

6) ¿Ha estado ingresada durante el embarazo? (1. Sí; 2. No) | | 
 

Si la respuesta ha sido “Sí”, ¿cuál fue el motivo de ingreso?    
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7) Semana de gestación en que se realiza el cribado o test de O’ Sullivan | ||   | 

 

Glucemia basal | ||   ||   | Glucemia 1 hora después |   ||   ||   | 
 
 

8) ¿Se realizó sobrecarga oral con 100 g glucosa? (1. Sí; 2. No) | | 
 

Glucemia basal |   ||   ||   | Glucemia 1 h |   ||   ||   | 
 

Glucemia 2 h |   ||   ||   | Glucemia 3 h |   ||   ||   | 
 

Si no se completa la SOG especificar la causa (vómitos, ausencia de la mujer, hipotensión...)    
 
 
 

9) Diagnóstico definitivo (1. Diabetes gestacional; 2. Intolerancia H-C; 3. Normal) | | 
 
 
 

10) ¿El embarazo es de Alto Riesgo Obstétrico? (1. Sí; 2. No) | | 
 

Motivo del ARO | ||   ||   | 



PREGUNTAS COMPLEMENTARIAS (marido y nivel de ingresos de la pareja) 
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¿Cuál es el máximo nivel de estudios que ha completado su marido? 

1. Sin estudios (no sabe leer ni escribir) 

2. Primarios incompletos 

3. Estudios primarios o EGB hasta 5º 

4. Graduado escolar (EGB hasta 8º ó ESO) 

5. Bachiller superior (BUP, FP o similar) 

6. Estudios Universitarios de Primer ciclo 

7. Estudios Universitarios de Segundo ciclo 

9. No sabe/ No contesta 
 

¿Cuál es la ocupación que desempeña actualmente o la última que ha desempeñado?    
 

¿Cuál es su situación laboral actual? 

1. Trabajo a tiempo completo 

2. Trabajo a tiempo parcial 

3. Paro 

4. Jubilado por incapacidad 

5. Otros (indicar cuál)    
 

¿Cuál es o era su situación de empleo en esa ocupación? 

1. Trabajador por cuenta propia, sin asalariados 

2. Trabajador por cuenta propia, con menos de 10 asalariados 

3. Trabajador por cuenta propia, con 10 ó más asalariados 

4. Gerente de una empresa con 10 ó más asalariados 

5. Gerente de una empresa con menos de 10 asalariados 

6. Capataz, supervisor o encargado 

7. Otros asalariados 
 

¿En qué banda situaría usted los ingresos mensuales medios de su hogar (suyos y de su marido)? 

1. Menos de 500 euros (menos de 83.000 Ptas.) 

2. De 501 a 1.000 euros (de 83.000 a 166.000 Ptas.) 

3. De 1.001 a 1.500 euros (166.000-250.000 Ptas.) 

4. De 1.501 a 2.000 euros (250.000-333.000 Ptas.) 

5. De 2.001 a 2.500 euros (333.000-417.000 Ptas.) 

6. De 2.501 a 3.000 euros (417.000-500.000 Ptas.) 

7. Más de 3.000 euros (más de 500.000 Ptas.) 

8. No sabe / No contesta 



Número de Registro |   ||   ||   
||   | 

Fecha |   ||   | |   ||   | 
|   ||   | 
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CUESTIONARIO DE FRECUENCIA DE ALIMENTOS 
 
 

INSTRUCCIONES. El presente cuestionario pretende recoger el consumo medio de alimentos por 

persona durante el embarazo y en el último año anterior al mismo. Está basado en el “Food Frequency 

Questionnaire” utilizado en el estudio de las enfermeras americanas realizado en la Universidad de 

Harvard y validado en España por Martín-Moreno et al. 

 

Para cada alimento debe señalar su frecuencia de consumo por término medio durante el embarazo y en 

el último año. Para facilitar la recogida de información debería considerar: 

 
1) Que cada mes consta de 4 semanas y el objetivo del cuestionario es recoger la variación 

verano/invierno, de tal forma que si usted en verano consume helados un día a la semana durante 

todas las semanas (de 12 a 15 semanas), su ingesta media será de un helado al mes. 

2) Si un alimento lo consume menos de una vez al mes (por ejemplo, sólo en tres ocasiones al cabo 

del año) considere que lo consume “Nunca o Casi Nunca”. 

3) Para que le sea más fácil contestar lea el nombre del alimento y piense si lo consume todos los 

días o no. Si es así se centrará en el consumo diario y descartará todos los demás. Si no lo 

consume todos los días plantee la misma cuestión para una semana o un mes dependiendo del 

caso. 

 

Si tiene cualquier duda pregúntela sin ningún tipo de compromiso a la encargada de recoger la 

información y que le ha suministrado el cuestionario inicialmente. 



I-CONSUMO DE LÁCTEOS 
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LÁCTEOS 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 DÍA SEMANA MES  AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al 

mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Leche entera (1 taza, 200 cc                      

Leche semidesnatada (1 taza, 200 cc)                      

Leche desnatada (1 taza, 200 cc)                      

Leche condensada (1 cucharada)                      

Nata o crema de leche (1/2 taza)                      

Batidos de leche (1 vaso, 200 cc)                      

Yogurt entero (1, 125 g)                      

Yogurt descremado (1, 125 g)                      

Petit suisse (1, 100 g) ¿100 ó 50?                      

Requesón o cuajada (1/2 taza)                      

Queso en porciones o cremoso (1 porción)                      

Queso blanco o fresco (Burgos, cabra…) (50 g)                      

Quesos curados/semicurados (Manchego, Bola, 
Emental, Camembel…) (50 g) 

                     

Natillas, flan, puding (1 taza, 200 cc)                      

Helados (uno)                      
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 



II-CONSUMO DE HUEVOS y CARNES (Se refiere a un plato o ración de 100 a 150 gramos excepto cuando se indique otra cosa entre paréntesis) 
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HUEVOS y CARNES 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 
DÍA SEMANA MES 

 
AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Huevos (uno)                      

Pollo o pavo CON piel                      

Pollo o pavo SIN piel                      

Carne de ternera MAGRA                      

Carne de ternera GRASA                      

Carne de cerdo MAGRA                      

Carne de cerdo GRASA                      

Carne de cordero                      

Conejo o liebre                      

Hígado                      

Otras vísceras (sesos, corazón, mollejas...)                      

Jamón serrano o paletilla                      

Jamón cocido, jamón york (50 gr)                      

Embutidos (chorizo, salchichón, mortadela, 50g)                      

Morcilla (50 gr)                      

Sobrasada (50 gr)                      

Tocino, bacon, panceta (50 gr)                      

Salchichas (50 gr)                      

Patés, foie-gras (25 gr)                      

Hamburguesa (50 gr)                      
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 



III-CONSUMO DE PESCADO (Se refiere a un plato o ración de 100 a 150 gramos excepto cuando se indique otra cosa entre paréntesis) 
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PESCADOS 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 
DÍA SEMANA MES 

 
AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Pescado blanco: merluza, pescadilla, mero, len- 
guado, rape... (1 plato, pieza o ración) 

                     

Pescado azul: boquerones, sardinas, atún, boni- 
to, salmón, caballa...(1 plato, pieza o ración) 

                     

Bacalao                      

Pescados salados y/o ahumados: arenques, 
salmón, mojama, anchoas... 

                     

Ostras, almejas, mejillones... (6 unidades)                      

Gambas, langostinos, cigalas...                      

Pulpo, calamares, chipirones, jibia...                      
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 



IV. VERDURAS Y HORTALIZAS (un plato o ración de 250 gramos excepto cuando se indique otra cosa entre paréntesis) 
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VERDURAS Y HORTALIZAS 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 
DÍA SEMANA MES 

 
AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Acelgas, espinacas                      

Col, coliflor, brócoles                      

Lechuga, endibias, escarola                      

Tomate (1, 150 gr)                      

Zanahoria, calabaza                      

Judías verdes                      

Berenjenas, calabacines, pepinos                      

Pimientos                      

Espárragos                      

Patatas fritas (1 ración 150 grs)                      

Patatas asadas o cocidas (1 ración 150 grs)                      

Gazpacho                      

Porra antequerana, salmorejo                      

Ensalada de verduras                      

 
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 



V. FRUTAS (Una pieza o ración salvo cuando se indique entre paréntesis el número de unidades) 

25 

 

 

 
 
 
FRUTAS 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 
DÍA SEMANA MES 

 
AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Naranja (1), pomelo (1), mandarina (2)                      

Plátano                      

Manzana, pera                      

Fresas, fresones (6 unidades)                      

Melocotón, albaricoque, nectarina                      

Cerezas, picotas, ciruelas (1 plato de postre)                      

Higos, brevas                      

Higos chumbos                      

Sandía (1 tajada, 200-250 gr)                      

Melón (1 tajada, 200-250 gr)                      

Uvas (1 racimo o plato de postre)                      

Frutas en almíbar (2 unidades)                      

Frutas en su jugo, macedonia (2 unidades)                      

Dátiles, higos secos, pasas, ciruelas-pasas (150 
grs) 

                     

Almendras, cacahuetes, avellanas, nueces (fru- 
tos secos, 50 grs) 

                     

Aguacates                      

Kiwi                      

Mango, papaya                      

Aceitunas (10 unidades)                      

 
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 



VI. LEGUMBRES Y CEREALES (Un plato o bien una ración de 60 gramos en seco) 
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LEGUMBRES Y CEREALES 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 DÍA SEMANA MES  AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Lentejas                      

Garbanzos                      

Alubias (pintas, blancas o negras)                      

Guisantes                      

Pan blanco (3 rodajas, 60 gramos)                      

Pan integral (3 rodajas, 60 gramos)                      

Pan de molde (1 rebanada)                      

Pan de molde integral (1 rebanada)                      

Cereales en desayuno (30 gramos en seco)                      

Arroz                      

Pasta (fideos, macarrones, espaguetis...)                      

Pizza (1 ración, 200 gr)                      



VII. ACEITES Y GRASAS (Una cucharada o porción individual) 
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ACEITES Y GRASAS 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 DÍA SEMANA MES  AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Mantequilla (1 porción individual = 2 rebanadas)                      

Margarina (1 porción individual = 2 rebanadas)                      

Aceite de oliva                      

Aceite de girasol o soja                      

Otros (especificar)                         

Otros (especificar)                         

¿Con qué frecuencia consume alimentos fritos:                      
En CASA? 
Fuera de CASA? 

 

En su casa utiliza para freír: 1. Aceite de oliva 2. Aceite de girasol 
3. Aceite de soja 4. Mantequilla 
5. Margarina 6. Otros (especificar)    



VIII. BOLLERÍA Y PASTELERÍA 
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BOLLERÍA Y PASTELERÍA 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 DÍA SEMANA MES  AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Galletas tipo María (4-6 unidades, 50 g)                      

Galletas con chocolate (4-6 unidades, 50 g)                      

Magdalenas (1-2 unidades)                      

Donuts (1)                      

Bollería industrial: ensaimada, croissant... (1)                      

Repostería casera (bizcocho, tarta de queso...)                      

Pasteles (1, 50 gramos)                      

Churros, porras y similares (ración, 100 grs)                      

Chocolate y bombones (30 gramos)                      

Turrón (1/8 barra)                      

Pastas de té, mantecados, mazapán (ración, 90 
gramos) 

                     

 
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 



IX. OTROS ALIMENTOS 
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OTROS ALIMENTOS 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 DÍA SEMANA MES  AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Croquetas, buñuelos, empanadillas                      

Palitos de merluza, pescado empanado                      

Sopas y cremas de sobre                      

Mostaza (1 cucharadita)                      

Mayonesa (1 cucharadita)                      

Salsa de tomate, tomate frito, ketchup                      

Picante: tabasco, pimienta                      

Sal (añadida a las comidas ya cocinadas)                      

Azúcar (1 cucharadita)                      

Mermelada (1 cucharadita)                      

Otros alimentos de consumo frecuente:                      
 
 

 
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 



X. BEBIDAS 
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BEBIDAS 

CONSUMO MEDIO DURANTE EL EMBARAZO **  CONSUMO MEDIO DURANTE EL AÑO PASADO 

 DÍA SEMANA MES  AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 

al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 

Vino tinto (1 vaso 100 cc) (en total)                      

Vino tinto sólo en las comidas (1 vaso 100 cc)                      

Vino dulce (1 vaso 100 cc) (en total)                      

Otros vinos (blanco, rosado...) (en total)                      

Cerveza (1 vaso 250 cc)                      

Licores, destilados: whisky, coñac, ginebra, anís 
... (1 copa, 50 cc) 

                     

Bebidas carbonatadas azucaradas (Fanta, Coca 
–Cola...; 1 vaso, 200 cc) 

                     

Bebidas carbonatadas bajas en calorías (Fanta 
Free, Coca–Cola Light...; 1 vaso, 200 cc) 

                     

Zumo de naranja natural (1 vaso 200 cc)                      

Zumos naturales de otras frutas (1 vaso 200 cc)                      

Zumos de frutas en botella o enlatados (200 cc)                      

Café descafeinado (1 taza 50 cc)                      

Café (1 taza 50 cc)                      
 

** ¿Ha modificado su consumo durante el embarazo? Indique si ha aumentado con el símbolo “”; ha disminuido con el símbolo “¯” o continua igual con el símbolo “=” 
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¿ESTÁ TOMANDO VITAMINAS Y/O MINERALES DURANTE EL EMBARAZO O LOS TOMÓ DURANTE EL AÑO ANTERIOR A QUEDARSE 
EMBARAZADA? 
 
 
 
Sí; 2. No; 3. NS/NC  
 
Si la respuesta ha sido Sí: 
 

MARCAS DE LOS 

SUPLEMENTOS VITAMÍNICOS O 

MINERALES 

(Nº pastillas/día) 

CONSUMO MEDIO DURANTE EL EMBARAZO   CONSUMO MEDIO DURANTE EL AÑO PASADO 

 DÍA SEMANA MES  AÑO DÍA SEMANA MES 

Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 a 
sem 

5-6 
sem 

2-3 
mes 

1 al 
mes 

 Nunca 
o casi 
nunca 

1 
día 

2-3 
día 

4-6 
día 

Más 
de 6 
al día 

1 
sema 
na 

2-4 
sem 

5-6 
sem 

2-3 
al mes 

1 al 
mes 
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IMPRESIÓN PERSONAL SOBRE DIETA Y EMBARAZO  ¿Y antes del embarazo? 

 
1) ¿Procura tomar mucha fibra? (1. Sí; 2. No; 9. NS/NC) 

 
| | 

 
| | 

2) ¿Procura tomar mucha fruta? (1. Sí; 2. No; 9. NS/NC) | | | | 

3) ¿Procura tomar mucha verdura? (1. Sí; 2. No; 9. NS/NC) | | | | 

4) ¿Procura tomar mucho pescado? (1. Sí; 2. No; 9. NS/NC) | | | | 

5) ¿Suele comer entre comidas (picotear)? (1. Sí; 2. No; 9. NS/) | | | | 

6) ¿Evita el consumo de mantequillas? (1. Sí; 2. No; 9. NS/NC) | | | | 

7) ¿Procura reducir el consumo de grasa? (1. Sí; 2. No; 9. NS/NC) | | | | 

8) ¿Qué hace con la grasa de la carne? (1. La como; 2. Se la quito) | | | | 

9) ¿Limita la sal en las comidas? (1. La como; 2. Se la quito) | | | | 

10) ¿Procura reducir el consumo de dulces? (1. Sí; 2. No; 9. NS/NC) | | | | 

11) ¿Cuántos días toma fruta a la semana como postre? | | | | 





ACTIVIDAD FÍSICA HABITUAL EN EL TIEMPO LIBRE Y GENERAL 
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DURANTE EL EMBARAZO 

 
 ANTES DEL EMBARAZO 

 
 
ACTIVIDADES REALIZADAS EN SU TIEMPO 
LIBRE 

DIAS A LA 

SEMANA 

TIEMPO 

DEDICADO 

AL DIA 

(HORAS O 

MINUTOS) 

ESFUERZO 

REALIZADO 

(L, M, I) 

 DÍAS A LA 

SEMANA 

TIEMPO 

DEDICADO 

AL DIA 

(HORAS O 

MINUTOS) 

ESFUERZO 

REALIZADO 

(L, M, I) 

Andar o pasear fuera de casa        

Bicicleta (incluyendo estática)        

Nadar        

Aeróbic        

Baile, danza        

Excursiones en la montaña        

Gimnasia de mantenimiento        

Cuidado del jardín, piscina (meses*)        

OTROS:        

 

DESPLAZAMIENTOS        

Bicicleta        

Andar de casa al trabajo/ trabajo a casa        

OTROS:        



ACTIVIDAD FÍSICA HABITUAL EN EL TIEMPO LIBRE Y GENERAL 
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 DURANTE EL EMBARAZO  ANTES DEL EMBARAZO 

 
 
ACTIVIDADES DEL HOGAR 

DIAS A LA 

SEMANA 

TIEMPO 

DEDICADO 

AL DIA 

(HORAS O 

MINUTOS) 

ESFUERZO 

REALIZADO 

(L, M, I) 

 DÍAS A LA 

SEMANA 

TIEMPO 

DEDICADO 

AL DIA 

(HORAS O 

MINUTOS) 

ESFUERZO 

REALIZADO 

(L, M, I) 

Trabajo de casa ligero:        

• Cocinar        
• Planchar        
• Lavar los platos        
• Cuidar a los niños        
• Otros:        

Trabajo de casa intenso:        

• Fregar los suelos        

• Andar con bolsas pesadas de la 
compra) 

       

• Otros:        
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 DURANTE EL EMBARAZO   ANTES DEL EMBARAZO 

ACTIVIDAD EN EL TRABAJO 
DIAS A LA 

SEMANA 

TIEMPO 

DEDICADO AL 

DIA (HORAS O 

MINUTOS) 

ESFUERZO 

REALIZADO 

(L, M, I) 

 DÍAS A LA 

SEMANA 

TIEMPO 

DEDICADO 

AL DIA 

(HORAS O 

MINUTOS) 

ESFUERZO 

REALIZADO 

(L, M, I) 

Trabajo ligero (sentada, de pie y con escaso 
movimiento) 

       

Trabajo intenso (transportando objetos pesados 
en el trabajo, etc.) 

       

 
 

OTRAS ACTIVIDADES        

Ver televisión - video        

Sentada ante la pantalla del ordenador        

Conduciendo        

Estar sentada        

Dormir por las noches        

Dormir la siesta        

Salir con su pareja, familiares o amigos        

De pie        

Leyendo        

Otros:        

 
¿Podemos contactar con usted para conocer cuál ha sido la evolución de su embarazo? SI NO 

 
 
FIRMA: 
 
 



 

 

 



 

 

 



 

 

 
 
 



 

 

 

 
 
 
 
 
 

APPENDIX. SCIENTIFIC 
PUBLICATIONS 
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1 |  I N TRODUC TION

Persistent organic pollutants (POPs), such as Per-  and 
polyf luoroalkyl substances (PFAS), polychlorinated biphe-
nyls (PCBs), polybrominated diphenyl ethers (PBDEs) and 

organochlorine pesticides (OCPs) are highly lipophilic 
compounds and are peculiarly persistent and resistant to 
biodegradation. Due to their long half- life, POPs have the 
ability to bioaccumulate in the environment, food and or-
ganisms.1 The principal pathway for human exposure to 
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Abstract
Background: Findings related to the association between persistent organic pollut-
ants (POPs) and gestational diabetes mellitus (GDM) are inconclusive.
Objectives: To estimate the strength of the association between POP exposure and 
GDM in a systematic review with meta- analysis.
Search strategy: MEDLINE, Scopus and Web of Science were searched until July 
2023.
Selection criteria: Cohort and case–control studies analysing the association be-
tween POPs and GDM.
Data collection and analysis: We assessed the risk of bias using the Quality in 
Prognosis Studies scale (QUIPS). Standardised mean differences were pooled using 
random- effect models.
Main results: Sixteen articles including 12 216 participants were selected. The risk of 
bias was high in four articles (25%), moderate in 11 (68.75%) and low in one (6.25%). 
Small mean difference between GDM cases and controls was observed for PFHpA 
(0.26, 95% confidence interval [CI] 0.1–0.35, I2 = 0.0%), PCB180 (0.37, 95% CI 0.19–0.56; 
I2 = 25.3%), BDE47 (0.23, 95% CI 0.0–0.45, I2 = 0%), BDE99 (0.36, 95% CI 0.14–0.59; 
I2 = 0%), BDE100 (0.42, 95% CI 0.19–0.64; I2 = 0%) and HCB (0.22, 95% CI 0.01–0.42, 
I2 = 39.6%). No considerable difference was observed for the rest of POPs.
Conclusion: Small mean differences between GDM cases and controls were ob-
served for some POPs. However, evidence shows mostly moderate quality and results 
were heterogeneous. Improved research methodology is needed to assess POPs and 
GDM risk.

K E Y W O R D S
exposure, gestational diabetes mellitus, meta- analysis, persistent organic pollutants, risk factor, 
systematic review



2 |   KOUITI et al.

most POPs is through dietary intake. However, occupa-
tional exposure, indoor inhalation and inadvertent inges-
tion of dust are important sources of exposure for some 
POPs.2–4 Chronic exposure to POPs can be related to ill 
health, even in low doses.5 In adults, high specimen POPs 
levels were associated with a high risk of carcinogenic, 
neurological, endocrine and metabolic conditions.6–9 
Several POPs, such as hexachlorobenzene (HCB), dichlo-
rodiphenyldichloroethylene (p,p′- DDE) and PCBs have 
been described as potential risk factors for diabetes mel-
litus type 2.10,11

During pregnancy, POPs exposure increases the risk of 
several outcomes such as miscarriage, preterm birth and low 
birthweight.12–14 However, findings related to gestational 
diabetes mellitus (GDM) tend to show more discrepan-
cies.12,15,16 Zhang et al.17 describe a positive association be-
tween PCB 52 and GDM, and no association for PCB 138, 
153 and 180. However, Jaack et  al.'s18 cohort study shows 
a negative association between PCB 138, 15, and 180 with 
GDM. Regarding PFAS, Yan et  al.'s19 systematic review 
supports that PFAS increase the risk for GDM;in contrast, 
no association was affirmed by Gao et  al.12 This disparity 
may be caused by population characteristics and selection 
biases, small sample sizes, lipid adjustment, POPs measure-
ment procedures, the use of different definitions for GDM, 
and methodological issues related to the adjustment for 
confounding factors. Furthermore, it would be necessary 
to ensure that exposure assessment precedes the outcome's 
occurrence to reduce possible bias, especially as blood con-
centrations of POPs may change throughout pregnancy.20,21 
We found one systematic review based on follow- up studies, 
but this review focused only on the relation between DDT 
and GDM.15

Therefore, we aimed to explore comprehensively the as-
sociation between POPs and GDM using a systematic review 
with a meta- analysis of cohort and case–control studies.

2 |  M ETHODS

This systematic review and meta- analysis protocol has 
been registered previously in PROSPERO (www. crd. york. 
ac. uk/ PROSPERO, CRD42022303450). It was reported ac-
cording to the 2020 update of Preferred Reporting Items 
for Systematic Reviews and Meta- analysis (PRISMA) state-
ment.22 Patients were not involved in the development of the 
research and ethical approval was not required due to the 
study design.

2.1 | Eligibility criteria

Eligibility criteria were defined a priori according to the 
PECOS statement (P: population, E: exposure, C: compara-
tors, O: outcome, S: study design). More information about 
these criteria are provided in Table S1. The selection crite-
ria were: (1) cohort, case–control studies and hybrid studies 

(nested case–control studies and case–cohort studies); (2) 
studies based on women of childbearing age; (3) studies an-
alysing the relation between the individual contamination 
levels of POPs and the incidence of GDM; (4) published stud-
ies from the inception of the database used for the search 
until July 2023. All cross- sectional studies, book chapters 
and conference communications were excluded.

2.2 | Information source and 
research strategy

A systematic search was conducted in March 2022, and then 
updated every 6 months. The last update was realised on July 
2023, and two additional records were included in our sys-
tematic review.23,24 Terms were searched on PubMed Central, 
Web of Science via Clarivate, and Scopus via Elsevier. The 
updated version of each platform was used. Free keywords 
were combined on a search equation according to each data-
base's recommendations (Appendix S1).

The following terms were used for the searches: organo-
chlorinate, organochlorine, chlorinated, persistent organic 
pollutant, POP, persistent pesticides, persistent toxic sub-
stances, per-  and polyfluoroalkyl substances, PFAs, polybro-
minated diphenyl ethers, PBDEs, polychlorinated biphenyls, 
PCBs, hexachlorobenzene, HCB, dichlorodiphenyltrichlo-
roethane, DDT, p,p′DDT, dichlorodiphenyldichloroethylene, 
DDE, p,p′DDE, dichlorodiphenyldichloroethane, DDD, 
p,p′DDD, gestational diabetes mellitus, gestational diabetes, 
GDM.

Additionally, the reference lists of selected reviews were 
hand- searched. Details of search results are provided for 
each data resource in Appendix S1. Two investigators (MK 
and MACH) independently conducted the search and iden-
tified the eligible articles. After duplicated articles were 
removed, a first screening by title and abstract was done. 
Articles that met inclusion criteria were assessed by reading 
the full text. Disagreement or uncertainties in the selection 
of studies was resolved through discussion with senior re-
viewers (JJJM and JZ).

2.3 | Data extraction and quality assessment

Selected articles were reviewed by MK and MACH indepen-
dently. From each article the following information was ex-
tracted in a standardised form:

Basic data: authors, publication year, study period, coun-
try and research funding.

Study characteristics: type of study design, sample 
method, sample size, selection criteria, characteristics of the 
participants and compliance with ethical principles.

Exposure data: type of examined POPs, biomarkers used 
to assess contamination level, gestational age for the sample 
collection, analytic methodology, limit of detection (LOD) 
or limit of quantification (LOQ), unit of measurement for 
POPs and lipid adjustment for the final determinations.
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   | 3PERSISTENT ORGANIC POLLUTANT AND GESTATIONAL DIABETES MELLITUS

Outcome data: criteria used for the diagnosis of GDM 
were collected from the National Diabetes Data Group crite-
ria, Carpenter–Coustan criteria, International Association of 
Diabetes and Pregnancy Study Groups criteria, World Health 
Organization criteria, Canadian Diabetes Association and 
the Society of Obstetricians and Gynaecologists of Canada).

Descriptive measurements of POPs by comparison groups 
and analytic results: mean and standard deviation (SD), me-
dian and interquartile range (IQR) or geometric mean (GSD) 
to describe the levels of POPs; and relative risk (RR), odds 
ratio (OR) and their 95% confidence interval (CI) as asso-
ciation measures. Confounding factors used for adjustment 
analyses were also collected. The authors were contacted by 
email in the case of missing information.

Risk of bias and methodological quality of each included 
study in the systematic review were evaluated independently 
by two researchers (MK and MACH) using the Quality in 
Prognosis Studies scale (QUIPS).25 The following describes 
the six domains with their respective issues and cut- off 
points to consider for judging the risk of bias in QUIPS:

Study participation, including factors such as the source 
of the target population, method/s used to identify the pop-
ulation, recruitment period, inclusion and exclusion criteria, 
adequate study participation and baseline characteristics. 
The risk of bias was classified as low (5–7 items), moderate 
(3, 4) and high (1, 2).

Study attribution, related to strategies to avoid losses, the 
reasons for the losses, and the potential impact of subjects 
lost to follow- up on the results based on outcome and prog-
nostic factor/s information on those lost to follow- up. The 
risk of bias was categorised as low (met 5 items), moderate (3, 
4) and high (1, 2).

Appropriate definition of the following: the exposure and 
measurement methods, the same method and setting for all 
study participants, exposure measurement available for ade-
quate sample proportion, and appropriate methods of impu-
tation. The cut- off points for the risk of bias were: low (met 5 
items), moderate (3, 4) and high (1, 2).

Outcomes: outcome measurement collection, definition 
of the outcome (gestational diabetes or not), valid and re-
liable measurement of outcome, method and setting of out-
come measurement were assessed. These were classified as 
low (met 3 items), moderate (2) and high (1) risk of bias.

Collection of confounding factors and their characteristics: 
definition of confounding factor, methods, setting, valid-
ity and reliability of the measurements, methods used for 
missing data, and appropriate strategies to avoid the effect 
of confounding factors. The risk of bias was classified as low 
(met 5–7 items), moderate (3, 4) and high (1, 2) risk of bias.

Statistical analysis and reporting: the analytical strategy, 
models of development strategy, and reporting of results 
were assessed. The risk of bias was classified as low (met 4 
items), moderate (2, 3) and high (1).

In addition to the guidelines provided by the QUIPS scale 
to judge the risk of bias in each item, supplementary com-
ments were developed to facilitate the consensus. Studies 
were classified as follows:

• low risk of bias, requires at least five domains judged as 
low risk of bias and none classified as high risk of bias;

• moderate risk of bias for those cases with (1) five items 
classified as low risk of bias and one item judged as high 
risk of bias, or (2) two items evaluated as moderate risk of 
bias;

• high risk of bias for those cases with at least two items 
judged as high risk of bias or at least three items evaluated 
as moderate risk of bias.

The weighted kappa coefficient (Kw) for the six do-
mains was measured to assess inter- rater reliability.26 
Disagreements and uncertainties were solved through dis-
cussion with senior reviewers (JJJM and JZ).

2.4 | Data synthesis and meta- analysis

To determine the method to combine individual studies data 
in the meta- analysis, the characteristics and the results of 
each included study were assessed. To combine the informa-
tion from every study, the exposed levels of POPs expressed 
as continuous data in groups of GDM and non- GDM preg-
nant women was used. Studies that only showed association 
measurements (e.g. OR, log OR, ln- OR per- unit increment, 
RR per unit of increase of SD, terciles, quartiles and quin-
tiles) were excluded from meta- analyses. Mean values and 
standard deviations were used when provided. If not pro-
vided, the median as a mean approximation was used, and 
SD was estimated using the IQR according to the formula: 
(SD = IQR/1.35). The standardised mean difference was in-
terpreted according to the following cut- off point: ‘Small 
standardised mean difference: 0.2–0.5, medium 0.5–0.8 
and large >0.8’.27 A random- effects meta- analysis was con-
ducted separately for each exposure according to POP type. 
Heterogeneity was assessed using the I2 test. Publication bias 
was evaluated using a funnel plot and Egger's lineal regres-
sion asymmetry tests. Significance was considered at a P- 
value <0.05. Analyses were conducted using STATA software 
version 14.0.

3 |  R E SU LTS

3.1 | Literature search and study 
characteristic

From 161 identified studies, 78 duplicated records were re-
moved, and 83 screened by title and abstract. Accordingly, 
19 studies were selected for full- text screening after our ini-
tial search for studies, and 13 records met the selection crite-
ria (Figure 1). One additional article was identified by hand 
searching references28 and two records were added after the 
last update using alerts for the identification of new stud-
ies.23,24 Excluded records are provided in Table S2.

Of the 16 articles finally included in our systematic re-
view, 75% (n = 12) were cohort studies, 18.75% (n = 3) nested 
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4 |   KOUITI et al.

case–control studies and 6.25% (n = 1) a case–control study. 
Eight studies were conducted in China, five in the USA, 
and one each of the following countries: Spain, Greece and 
Canada. Four studies were derived from the Xicheng hospi-
tal cohort17,29–31 and three from the Life cohort.28,32,33 Total 
sample size ranged from 154 to 2747 pregnant women;34 
sample size median (IQR) of the cases and controls was 77 
(53–135) and 258 (154–1161), respectively. In most of the 
studies included in the systematic review, women were aged 
≥18 years, except for two studies which included women 
aged ≥16 years.35,36

Serum was used as a biological sample in most stud-
ies 68.75% (n = 11),17,23,24,28–33,36,37 plasma was used in 25% 
(n = 4)16,34,35,38 and only one study also combined two 
types of biological sample (urine and plasma).39 GDM was 
screened using the International Association of Diabetes 
and Pregnancy Study Groups criteria in eight stud-
ies17,23,24,29–31,34,37 and the Carpenter–Coustan criteria in 
three studies.16,36,38 The National Diabetes Data Group cri-
teria were used only once.35 One study screened GDM using 
two criteria: Canadian Diabetes Association and Society of 
Obstetricians and Gynaecologists of Canada.39 GDM diag-
nosis was self- reported in the three studies from the Life co-
hort18,28,33 (Table  S3). In all studies, regression analysis was 
adjusted by at least maternal age and body mass index (BMI), 
except for Xicheng hospital cohort studies, where age was 
used for a paired matched design.17,29–31 Exposure contrast 

was provided in different scales, and some studies supply two 
different measures.31,35–37,40 Three studies log- transformed 
the exposure level to estimate odds ratios,31,34,37 two studies 
presented log10- unit change OR,35,36 one study provided ln- 
unit change OR30 and one study provided risk ratio per each 
unit of increase of SD.16 Exposure levels were categorised as 
quartiles in five studies24,35,37–39 and terciles in three.23,30,36

3.2 | Study quality assessment

Risk of bias was moderate in most of studies 68.75% (n = 11), 
high in 25% (n = 4) and low in one study. Weaknesses were re-
lated to limited reporting of study attrition details in 81.25% 
(n = 13), exposure factor measurement in 31.25% (n = 5), out-
come measurement in 25% (n = 4) and study confounding in 
12% (n = 3) (Appendix S2). A weighted Kappa was calculated 
of the six domains and agreement was substantial between 
raters (weighted Kappa = 0.75).

3.3 | Data synthesis

3.3.1 | PFAS exposure and GDM risk

Findings regarding 10 PFAS were reported in eight 
studies.16,23,24,28,30,34,35,37–39 Results are summarised in 

F I G U R E  1  Flow chart diagram: study selection process.
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   | 5PERSISTENT ORGANIC POLLUTANT AND GESTATIONAL DIABETES MELLITUS

Table  S4. The approaches to measure the exposure to 
PFAS were very variable and were reported as per unit 
of increase of SD, per unit of increase according to a log 
scale or categorised from the original data. The Liu et al.29 
study estimated the association between dioxin- like com-
pounds using total toxic equivalent (TEQ); this was es-
timated only in this study. Their results showed a TEQ 
of 0.025 versus 0.015 ng/ml in cases and controls, respec-
tively (P = 0.020).29 For most PFAS, such as PFBS, PFDoA 
and PFHpA, the association was isolated and reported in 
a specific study with moderate risk of bias (Table S4).34,37 
Our meta- analysis based on continuous data shows a 
small mean difference on the PFHpA exposure between 
GDM cases and controls (SMD = 0.26, 95% CI 0.17–0.35, 
I2 = 0.0%) and no considerable mean difference was ob-
served for the rest of the PFAS (Figure 2).

3.3.2 | PCB exposure and GDM risk

Five studies16,17,32,36,39 analysed the association between 16 
PCBs and risk of GDM (Table S5). Only two studies with low 
and moderate risk of bias16,17 reported a positive association 
between some PCBs, such as PCB18 and PCB101, and GDM 
(Table S5). Additionally, TEQs of PCB101 were 1.40 versus 
0.99 pg/g in cases and controls respectively (P = 0.005).29 
Although Jaack et  al.32 stressed an inverse association be-
tween PCB (#138–153, 156, 167, 170, 180, 194) and GDM 
(Table S5), the risk of bias in their results was classified as 
high. The pooled standardised mean difference for three 
PCBs (PCB138, PCB153 and PCB180) was estimated. Our 
results show a small mean difference on the PCB180 expo-
sure between GDM cases and controls (SMD = 0.37, 95% CI 
0.19–0.56, I2 = 25.3%). High heterogeneity was observed for 
PCB 138 and PCB 153 (Figure 3).

3.3.3 | PBDE exposure and GDM risk

Results related to seven PBDE were summarised from three 
studies (Table S6).16,31,33 The association between PBDE and 
GDM was positive or negative, depending on the type of 
PBDE. Two studies, with moderate quality, describe a higher 
risk of GDM for BDE47, 54 and 183.29,31 In contrast, our meta- 
analysis show a small mean difference for BDE47, BDE99 and 
BDE100 exposure between GDM cases and control: respec-
tively 0.23, 95% CI 0.00–0.45, I2 = 0%; 0.36, 95% CI 0.14–0.59, 
I2 = 0%; and 0.42 (95% CI 0.19–0.64, I2 = 0%) (Figure 3).

3.3.4 | OCP exposure and GDM risk

Findings related to three OCPs were reported in four stud-
ies (Table  S7).16,33,36,39 Meta- analysis results between HCB 
and GDM show a small mean difference on the standardised 

mean difference between cases and controls (0.22, 95% CI 
0.01–0.42, I2 = 39.6%). No considerable difference was ob-
served for p,p′DDE (Figure 4).

Publication bias results are reported in Appendix S3.

4 |  DISCUSSION

4.1 | Main findings

In this systematic review and meta- analysis, the pooled ef-
fect of the standardised mean difference between GDM 
cases and controls of 20 POPs was estimated. Generally, 
the associations found were for isolated POPs subtypes and 
were based on a small number of studies. Small mean differ-
ences were observed for PFHpA, PCB 180, BDE 47, BDE99, 
BDE100 and HCB. No considerable difference was observed 
for the rest of POPs.

4.2 | Strengths and limitations

Our systematic review and meta- analysis have several 
strengths. First, to our knowledge this is the first systematic 
review with meta- analysis including exclusively prospective 
studies assessing the association of several POPs and risk 
of GDM (prospective studies based on the measurement of 
the level of POPs exposure prior to the diagnosis of GDM). 
Secondly, we used a strengths algorithm for research that 
included the different possible names of included POPs. 
Moreover, only exposures measured in biospecimens were 
included. Thirdly, to reduce possible bias due to the design 
of studies and estimate a possible causal effect association 
between the exposure and the outcome, only prospective 
cohort and case–control studies where the exposure was 
measured at the beginning of or before pregnancy were 
included. However, we cannot be sure that no cases of ges-
tational diabetes appeared at the beginning of pregnancy, 
even if diagnosed later. And finally, this systematic review 
was conducted according to the protocol previously regis-
tered in PROSPERO and was reported according to PRISMA 
recommendations.

Our findings may be limited by the quality of included 
studies and therefore should be interpreted with caution. 
Furthermore, owing to the limited data combinable for each 
exposure, we were unable to conduct a dose–response analy-
sis, assess the sources of heterogeneity by subgroup analysis, 
or analyse the publication of bias. However, the risk of bias of 
each study was assessed by two authors independently using 
an adapted and strong instrument (QUIPS). Another lim-
itation may be related to residual confounders. Information 
related to diet and physical activity, factors closely associ-
ated with GDM, and the possible effect of not measured con-
taminants, such as metals and non- organic pollutants, was 
missed in most studies.
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6 |   KOUITI et al.

4.3 | Interpretation

POPs have been defined as endocrine disruptors; they affect 
glucose metabolism by reducing insulin secretion and dis-
rupt glucose homeostasis,41,42 and have been associated in 

several studies with a high risk of diabetes mellitus type 2 
and other metabolic diseases. On this basis, we hypothesised 
the existence of an association between POPs and GDM.10

The systematic review by Wang et  al.43 suggested a sig-
nificant association between PFOA and GDM, while no 

F I G U R E  2  Pooled estimate of SMD with 95% CI of PFAS and 
gestational diabetes mellitus cases versus controls.
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association was observed for the rest of PFAS. A recent sys-
tematic review found a significant association with GDM 
estimated for the sum of subgroups POPs; ∑PCB congeners, 
∑PBDE compounds and ∑PFAS chemicals, and when most 

of these exposures were analysed separately. Meanwhile, 
high heterogeneity was observed in all meta- analyses, in-
cluding the sum for each POP categories, and in most meta- 
analyses analysing POPs separately.19 Discrepancies between 

F I G U R E  3  Pooled estimate of SMD with 95% CI of PCBs and PBDE with gestational diabetes mellitus cases versus controls.

F I G U R E  4  Pooled estimate of SMD with 95% CI of OCPs and gestational diabetes mellitus cases versus controls.
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8 |   KOUITI et al.

systematic reviews can be explained by the differences in the 
way the individual studies were combined. These systematic 
reviews combined different scales of measurement of associ-
ation in the same meta- analysis. Another factor influencing 
the results could be the selection criteria established in each 
systematic review.

Although several studies consider that the sum of POPs 
may increase the risk of GDM, interpreting these results is 
challenging, as the correlation between the different com-
pounds is unclear, and different congeners can have oppo-
site effects.17,30 For example, when the association between 
a PFAS exposure and GDM was controlled by other PFAS, 
it appears that the PFOS, PFNA and PFHpA are the main 
contributors to this association.34 This is why the results of 
the overall effect for ∑PFAS, ∑PCBs, ∑PBDE and ∑OCPs are 
not provided in our meta- analysis.

When exposure was measured after the occurrence of 
the outcome, the association was less clear. A cohort ana-
lysing placental samples of 86 participants showed a neg-
ative association between PCBs and PBDE and GDM.44 A 
case–control study of 86 participants showed an inverse as-
sociation between PCBs and PBDE with GDM.44 Another 
case–control study of 140 participants, showed a positive 
association between Ln PCB 187, 118 and Ln PBDE99 with 
GDM, and an inverse association with Ln PCB28.45 Results 
from Valvi et  al., 2017 suggest a significative association 
between DDE and GDM, while the association with PCBs 
congeners and PFAS was not significant.46 Several factors 
closely associated with GDM, such as gestational weight 
gain, diabetes mellitus and GDM history, may be responsi-
ble for these differences.

Our results suggest a possible association between some 
types of POPs and GDM. Data with better quality and ho-
mogeneity are required to carry out stronger reviews and 
more consistent and concise conclusions. In this systematic 
review, we join other authors in stressing the need for a stan-
dardised approach to studying and analysing POPs and the 
creation of a consortium with individual data.15,47

5 |  CONCLUSION

This systematic review and meta- analysis of prospective 
studies provides a synthesis of the possible effect of POPs ex-
posure in increasing the risk of GDM. There are insufficient 
data to analyse each exposure with more consistency and 
conduct a dose- response analysis. To confirm our results 
and draw stronger conclusions, further research is needed to 
ensure that the effects measured are due to a specific pollut-
ant or the entire sub- category. In particular, a standardised 
method of studying POPs is required to make combining re-
sults more consistent.
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Abstract
Objective: To evaluate the effect of replacing 1 h/week of watching television with 
1 h/week of light to moderate (LMPA) or vigorous physical activity (VPA) before and 
during pregnancy on the risk of gestational diabetes mellitus (GDM).
Methods: A case–control study was conducted in pregnant women. Physical activ-
ity and television watching before and during pregnancy were assessed using the 
Paffenbarger Physical Activity Questionnaire. Each type of activity was classified ac-
cording to intensity (metabolic equivalent of task; MET): less than 6 METs is LMPA, 6 
METs or more is VPA. The duration of physical activity and watching television was 
calculated, and logistic regression models were used to estimate adjusted odds ratios 
(aOR) and 95% confidence intervals for their association with GDM risk. The isotem-
poral substitution model was used to calculate the effect of replacing 1 h/week of 
watching television with the same duration of physical activity.
Results: The GDM cases (n = 290) spent less time performing VPA than controls without 
GDM (n = 1175) and more time watching television during pregnancy (P < 0.05). During 
pregnancy, the risk of GDM increased for each hour of watching television (aOR = 1.02; 
95% confidence interval 1.00–1.03). Women who spent more time watching televi-
sion during pregnancy were likely to develop GDM (aOR>14 h/week vs. 0–6 h/week = 2.03; 
95% confidence interval 1.35–3.08). Replacing 1 h/week of watching television with 
1 h/week of VPA during pregnancy could decrease the chance of developing GDM 
(aOR = 0.66; 95% confidence interval 0.43–1.00).
Conclusions: A simple change of 1 h/week of watching television for 1 h/week of VPA 
in pregnant women may reduce the risk of GDM considerably.
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1  |  INTRODUC TION

Gestational diabetes mellitus (GDM) is the most frequent pregnancy 
complication, representing 75%–90% of cases of hyperglycemia during 
pregnancy.1 Furthermore, GDM is associated with a high risk of cesar-
ean, preterm delivery, and macrosomia.2 In the long term, women with 
GDM antecedents show an increased incidence of type 2 diabetes mel-
litus, cardiovascular diseases, and kidney diseases.3,4 Epidemiological 
studies affirm the importance of regular physical activity and little 
sedentary behavior to prevent pregnancy complications such as GDM, 
gestational weight gain, preterm birth, and some neonatal outcomes, 
like macrosomia and birth trauma.5–9 In particular, high sedentary be-
havior can increase the risk of maternal and fetal health outcomes.7,10 
In this sense, WHO recommends that pregnant women replace seden-
tary behaviors with any intensity of physical activity.11

Although it is known that physical activity prevents GDM,12 re-
sults related to the most effective type of physical activity and inter-
vention strategies for preventing GDM remain inconclusive.13,14 This 
may be because previous intervention studies did not reach the min-
imum level of physical activity necessary to reduce GDM.15 In addi-
tion, we must consider that a day is limited to 24 h and spending time 
on one activity may substitute the realization of another.16 In this 
way, the behavior replaced shows an influence over the magnitude 
of the effect on other pathologies such as depression and type 2 di-
abetes.17,18 Although a traditional model does not consider possible 
differences produced by removing or reallocating other behaviors, 
the isotemporal substitution model allows us to evaluate the effect 
of behavior replacement.16 To our knowledge, this is the first study 
to assess the effect of replacing time spent watching television with 
physical activity on the risk of GDM.

Considering all of the above and that pregnant women tend to 
reduce their physical activity practice and spend more time in sed-
entary behaviors during pregnancy,10,19–22 we aimed to estimate the 
effect of replacing 1 h/week of watching television with 1 h/week of 
light to moderate (LMPA) or vigorous physical activity (VPA) before 
and during pregnancy on the risk of GDM.

2  |  MATERIAL S AND METHODS

2.1  |  Study design, setting, and participants

This case–control study consisted of pregnant women with GDM 
(cases) and pregnant women without GDM (controls). It was con-
ducted in the catchment area of Virgen de las Nieves University 
Hospital of Granada, Spain (Project of Excellence of the Junta de 

Andalucía CTS 05/942). This project was approved by the Ethics 
Committee of the University of Granada and Virgen de las Nieves 
Hospital.

All women included met the following inclusion criteria: (1) age 
equal to or older than 18 years; (2) Spanish nationality; (3) singleton 
pregnancy; (4) pregnancy without complications, and (5) included 
in the Andalusian Program of Infant–Maternal Health, with uni-
versal and public coverage. In addition, cases had to be diagnosed 
with GDM, as described below. One in five women who attended 
the programmed visit at 20–22 weeks of gestation were systemati-
cally informed about the study; informed consent was obtained for 
participation. The study methodology has been described in detail 
previously.23

2.2  |  Outcome assessment

Cases of GDM were identified weekly among the pregnant women 
interviewed by consulting the 50 g glucose and oral glucose tol-
erance test results (24–28 weeks of gestation). In this way, GDM 
was diagnosed according to the National Diabetes Data Group 
criteria. Cut-off points were determined for the time points, fast-
ing, 1, 2, and 3 h, as 105, 190, 165, and 145 mg/dL, respectively. 
Participants were attributed to the case group if at least two 
measurements equaled or exceeded the cut-off point. The control 
group had a negative 50 g glucose challenge test (<140 mg/dL) or 
a positive 50 g glucose test (≥140 mg/dL) and a negative diagnostic 
oral glucose tolerance test.27

In total, 1222 controls and 299 cases were initially invited to par-
ticipate. The final sample for this analysis comprised 1175 healthy 
pregnant women and 290 pregnant women diagnosed with GDM 
(Figure 1).

2.3  |  Physical activity and 
television-watching assessment

Information on physical activity and television watching were col-
lected for 1 year before and during pregnancy using the Paffenbarger 
Physical Activity Questionnaire, validated for Spanish pregnant 
women.24,25 Physical activity was differentiated as: leisure-time 
physical activity, including walking, cycling, swimming, aerobic ac-
tivity, dancing, mountain excursions, gym, and gardening. Frequency 
(days per week) and duration (minutes per session) were collected 
for each activity. Leisure-time physical activities were categorized 
as: (1) LMPA, including walking, gym, swimming, and gardening 

Funding information
FIS Scientific Research Project, Grant/
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Award Number: CTS 05/942; Universidad 
de Granada/CBUA
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(metabolic equivalent of task [MET] <6); and (2) VPA, including cy-
cling, aerobics activities, dancing, and mountain hiking (METs ≥ 6) ac-
cording to Be et al.26

Other physical activities and information related to occupational, 
household, and displacement activities were collected.

In this way, the time (h/week) of LMPA, VPA, and watching 
television before and during pregnancy was calculated. These 
variables were categorized based on the distribution of controls 
(LMPA 0; >0–≤1; >1–≤3.75; >3.75 h/week; VPA 0; >0–≤2.5; 
>2.5 h/week; watching television ≥0–≤6; >6–≤ 2.25; >12.25–≤14; 
>14 h/week).

In addition, the joint effect of LMPA–watching television and 
VPA–watching television before and during the pregnancy was 
evaluated from the median of the control group. Thus, four catego-
ries were derived by combining low or high LMPA with low or high 
watching television. Similarly, the combined effect of VPA–watching 
television was analyzed.

2.4  |  Covariate assessment

Sociodemographic characteristics, lifestyle habits, anthropomet-
rics, antecedents, and obstetrics data were requested. In addition, 
information on diet was collected using an adapted and validated 
food frequency questionnaire.28 Using this, the adherence to a 
Mediterranean diet was classified using the Mediterranean Diet 
score proposed by Trichopoulou et al.29 as: low (0–3 points), medium 
(4–5 points), and high adherence (≥6 points).

2.5  |  Statistical analysis

Participant characteristics were reported as mean and standard de-
viation for quantitative variables, and percentages for categorical 

variables. The comparison between GDM cases and controls was 
performed using the χ2 or Student t-test for categorical and continu-
ous variables, respectively.

Logistic regression models were used to estimate the odds 
ratio and 95% confidence interval for the association between lei-
sure-time physical activity (LMPA and VPA), watching television, 
and the joint effect of LMPA–watching television and VPA–watch-
ing television before and during pregnancy on the GDM risk. The 
following confounder factors were used for adjustment: maternal 
age, body mass index (BMI, calculated as weight in kilograms di-
vided by the square of height in meters), educational level, smok-
ing, GDM antecedent, Mediterranean diet adherence, and energy 
intake. Additionally, the logistic regression models used to evalu-
ate the association between GDM and physical activity (LMPA and 
VPA) were adjusted by watching television and watching television 
models by LMPA and VPA.

The effect produced by replacing 1 h/week watching television 
with 1 h/week of LMPA or VPA on the risk of GDM was analyzed 
through isotemporal substitution models. Odds ratios and 95% con-
fidence interval were estimated as the difference between the beta 
coefficient of the two activities studied and then exponentiated. 
The odds ratio reflects the reduction in GDM risk that is observed 
when the mean time spent in LMPA or VPA increased by 1 h/week 
because the mean time spent watching television decreased by 1 h/
week.

We also conducted sensitivity analyses by rerunning the iso-
temporal substitution model, excluding women with family di-
abetes mellitus antecedents, those with a BMI of 30 or more, 
those older than 35 years, and with two or more pregnancies (see 
Table S1).

The statistical analysis was performed using STATA 15.0 
(StataCorp LLC, College Station, TX, USA). All statistical tests 
were two-sided, and statistical significance was set at P less 
than 0.05.

F I G U R E  1  Participant flowchart.

Women invited to 
participate in control 

group  

19 did not have full 
interview 

13 declined participation 

Controls  
n = 1175 

Women invited to 
participate in case group  

n = 299 

1 treated with diet for 
GDM 

GDM cases  
n = 290 

1 excluded due to 
missing data  

7 declined participation 

15 excluded due to 
missing data  
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3  |  RESULTS

3.1  |  Study population

Cases with GDM were older, most often had obesity, and gained 
more weight during pregnancy until recruitment than the controls. 
In addition, the cases with GDM more often had a history of abor-
tion, were more likely to be multiparous, and more frequently had 
GDM and diabetes mellitus family antecedents (P < 0.001) (Table 1). 
Lifestyle habits, including smoking, alcohol consumption, energy in-
take, Mediterranean diet adherence, leisure-time physical activity, 
and watching television before and during pregnancy of cases and 
controls, are shown in Table 2. GDM cases consumed more energy 
before pregnancy than controls (P = 0.040). Regarding leisure-time 

physical activity and watching television, differences between GDM 
cases and controls were observed during pregnancy; GDM cases 
spent less time performing VPA than controls (0.06 vs 0.15 h/week) 
and more time watching television (16.01 vs 13.97 h/week).

3.2  |  Association between leisure-time physical 
activity and watching television before and during 
pregnancy on the risk of GDM

Table 3 shows the association between leisure-time physical ac-
tivity, watching television, the joint effect of LMPA–watching tel-
evision and VPA–watching television on the GDM risk. During 
pregnancy, for each hour of VPA performed, the probability of GDM 

TA B L E  1  Sociodemographic, anthropometric, antecedent, and obstetric characteristics of gestational diabetes mellitus (GDM) cases 
and controls.

Controls (n = 1175) GDM cases (n = 290) P-value

Maternal age (years), mean (SD) 29.80 (5.14) 33.49 (5.51) <0.001
<25 178 (15.1) 18 (6.2) <0.001
25–29 345 (29.4) 49 (16.9)
30–34 436 (37.1) 91 (31.4)
35–39 199 (16.9) 95 (32.8)
≥40 17 (1.5) 37 (12.7)

Educational level 0.157
Primary 478 (40.7) 136 (46.9)
Secondary 339 (28.8) 74 (25.5)
University 358 (30.5) 80 (27.6)

Body mass indexa <0.001
Normal weight 786 (67.0) 117 (40.3)
Overweight 267 (22.8) 80 (27.6)
Obesity 120 (10.2) 93 (32.1)
Missing 2 -

Gestational weight gain (kg), mean (SD) 3.71 (3.51) 5.41 (5.13) <0.001
Previous abortion <0.001

0 933 (79.4) 202 (69.3)
1 199 (16.9) 68 (23.4)
≥2 43 (3.7) 21 (7.3)

Pregnancies <0.001
0 555 (47.2) 106 (36.5)
1 365 (31.1) 89 (30.7)
2 168 (14.3) 56 (19.3)
3 61 (5.2) 22 (7.6)
≥4 26 (2.2) 17 (5.9)

GDM antecedents <0.001
No 1152 (98.0) 233 (80.3)
Yes 23 (2.0) 57 (19.7)

Family diabetes mellitus antecedents <0.001
No 875 (74.5) 156 (53.8)
Yes 300 (25.5) 134 (46.2)

Note: Data are n (%) except if mean (SD) is indicated.
Abbreviation: SD, standard deviation.
aCalculated as weight in kilograms divided by the square of height in meters.
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reduced (adjusted odds ratio [aOR] = 0.72; 95% confidence inter-
val 0.48–1.07), whereas for each hour watching television, the risk 
increased (aOR = 1.02; 95% confidence interval 1.00–1.03). In this 
way, those women who spent more time watching television dur-
ing pregnancy were approximately twice as likely to develop GDM 
(aOR>14 h/week vs 0–6 h/week = 2.03; 95% confidence interval 1.35–3.08). 
When combining LMPA–watching television, those women with low 
LMPA and high watching television during pregnancy presented 
the highest risk of GDM (aOR = 1.76; 95% confidence interval 1.14–
2.71). A similar behavior was observed for the joint effect of VPA–
watching television (aOR = 1.62; 95% confidence interval 0.86–3.05) 
for women with low VPA and high watching television.

3.3  |  Substitution of watching television with 
LMPA and VPA before and during pregnancy

Replacing 1 h/week of watching television with 1 h/week of VPA 
during pregnancy may reduce the likelihood of developing GDM 
(aOR = 0.66; 95% confidence interval 0.43–1.00). However, no as-
sociation was observed when replacing 1 h of watching television 
with 1 h of LMPA (Table 4). Sensitivity analysis performed exclud-
ing women at high risk of developing GDM did not show substantial 
changes with previous results (see Table S1).

4  |  DISCUSSION

To our knowledge, this is the first study to assess the effect of re-
placing 1 h/week of watching television with 1 h/week of LMPA or 
VPA on the risk of GDM. Briefly, women with GDM performed less 

physical activity and spent more time watching television than con-
trols during pregnancy. Performing VPA during pregnancy seems to 
reduce the probability of GDM. In addition, replacing 1 h/week of 
watching television with 1 h/week of VPA during pregnancy could 
reduce GDM risk by 34%.

The association between physical activity and GDM has been 
mainly studied using a traditional method based only on identify-
ing associated factors (e.g. multivariant logistic regression). This ap-
proach does not consider possible differences due to the removal 
or reallocation of other behaviors, which can be analyzed using the 
isotemporal substitution model.

Our results suggest that performing VPA during pregnancy 
could reduce the probability of GDM, whereas watching television 
increases the likelihood of GDM. However, only 19.4% and 27.5% 
of participants met leisure-time physical activity recommendations 
before and during pregnancy, respectively, as described previ-
ously.22 In line with our results, Oken et al.30 did not report any as-
sociation for LMPA, whereas VPA seemed to protect against GDM, 
although no statistically significant association was observed due 
to possible precision issues (only 91 cases of GDM and a cohort de-
sign). Likewise, a cohort study of 2388 American pregnant women 
showed that VPA improved maternal glucose metabolism.31 In 
addition, the results of the Nurses Health Study II and Wagnild 
et al.32 suggested that watching television could increase GDM, 
findings similar to ours.33 In contrast, no association was observed 
between watching television and GDM in two cohorts conducted 
in Eastern and Singapore populations.30,34 These last two cohorts 
were characterized by moderate to small sample sizes for cohort 
studies. These cohorts were realized with populations at high risk 
of GDM (e.g. in Padmapriya et al.,34 the prevalence of GDM was 
18.6%). In this type of population, it may be difficult to correctly 

TA B L E  2  Lifestyle behaviors before and during pregnancy of cases and controls.

Before pregnancy During pregnancy

Controls (n = 1175)
GDM cases 
(n = 290) P-value Controls (n = 1175)

GDM cases 
(n = 290) P-value

Smoking

Never 504 (42.9) 110 (37.9) 0.188 504 (42.9) 110 (37.9) 0.207

Ex-smoker 242 (20.6) 72 (24.8) 242 (20.6) 71 (24.8)

Quit smoking – – 209 (17.8) 59 (20.3)

Smoker 429 (36.5) 108 (37.2) 220 (18.7) 49 (16.9)

Alcohol consumption (g), mean (SD) 2.41 (4.24) 2.61 (4.14) 0.460 0.10 (0.67) 0.06 (0.32) 0.306

Energy intake (kcal/day), mean (SD) 2593.69 (808.75) 2706.64 (959.79) 0.040 2563.27 (779.98) 2494.84 (834.20) 0.187

Mediterranean diet adherence

Low 725 (61.7) 171 (59.0) 446 (38.0) 112 (38.6) 0.663

Medium 377 (32.1) 102 (35.2) 0.604 512 (43.6) 131 (45.2)

High 73 (6.2) 17 (5.87) 217 (18.5) 47 (16.2)

LMPA (h/week), mean (SD) 2.60 (3.75) 2.38 (3.59) 0.372 2.73 (3.39) 2.73 (3.76) 0.984

VPA (h/week), mean (SD) 0.76 (2.03) 0.52 (1.41) 0.058 0.15 (0.67) 0.06 (0.27) 0.025

Watching television (h/week), mean (SD) 12.95 (9.13) 13.95 (9.69) 0.100 13.97 (9.76) 16.01 (10.93) 0.002

Note: Data are n (%) except if mean (SD) is indicated.
Abbreviations: GDM, gestational diabetes mellitus; LMPA, light to moderate physical activity; SD, standard deviation; VPA, vigorous physical activity.
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estimate the magnitude of the effect of risk factors such as physi-
cal activity and sedentary behavior on the risk of GDM as a conse-
quence of the presence of other risk factors.

Our findings related to the isotemporal substitution model 
show that replacing 1 h/week of watching television with 1 h/week 
of VPA during pregnancy could reduce the risk of GDM by 34%. 
These results cannot be compared with other literature, as no pre-
vious study has been found that used the isotemporal substitution 
model for GDM. Our study supports the importance of reducing 
the time spent watching television and instead performing physical 
activity, especially during pregnancy. A protective effect on GDM 
is observed when watching television is replaced by VPA. However, 
current guidelines recommend that pregnant women engage in 

moderate physical activity,21,35 which might not be enough to pro-
tect against GDM.15 Therefore, these results could have important 
clinical implications.

Until several decades ago, physical activity had been discouraged 
in pregnancy due to theoretical concerns of exercise-induced injury 
leading to adverse fetal and maternal outcomes.36 However, some ev-
idence from observational studies has suggested that the risk of GDM 
was decreased by 20%–55% among women with physical exercise of 
varying durations and intensity before or during pregnancy.30,33,37 
These studies support the performance of pregnancy-appropriate 
VPA as long as there is no prior contraindication for the woman. An 
example of exercise could be aerobic arm exercises or any other VPA 
that does not stimulate the production of uterine contractions.

TA B L E  3  Association between physical activity and watching television before and during pregnancy on the risk of gestational diabetes 
mellitus (GDM).

Before pregnancy During pregnancy

Controls/GDM cases aOR (95% CI)a Controls/GDM cases aOR (95% CI)b

LMPA (h/week)

For each hour 0.97 (0.93–1.02) 1.00 (0.96–1.05)

0 389 (33.1)/112 (38.6) Reference 310 (26.4)/85 (29.3) Reference

>0–≤1 214 (18.2)/38 (13.1) 0.58 (0.37–0.92) 278 (23.7)/44 (15.2) 0.58 (0.38–0.91)

>1–≤3.75 284 (24.2)/78 (26.9) 0.85 (0.58–1.24) 319 (27.1)/90 (31.0) 0.97 (0.66–1.42)

>3.75 288 (24.5)/62 (21.4) 0.60 (0.40–0.90) 268 (22.8)/71 (24.5) 0.94 (0.62–1.42)

VPA (h/week)

For each hour 0.95 (0.87–1.05) 0.71 (0.48–1.06)

0 855 (72.8)/221 (76.2) Reference 1065 (90.6)/269 (92.8) Reference

>0–≤2.5 196 (16.7)/49 (16.9) 1.02 (0.68–1.51) 90 (7.7)/21 (7.2) 1.03 (0.59–1.80)

≥2.5 124 (10.5)/20 (6.9) 0.82 (0.47–1.40) 20 (1.7)/0 (0.0) –

Watching television (h/week)

For each hour 1.00 (0.99–1.02) 1.02 (1.00–1.03)

≥0–≤6 209 (17.8)/54 (18.6) Reference 184 (15.7)/42 (14.5) Reference

>6–≤12.25 356 (30.3)/74 (25.5) 0.88 (0.56–1.38) 331 (28.2)/64 (22.0) 0.90 (0.55–1.47)

>12.25–≤14 333 (28.3)/78 (26.9) 0.95 (0.61–0.50) 333 (28.3)/77 (26.5) 1.05 (0.64–1.70)

>14 277 (23.6)/84 (29.0) 1.10 (0.69–1.77) 327 (27.8)/107 (36.9) 1.51 (1.93–2.45)

Joint effect LMPA–watching television

High LMPA–low watching television 451 (38.4)/108 (37.3) Reference 429 (36.5)/103 (35.5) Reference

High LMPA–high watching television 121 (10.3)/32 (11.0) 0.98 (0.59–1.66) 158 (13.4)/43 (14.8) 1.15 (0.72–1.84)

Low LMPA–low watching television 447 (38.0)/98 (33.8) 1.09 (0.77–1.54) 419 (35.7)/80 (27.6) 0.84 (0.58–1.21)

Low LMPA–high watching television 156 (13.3)/52 (17.9) 1.45 (0.91–2.29) 169 (14.4)/64 (22.1) 1.76 (1.14–2.71)

Joint effect VPA–watching television

High VPA–low watching television 266 (22.6)/57 (19.7) Reference 89 (7.6)/17 (5.9) Reference

High VPA–high watching television 54 (4.6)/12 (4.1) 0.86 (0.39–1.90) 21 (1.8)/4 (1.4) 0.77 (0.19–3.11)

Low VPA–low watching television 632 (53.8)/149 (51.4) 0.99 (0.67–1.44) 759 (64.6)/166 (57.2) 0.99 (0.54–1.80)

Low VPA–high watching television 223 (19.0)/72 (24.8) 1.24 (0.78–1.97) 306 (26.0)/103 (35.5) 1.62 (0.86–3.05)

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; LMPA, light to moderate physical activity; VPA, vigorous physical activity.
aAdjusted for maternal age, body mass index (calculated as weight in kilograms divided by the square of height in meters), education level, smoking 
before pregnancy, GDM antecedents, Mediterranean diet adherence before pregnancy, and energy intake before pregnancy.
bAdjusted for maternal age, body mass index (calculated as weight in kilograms divided by the square of height in meters), education level, smoking 
during pregnancy, GDM antecedents, Mediterranean diet adherence during pregnancy, and energy intake during pregnancy.
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Some limitations should be considered when interpreting our 
findings. First, physical activity was derived from a self-reported 
questionnaire (based on the Paffenbarger questionnaire). This form 
of collecting information related to physical activity is the most fre-
quently used in epidemiological studies. The questionnaire used in 
our study to assess physical activity has been used previously and 
validated for Spanish pregnant women.25 We would have liked to 
analyze the role of physical activity in developing a hydrocarbon in-
tolerance during pregnancy. This would have allowed us to analyze 
a possible dose–response effect. However, we used a case–control 
design and this relationship cannot be studied. On the other hand, 
our study has some strengths: (1) to our knowledge, it is the first 
study analyzing the association between physical activity, watching 
television, and GDM risk using an isotemporal substitution model; 
(2) a large sample size was included in our analyses; (3) our sample 
is representative of healthy Spanish women in the south of Spain. 
Furthermore, the loss of participants for not attending the pro-
grammed visits was minimal, as prenatal care protocol covers up 
to 99% of the population of pregnant women in the public hospi-
tal; (4) most GDM cases (97.0%) and controls (96.2%) had detailed 
information about physical activity; (5) residual confounders, such 
as Mediterranean diet adherence, smoking, GDM antecedents, and 
energy intake, were measured and adjusted for. However, we can-
not rule out the absence of confounding by other exposures/agents 
related to physical activity, television watching, and GDM.

5  |  CONCLUSIONS

A simple change of 1 h/week of watching television for 1 h/week of 
VPA in pregnant women may reduce the risk of GDM considerably. 
In this way, our finding reinforces the potential benefits of preg-
nancy-appropriate physical activity and reducing sedentary behav-
iors, specifically the time spent watching television, on GDM risk.
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Abstract: Several epidemiological studies have analyzed the effects of lifestyle modification on
reducing the risk of gestational diabetes mellitus (GDM); however, their results remain inconsistent.
This umbrella review aims to evaluate the effects of diet and/or physical activity interventions
during pregnancy on preventing GDM. Systematic reviews and meta-analysis of randomized clinical
trials reporting preventive effects of diet and/or physical activity in reducing the incidence of
GDM were included from PubMed, Web of Science, Scopus and Cochrane library. Two authors
independently assessed the overlapping and quality of the 35 selected reviews using AMSTAR
2. The results, although variable, tend to defend the protective role of diet and physical activity
interventions separately and independently of each other in the prevention of GDM. However, the
results for the combined interventions show a possible protective effect; however, it is not entirely
clear because most of the analyzed meta-analyses tend to approach 1, and heterogeneity cannot be
ruled out. Establishing conclusions about the most efficient type of intervention and a dose–effect
relationship was not feasible given the low quality of systematic reviews (83% low to critically
low) and the variability in reporting interventions. Therefore, more studies with better quality and
definition of the interventions are required. The protocol was previously registered in PROSPERO as
CRD42021237895.

Keywords: gestational diabetes mellitus; dietary intervention; physical activity intervention;
randomized controlled clinical trials; experimental studies; systematic reviews; meta-analysis

1. Introduction

Gestational Diabetes Mellitus (GDM) is the most frequent metabolic disease identified
during pregnancy and is a growing public health problems. GDM has been associated
with both short- and long-term adverse maternal and fetal health outcomes. Newborn
complications, for example, include macrosomia, hypoglycemia and birth trauma [1–3].
For the mother, GDM increases the risk of developing diabetes mellitus type 2 and the risk
of cardiovascular diseases [4–6]. Risk factors associated with GDM can be divided into
non-modifiable and modifiable. Age, family history of diabetes, the genetic component
and race have been described as non-modifiable risk factors of GDM [7–11].

However, among the main factors associated with a high risk of GDM is weight,
concretely overweight, obesity and an excessive weight gain during the pregnancy, which
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are factors that are potentially modifiable for GDM [9,12]. Thus, weight is very related to
the diet type and the level of physical activity. In public health, factors susceptible to change
improving lifestyle are very important for the prevention of diseases [13,14]. Sedentary
behavior and diet with high caloric intake increase the risk of developing GDM [15,16]. In
contrast, a Mediterranean diet pattern, for example, was associated with a lower risk of the
disease [17].

Epidemiologic studies examining the effects of diet and physical activity on GDM
prevention have increased in recent years. Several systematic reviews have been conducted
regarding this subject [18–20]; however, their results are still inconsistent, and the most
effective strategy remains unclear [21]. Some reviews defend that physical activity or
diet reduces the risk of GDM [22,23]. Whereas other systematic reviews do not show a
significant protective effect [24,25].

Several reasons may explain this lack of uniformity in the results of the systematic
reviews conducted to date. The quality of the reviews, the characteristics of the evaluated
diet and/or physical activity interventions, and the selection criteria used to select the
studies, including the characteristics of the population selected, could help us to understand
this heterogeneity. Therefore, we conducted an umbrella review to evaluate the effects of
diet and physical activity interventions on the prevention of GDM, through an evidence
synthesis of systematic reviews with or without meta-analysis of randomized clinical trials,
evaluating the quality of the methodology of each systematic review.

2. Materials and Methods

An umbrella review of systematic reviews/meta-analysis was conducted in accordance
with a previous protocol registered in PROSPERO (CRD42021237895).

2.1. Eligibility Criteria for the Selection of Systematic Reviews

The predefined inclusion criteria for our systematic review selection were: (1) Sys-
tematic reviews/meta-analysis based on randomized controlled trials. (2) Evaluating diet
and physical activity interventions, separately or in combination. (3) Including GDM as a
primary or secondary outcome. (4) Published in English, Spanish, French or Arabic from
the inception of the databases used for researching until December 2021. All narrative
reviews, gray literature, books and book chapters and communications at conferences were
excluded.

Exposure was defined as those interventions aimed at modifying lifestyle by improv-
ing diet and/or physical activity before and during pregnancy to prevent GDM compared
to the usual routine care. For data synthesis, studies were grouped according to the type of
intervention conducted.

2.2. Information Sources and Search Strategy

A literature search was conducted using the major biomedical sources, including
PubMed, Scopus, Web of Science and The Cochrane Library (Cochrane Database of System-
atic Reviews, Cochrane Methodology Register). In addition, the research was completed by
hand-searching the references included in each selected review, and alerts were activated
in PubMed and ResearchGate to stay updated.

A primary search was performed in December 2020. The search was rerun in December
2021. No additional systematic review was included in the update as none met our
inclusion criteria.

The following terms were combined when performing the search:

- Gestational diabetes mellitus, gestational diabetes.
- Activit*, physical activity, exercise, sport, training, fitness.
- Eating behaviors, feeding behaviors, eating habits, food habits, dietary habits, feeding

patterns, dietary pattern, diet.
- Systematic review, meta-analysis.
- Diabetes mellitus type 1, diabetes mellitus type 2, T2D, DM2, treatment.
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For example, in PubMed, a broad search was used combining natural language terms
and MeSH terms, the following search equation was applied: ((“gestational diabetes
mellitus” OR “gestational diabetes”) AND ((“physical activity” OR Activit* OR exercise OR
sport OR training OR fitness) OR (“eating behaviors” OR “feeding behaviors” OR “eating
habits” OR “food habits” OR “dietary habits” OR “feeding patterns” OR “dietary pattern”
OR diet))) AND (“systematic review” OR meta-analysis) NOT (“diabetes mellitus type
1” [Mesh] OR “diabetes mellitus type 2” [Mesh]). The same keywords were used in all
databases, adapting the equation to the form required in each. Further details about search
strategy are provided in Supplementary Material, (Tables S1–S3).

2.3. Study Selection and Extraction Data

Two members of the research team (MK and CHM) performed the search and selection
of systematic reviews and meta-analyses independently. By evaluating the title and the
abstract, a first screening of the reviews that met the selection criteria was made. If
there were any doubts or disagreements between the two researchers, the full text was
read. Persistent disagreements were resolved through the advice of a third investigator
(JJJM). Data extraction was conducted individually and independently by the same two
researchers who conducted the first search and selection of systematic reviews with or
without meta-analysis (MK and CHM). Information was stored in a structured way using
a database.

The relevant information included was the following: author, publication year, journal
and its impact factor according to Journal Citation Reports; number of studies included
in its systematic reviews; databases used in the search; publication years included in the
review; selection criteria of the systematic review; global sample size, characteristics of
the interventions related to diet and physical activity as frequency, intensity and length of
sessions; tools for evaluating the quality of the studies included in the reviews (Cochrane
Handbook, Jadad scale and GRADE); analysis of heterogeneity of the studies included in
the reviews, risk of publication bias assessment and review’s funding sources.

In the same way, the association measures used to evaluate the magnitude of the
association were extracted and analyzed: total relative risk (RR), odds ratio (OR) estimated
or risk difference (RD) and their 95% confidence intervals.

2.4. Quality Assessment

AMSTAR-2 was used to evaluate the quality of the systematic reviews included in the
umbrella. AMSTAR is a specific tool developed by B.J. Shea et al. to assess the quality of
systematic reviews of randomized controlled clinical trials for the evaluation of healthcare
interventions [26,27]. AMSTAR-2 improves the characteristics of AMSTAR, allowing a deep
evaluation of systematic reviews and both randomized and non-randomized studies.

The first items are dedicated to assessing the research question according to the PICO
structure, the selection criteria, the existence of a previously registered protocol, and the
justification of the type of design of the included studies in the systematic review. The
remaining items attempt to assess methodological aspects related to the interpretation of
the results and their discussion, in addition to the evaluation of the risks of bias and the
analysis of heterogeneity [28]. Of the 16 items, seven are considered critical weaknesses:
items 2, 4, 7, 9, 11, 13 and 15. The following describes how the evaluation of such items
was conducted:

(1) Item 2: The systematic review must explicitly report the use of a previous protocol
established before its implementation. If the protocol exists but has not been registered, the
answer to this item is a “partial yes”.

(2) Item 4: Evaluates the study search conducted. An adequate bibliographic search
must include at least the following criteria: use of at least two databases, reporting the
search strategy, keywords and restrictions that have been applied in the databases. When
these criteria are met, a “partial yes” evaluation is obtained. The “yes” rating requires
searching in the references of the selected articles, the gray literature, consulting experts
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and conducting the search within 24 months after the protocol and no more than 6 months
prior to the acceptance of work.

(3) Item 7: The mention of excluded studies allows obtaining a “partial yes” and a
“yes” requires explaining why they are excluded.

(4) Item 9: Assess the risk of bias of the selected studies (RCT) using adequate tools.
Blinding and randomization masking are required at least for a ‘partial yes’ (Cochrane
manual, GRADE or Jadad scale, for example). A “yes” qualification requires that the
authors evaluate the generation of a random sequence to allocate the participants to the
comparison groups.

(5) Item 11: Qualified as “yes” when the meta-analysis is justified, a random-effects
model is used in the combination of data and adjusted for heterogeneity if necessary.
Furthermore, the causes of heterogeneity are investigated.

(6) Item 13: Considering the risk of bias in the interpretation of results, including only
studies with a low risk of bias or discussing the possible impact on the results, allows a
“yes” classification.

(7) Item 15: It is evaluated as “yes” when the publication bias is explicitly reported
using a funnel graph or the performance of the Egger test. AMSTAR-2 tool was applied by
two researchers independently (MK and CHM). The doubts and disagreements that arose
were discussed and resolved by a third investigator (JJJM).

After assessing the quality of the systematic reviews included in our umbrella, the
results were stratified according to the following cut-off points for AMSTAR-2: (1) Critically
low quality: the systematic review does not meet more than one critical item, regardless of
the existence or not of non-critical weaknesses. (2) Low quality: the systematic reviews does
not meet a critical weakness, meeting or not the rest of the items identified as non-critical
weakness. (3) Moderate quality: the systematic review complies with all critical elements
and does not meet more than one non-critical weakness. (4) High quality: when all critical
elements are met, and there is only one non-critical weakness at most [28].

2.5. Overlapping Synthesis

When two or more systematic reviews investigated the same type of exposure and the
risk of GDM, the primary studies included in each review should overlap for the coinciding
time periods. In the present umbrella, the evaluation of the overlap was conducted accord-
ing to the method described by Pieper and Okoth [29,30]. Examination of overlap was done
for each intervention (physical activity, diet and mixed approach with both interventions).

In addition, reviews were distributed by year of publication (reviews published before
2015 and since 2015). To assess overlapping, the characteristics of the population were
also considered (pregnant women in general and pregnant women at high risk of suffering
GDM). For reviews that have an update, only the latest version was included in the overlap
assessment [25,31]. In systematic reviews where overlapping was assessed, a ‘Citation
Matrix’ was performed (Cross Tabulation Chart), including systematic reviews in columns,
and primary studies in rows were performed [32].

This matrix of citations made it possible to measure the overlap value with a method
called “Corrected Covered Area” (CCA) [30]. This procedure allows quantifying the
percentage in degrees of overlap between two or more reviews, helping in the decision-
making process on how to handle the overlap when it is present [30].

The equation to calculate the CCA is: (N-r)/(rc-r); Where “N” (grand total) is the
value that includes the number of primary studies evaluated in each of the systematic
reviews included, that is, the number of boxes selected in the citation matrix; “R” (rows)
is the number of rows of the primary studies investigated in the systematic reviews; “C”
(columns) is the number of columns corresponding to the systematic reviews included in
the overlap assessment. The CCA expressed as a percentage allows a classification of the
degree of the overlap as “very high” when the CCA is greater than 15%; “High” if the CCA
has a value between 11% and 15%; “Medium” when the CCA obtains the value of 6–10%;
and finally, “low” when the value is 0–5% [30].
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2.6. Data Synthesis

Data from systematic reviews and meta-analyses that met the selection criteria were
analyzed. A synthesis of the different interventions evaluated in the RCTs included in the
systematic reviews was conducted.

3. Results
3.1. Literature Search

From the four bibliographic sources selected for searching, 693 articles were retrieved
(PubMed n = 222; Web of Science n = 209; Scopus n = 150; and Cochrane library n = 112).
A total of 189 articles were eliminated due to being duplicates, and 448 were definitively
excluded after the title and abstract screening. Accordingly, the full text of 56 papers was
evaluated. A final 34 systematic reviews met the selection criteria and were included in our
umbrella. The reasons for the exclusion of the papers not selected by full-text assessment
can be consulted in Supplementary Material, (Supplementary Table S4).

One review was identified thanks to the alerts activated in PubMed and the research
social network ResearchGate. Thus, 35 systematic reviews were finally included in this
umbrella review. All, except for three systematic reviews [33–35], also include a meta-
analysis of the data of the individual clinical trials in each systematic review. Figure 1
summarizes the process applied for the selection of systematic reviews and meta-analyses
included in this umbrella.
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According to the intervention evaluated in each systematic reviews, the whole of
the systematic reviews were classified into three groups: (a) systematic reviews about
physical activity only: n = 16 (45.7%) [19,24,33,36–48]; (b) systematic reviews containing
information about diet exclusively: n = 4 (11.4%) [25,34,49,50]; and (c) systematic reviews
with information about both types of interventions, diet and physical activity: n = 15
(42.9%) [18,20,22,23,31,35,51–59].

3.2. Quality Assessment of the Systematic Reviews

Of the 35 systematic reviews selected for this umbrella, 19 (54.2%) were classified as
critically low quality and 10 (28.6%) as low quality. The number of systematic reviews of
medium and high quality was three for each category. More information about the quality
evaluation can be consulted in, Supplementary Figure S1.

Three items were evaluated only in 32 systematic reviews that included a meta-analysis.
Item 11: Appropriate meta-analysis methods; A total of 27 (84.4%) meta-analyses used an
appropriate meta-analysis method for the statistic combination. Item 12: Assessing the
potential impact of bias risk on results; 31 (93.3%) meta-analyses assessed the potential
impact of bias risk on results. Item 15: Assessment of the presence and probable impact of
publication bias; 23 (71.9%) meta-analyses investigated the presence of publication bias and
assessed its possible impact. Only 25.7% of systematic reviews registered a protocol before
conducting the systematic review (Item 2 from AMSTAR-2 tool), and 54.3% did not provide
a list of the original studies excluded from the reviews as well as its justification (Item 7).

The presence and probable impact of the publication bias was not assessed in 28.1% of
the systematic reviews included in this umbrella (Item 15). Figure 2A shows the results for
the seven critical items from AMSTAR-2 tool. Regarding not critical items, the quality of
the included systematic review was good except for the decision about study designs and
the consideration of the sources of funding of the studies included in the reviews—items 3
and 10, respectively (Figure 2B).
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methods; Item 13: Consideration of the bias risk in the interpretation of the review results; Item 15:
Assessment of the presence and probable impact of publication bias. Non-critical items: Item 1: Research
questions and inclusion criteria include PICO components; Item 3: Explaining decision about the study
designs to include in the review; Item 5: Study selection performed in duplicate; Item 6: Data extraction
performed in duplicate; Item 8: Describing included studies with sufficient detail; Item 10: Reporting the
sources of funding for the studies included in the review; Item 12: Assessing the potential impact of bias
risk on results; Item 14: Satisfactory explanation and discussing any observed heterogeneity in the review
results; and Item 16: Potential sources of conflict including any funding received.

3.3. Overlapping between Reviews

Analysis of the overlapping was performed by groups of systematic reviews deter-
mined by: (a) The year of publication, differencing between systematic reviews published
before 2015 and from 2015. (b) The type of the evaluated interventions: “physical activity”,
“diet” or “mixed interventions”. (c) Characteristics of the study population according to
risk pregnancy: “pregnant women at high risk” and “pregnant women in general”.

The overlapping between systematic reviews was classified as very high for all the
comparisons performed, with a CCA of 19.3% to 37.5% (See Table 1). Despite this, all
35 reviews have been maintained. This decision is explained by the high heterogeneity in
the original studies included in each review. For example, for the 11 systematic reviews on
physical activity interventions in general pregnant women published since 2015, 35 orig-
inal RCTs studies were included. However, the 35 RCTs are not used in all 11 reviews;
10/35 were included only once, and 13/35 were used in half of the reviews. It should be
noted that sometimes different articles from one study can be used. More details about the
overlapping assessment are provided in Supplementary Material, (Tables S5–S9).
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Table 1. Overlapping between reviews.

Overlapping N CCA Classification

Physical activity as only intervention
Reviews of RCTs with pregnant women in
general published since 2015 11 26.28% Very high

Reviews of RCTs with high-risk women
published since 2015 6 19.26% Very high

Reviews of RCTs with pregnant women in
general published before 2015 3 37.5% Very high

Diet as only intervention 4 25.39% Very high
Mixed intervention 5 36.49% Very high

(N = Number of reviews included in the overlapping assessment; CCA = Corrected Covered Area).

3.4. Main Results
3.4.1. Interventions

The beginning and the end of interventions differed between the RCTs involved in
systematic reviews included in our umbrella. Nevertheless, lifestyle interventions mostly
started before 20 week’s gestation and lasted until 34–37 weeks of gestation or until delivery.

Generally, physical activity interventions consisted of educational recommendations
on physical activity plus a group session or, less often, an in-home session. These in-
terventions mainly include an aerobic activity, muscle strength exercise, resistance and
balanced exercises. The warm-up and cool-down parts of a session usually consisted
of walking and stretching activities. Cycling, swimming and pelvic floor exercise was
recommended often as well. In most of interventions, the intensity of exercise was light to
moderate or moderate. The frequency of sessions was around three times per week and
sometimes reached five times per week. The duration of each session can vary from 35 min
to 60 min [19,24,33,36–48].

Regarding diet, the interventions consisted of recommendations and advice made
through face-on-face sessions and less frequently through group sessions, completed by
a phone call and/or written support. The frequency of visits was very different between
trials, with a fluctuation of three to ten visits per participant. Usually, the interventions
were realized by a dietitian and sometimes by a food technologist. Regarding interven-
tions related to diet, healthy eating was promoted, especially through reducing energy
intake, restricting a high glucose intake, dietary conduct and encouraging a high fiber
intake [22,23,25,51,52].

Except for Zhang et al., the recommendation was a Mediterranean diet with a sizeable
intake of virgin olive oil, fruits and vegetables, nuts, moderate to high fish consumption and
a low intake of meat [49]. Respecting combined interventions, advice provided during the
visits was oriented to physical activity and diet simultaneously. Counseling was conducted
mainly by a nutritionist or dietitian and sometimes accompanied or conducted by a food
technologist, physiotherapists or nursing staff.

The details regarding the frequency of visits and physical activity sessions do not
change from those mentioned above. The recommendations continue along the same lines:
encouraging moderate physical activity at least three to five times/week and favoring a
healthy and balanced diet with a low glucose intake and restricted energy consumption. In
some trials, the interventions were completed by individual follow-up and personalized
monitoring [23,31,59].

Different guidelines were used for elaborating interventions and advice. Those men-
tioned include the Institute of Medicine (IOM) guidelines, the American College of Obstetri-
cians and Gynecologists guidelines for gestational weight gain, Health Canada guidelines,
Prenatal nutrition guidelines, official National Dietary recommendation and Danish rec-
ommendations [22,23,31,35,55]. More details are provided in the Supplementary Material
(Tables S10–S12).
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3.4.2. Prevention of GDM

All the meta-analyses expressed the magnitude of the association between physical
activity interventions, dietary interventions or mixed interventions and the risk of GDM
as relative risk (RR) or odds ratio (OR), except for the meta-analysis of Oostdam et al. [59]
that used a risk difference. To describe the results, we respected the measures used by each
one of the systematic reviews.

(a) Physical activity intervention

Most reviews show a possible preventive effect of physical activity interventions in
reducing the risk of GDM, although it does not always show a statistically significant
effect [23,37,59]. Although systematic reviews with moderate to high quality, such as
Davenport et al. (2018) and Bennett et al. (2018), highlight that it reduces the incidence of
GDM [18,39] (Table 2 and Figure 3A).

Table 2. Systematic reviews finding including physical activity intervention in reducing GDM.

Systematic Review ID RCTs
Number

Participant
Included in
Intervention
and Control
Group (N/n)

Association
Measurement I2 (p) Quality (Amstar 2)

Oostdam et al., 2011 [59] 3 125/113 RD −0.05 (−0.20–0.10) 66 (0.05) Critically low
Han et al., 2012 [47] 5 437/389 RR 1.10 (0.66–1.84) 0 (0.37) Low
Yin et al., 2014 [46] 5 497/450 RR 0.91 (0.57–1.44) 26 (0.25) Critically low
Russo et al., 2015 [45] 10 569/520 RR 0.74 (0.57–0.97) 12 (0.33) Critically low
Sanabria-Martínez et al., 2015 [44] 8 N.A. RR 0.69 (0.52–0.91) 0 (0.61) Critically low
Madhuvrata et al., 2015 * [23] 3 76/76 OR 0.77 (0.33–1.79) 0 (0.53) Moderate
Aune et al., 2016 [19] 12 9804 ** RR 0.69 (0.50–0.96) 30.2 (0.15) Critically low
Song et al., 2016 [20] 10 4161 ** RR 0.77 (0.54–1.09) N.A. Critically low
Da Silva et al., 2017 [43] 10 1883/1907 RR 0.67 (0.49–0.92) 33 (0.14) Critically low
Zheng et al., 2017 [24] 7 550/563 OR 0.62 (0.43–0.89) 37 (0.19) Critically low
Ming et al., 2018 * [42] 9 1472/1509 RR 0.58 (0.37–0.90) 46 (0.07) Low
Davenport et al., 2018 [18] 27 7568/7198 OR 0.62 (0.52–0.75) 0 (0.51) High
Bennett et al., 2018 [22] 10 2981 ** RR 0.62 (0.50–0.78) 0 (0.90) Moderate
Yu et al., 2018 [39] 6 651/719 RR 0.59 (0.39–0.88) 46 (0.11) Critically low
Chatzakis et al., 2019 * [40] 14 575/589 RR 0.80 (0.60–1.07) 30 Low
Du et la., 2019 * [38] 13 550/572 RR 0.71 (0.57–0.89) 0 (0.52) Low
Makaruk et al., 2019 [33] 10 1747/2013 N.A. N.A. Critically low
Nasiri-Amiri et al., 2019 * [37] 8 727/714 RR 0.76 (0.65–1.08) 50 (0.05) Critically low
Guo et al., 2019 [51] 19 5883 ** RR 0.70 (0.95–0.84) N.A. Critically low
Doi et al., 2020 * [36] 11 722/745 RR 0.69 (0.51–0.94) 23.2 (0.02) Low

* Population = women at high risk; ** Total sample size; N.A. = Not available; OR = odds ratio; RR = relative
risk; RD = risk difference; N = exposed sample size; n = no exposed sample size; and I2(p) = heterogeneity test
(p-value).

(b) Diet intervention

The protective effects of only diet intervention were very variable between reviews.
The Mediterranean diet can have a significant effect (OR 0.66, 95% CI 0.52–0.82, I2 = 0) [49].

Diet as the lone intervention designed to reduce gestational weight gain also has a
significant effect on the prevention of GDM but with a high degree of heterogeneity (RR 0.56,
95% CI 0.36–0.87, I2 = 53%; p = 0.3) [22] (Table 3 and Figure 3B). Other studies suggest that
dietary consulting maybe reduce the risk of GDM in comparison with usual care, and no
clear difference between low and moderate to high glycemic intake was observed [25,59].
One systematic review notes that diet had a significant protective effect only in obese and
overweight pregnant women [55].
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Table 3. Systematic reviews finding including diet intervention in reducing GDM.

Systematic Review ID RCTs
Number

Participant
Included in

Intervention and
Control Group

(N/n)

Association
Measurement I2 (p) Quality (Amstar 2)

Oostdam et al., 2011 [59] 7 449/364 RD −0.05
(−0.10–−0.01) 41 (0.12) Critically low

Madhuvrata et al., 2015 * [23] 3 202/207 OR 0.33 (0.14–0.76) 26 (0.26) Moderate
Rogozińska et al., 2015 [55] 6 725/754 RR 0.67 (0.38–1.15) 52 (0.06) Moderate
Song et al., 2016 [20] 5 1279 ** RR 0.80 (0.58–1.10) - Critically low
Tieu et al., 2017 [25] 11 628/652 RR 0.60 (0.35–1.04) 56 (0.07) High
Bennett et al., 2018 [22] 9 3388 ** RR 0.56 (0.36–0.87) 53 (0.03) Moderate
Lamminpää et al., 2018 [34] 15 N.A. N.A. N.A. Critically low
Guo et al., 2019 [51] 11 2838 ** RR 0.75 (0.59–0.95) N.A. Critically low
Zhang et al., 2020 *** [49] 2 911/937 OR 0.66 (0.52–0.82) 0 (0.85) Critically low

* Population = women at high risk; ** Total sample size; *** Mediterranean diet; N.A. = Not available; OR = odds
ratio; RR = relative risk; N = exposed simple size; n = no exposed simple size; and I2(p) = heterogeneity test
(p-value).

(c) Mixed intervention

When the participant received both interventions; diet and physical activity, four
moderate to high-quality reviews showed a possible protective effect in reducing GDM
risk (no statistically significant difference) although this effect is less clear (RR 0.90, 95% CI
0.77–1.05; I2 = 33%; p = 0.072) [22], (OR 0.90, 95% CI 95% 0.74–1.10; I2 = 30%; p = 0.09) [18],
(RR 0.85, 95% CI 0.71–1.01; I2 = 42%; p = 0.03) [31], (RR 0.95, 95% CI 0.76–1.18; I2 = 23%;
p = 0.21) [55]. Regardless of their quality, the CI for ORs and RRs include the value 1 in the
most of the meta-analyses showing a moderate heterogeneity (Table 4 and Figure 3C).

Table 4. Systematic reviews finding including mixed intervention in reducing GDM.

Study ID RCTs
Number

Participant
Included in

Intervention and
Control Group

(N/n)

Association
Measurement I2(p)

Quality
(Amstar 2)

Bain et al., 2015 [56] 13 1903/1841 RR 0.92 (0.68–1.23) 43.13 (0.06) Low
Madhuvrata et al., 2015 * [23] 6 562/526 OR 1.44 (0.96–2.14) 0 (0.93) Moderate
Rogozińska et al., 2015 [55] 12 2399/2346 RR 0.95 (0.76–1.18) 23 (0.21) Moderate
Song et al., 2016 [20] 14 6047 ** RR 0.85 (0.70–1.03) N.A. Critically low
Shepherd et al., 2017 [31] 19 3353/3280 RR 0.85 (0.71–1.01) 42 (0.03) High
Davenport et al., 2018 [18] 22 575/550 OR 0.90 (0.74–1.10) 30 (0.09) High
Bennett et al., 2018 [22] 22 7274 ** RR 0.90 (0.77–1.05) 33 (0.072) Moderate
Guo et al., 2019 [51] 18 7024 ** RR 0.86 (0.71–1.04) N.A. Critically low

* Population = women at high risk; ** Total sample size; N.A. = Not available; OR = odds ratio; RR = relative risk;
N = exposed simple size; n = no exposed simple size; and I2(p) = heterogeneity test (p-value).
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Figure 3. Cont.
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Figure 3. Forest plot of association of lifestyle intervention in reducing the risk of GDM. (A) Physical
activity intervention. (B) Diet intervention. (C) Mixed intervention. * Moderate to high-quality
review;
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3.5. Results from Studies with GDM as Not a Principal Outcome

We analyzed six reviews that show a possible protective effect in reducing the risk of
GDM in each one of the interventions (Table 5). The results for these systematic reviews
are very similar to those using GDM as the primary outcome. Regarding physical activity,
a possible significant effect was observed (RR 0.61, 95% CI 0.41–0.90) [41]. Likewise, diet
intervention based on a balanced nutritional regimen with a restriction of 2000 kcal/day
(RR 0.39, 95% CI 0.23–0.69; I2 = 21%; p = 0.001) [58]. When participants can receive both
interventions, the effect of the intervention is less clear (RR 1.18, 95% CI 0.78–1.77; I2 = 0%;
p = 0.04) [58] and (OR 0.80, 95% CI 0.58–1.10; I2 = 62%; p = 0.002) [57].
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Table 5. Systematic reviews finding including GDM as a secondary outcome.

Systematic Reviews with GDM as Not the Principal Outcome

RCTs
Number

Participant
Included in

Intervention and
Control Group

(N/n)

Association
Measurement I2 (p) Quality (Amstar 2)

Physical activity
Magro-Malosso et al., 2017 * [41] 7 623/727 RR 0.61 (0.41–0.90) - Critically low
Díaz-Burrueco et al., 2021 [48] 5 782/1091 OR 0.68 (0.39–1.19) - Low
Diet
Thangaratinam et al., 2012 [58] 3 409 ** RR 0.39 (0.23–0.69) 21 (0.001) Critically Low
Mixed intervention
Rogozinska et al., 2017 [53] 31 5710/5408 OR 0.77 (0.63–0.94) 38 (0.02) Low
O’brien et al., 2016 [54] 2 243 ** RR 1.02 (0.41–2.57) - Critically Low
Thangaratinam et al., 2012 [58] 6 1233 ** RR 1.18 (0.78–1.77) 0 (0.44) Critically Low

Oteng-Ntim Et al., 2012 * [57] 6 526/491 OR 0.80 (0.58–1.10) 62 (0.002) Critically Low

(* Pregnant women at high risk; and ** Total sample size).

4. Discussion

The present umbrella review proposes a synthesis of available scientific evidence on
lifestyle modification through interventions based on diet and/or physical activity in the
prevention of GDM using systematic reviews and meta-analyses of randomized controlled
clinical trials.

Most reviews, regardless of their quality, tend to support that physical activity in-
terventions can reduce the risk of GDM. The effectiveness of physical activity may be
restricted by the accomplishment of some criteria: (a) delivering interventions in a health-
care facility [36]; (b) interventions took place early in pregnancy [33]; (c) achieving at
least 600 MET-min/week of moderate-intensity [18]; or (d) only water exercise [48]. The
incidence of GDM may decrease with diet intervention. However, establishing conclusions
about the most effective dietary pattern can be difficult because of the differences in the
dietary advice provided [34].

Contrary to expectations, the effect of the combined intervention is unclear or less
effective than physical activity or diet alone. This may be because most meta-analyses
analyzed tend to approach 1 (without showing significant statistical difference). This
difference likely results from variability in the conception of interventions, their duration
and other factors perhaps associated with the design of the studies and diet and physical
activity patterns assessment. The quality of the RCTs included may also affect the results
obtained, and this limitation cannot be discarded [48].

Variability in the descriptions of the interventions made it difficult to draw firm
conclusions according to the most efficient type of activity. Similarly, in this research work,
making clear recommendations and providing dose–effect analysis was not feasible for
many reviews [34,35,51]. That is why it is important to establish, propose and investigate
the types of interventions that are more efficient in order to have clear results.

To compare our results, only one overview was found. In contrast to our outcomes, their
results show an unknown benefit for physical activity alone and diet alone interventions,
although they also suggested a possible beneficial effect of combined diet and exercise [21].
It should be noted that their review was performed only for nine Cochrane reviews.

Regarding the strengths of this research: (1) To our knowledge, this umbrella is one
of the few works that provide an exhaustive analysis of the three types of interventions
“physical activity”, “diet” or “mixed intervention” in the prevention of GDM. (2) It was
developed according to the protocol previously registered in PROSPERO. (3) An exhaustive
investigation was conducted in the four most important electronic databases without date
restrictions. (4) To reduce the probable bias at the time of the search, the selection of the
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articles, the data extraction (such as the quality assessment and the measurement of the
overlap) were conducted independently by two investigators.

Regarding the limitations of the umbrella: (1) The variability, poor quality and lack of
sufficient details describing intervention with respect to the type of diet, type of exercise,
duration of the intervention and the intensity with which each intervention was conducted.
This made it difficult to expose certain information regarding elements in the general
review. This is a frequent weakness in systematic reviews that have been conducted in such
a way that they focus on dietary intervention or are based on the promotion of physical
activity without delving into the exact type of intervention. The effects of an intervention
focused on caloric restriction do not have to be the same as those of an intervention aimed
at promoting the Mediterranean diet.

(2) In relation to the above limitation, and as a limitation of the systematic reviews, we
note the relatively low quality of systematic reviews conducted to date. For this reason, the
interpretation of obtained results was conducted considering their quality.

Using the current findings, it is difficult to establish a well-defined protocol or provide
practical recommendations to prevent GDM based on a comprehensive description of
the type of physical activity and its intensity, as well as the type of diet and its main
characteristics. Even so, it is clear that scientific evidence and WHO recommendations
support the benefits of healthy lifestyles, improving physical activity and eating a balanced
diet in the prevention of diseases, including GDM. However, this umbrella review of
systematic reviews and meta-analyses provides scientific material that summarizes the
current available data to facilitate its accessibility by practitioners and other scientists.

5. Conclusions

The previously available systematic reviews analyzing the relationship between phys-
ical activity and/or diet were of low quality. Moreover, the definitions of interventions
were heterogeneous.

The results of the systematic reviews, although variable, tend to defend the protective
role of diet, such as a Mediterranean diet and physical activity, such as three to five sessions
a week of 30 min duration and moderate intensity, in preventing GDM. However, the
protective effects of a mixed intervention with both are not completely clear. Furthermore,
there is insufficient evidence of high quality to determine that combined interventions have
a protective effect.

Establishing conclusions on the most efficient type of intervention and a dose–effect
relationship has not been feasible given the high variability in the description of the
interventions and the low quality of the revisions. Our results highlight the need to
perform more clinical trials of better quality and approach interventions and systematic
reviews with quality corresponding to the current standards.
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