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Introduction

In 2000, the World Health Organisation declared obesity a pandemic and one of the most 
important current public health problems.1 Globally, the prevalence of obesity has doubled 
since the 1980s. It is estimated that globally 600 million adults were obese in 2014, mounting 
to 13% of the adult population.2 The World Health Organisation (WHO) defines overweight 
as a body-mass index (BMI) of ≥ 25 kg/m2 and obesity as a BMI of ≥ 30 kg/m2, with a further 
division into Obesity Class I (BMI 30.00-34.99 kg/m2), Obesity Class II (BMI 35.00-39.99 kg/
m2) and Obesity Class III (BMI ≥ 40.00 kg/m2). For the Netherlands, data on prevalence of 
overweight and obesity from 2012, shows that 6% of Dutch women aged 20 to 29 years and 
10% of those aged 30 to 39 years were obese (Figure 1). Furthermore, 26% of women aged 
20 to 29 years and 37% of women aged 30 to 39 years were overweight.3 

Figure 1. Overweight and obesity in The Netherlands by gender and age category in 2012 adapted 
from Gezondheidsmonitor volwassenen GGD’en, CBS and RIVM.

Overweight and obesity are caused by a long-lasting imbalance between energy intake 
and energy expenditure.4 The increasing amount of readily available energy-dense 
processed foods and lower physical activity levels are likely to be important drivers of the 
obesity pandemic.5 In general, obesity is more common among people with a lower level 
of education.6 

Obesity is a major risk factor for several non-communicable diseases, such as cardiovascular 
disease, diabetes, some types of cancer and musculoskeletal disorders such as osteoarthritis.2 
Moreover, health-related quality of life in obese individuals tends to decrease with higher 
degrees of obesity.7,8 Because of its association with these diseases, obesity is a financial 
burden to societies leading to an estimated 0.7% to 2.8% of a country’s total health care 
expenditure.9 In the United States the incremental healthcare costs per year for an obese 
individual were estimated to be $1901 (2014), equivalent to $149 billion per year at the 
national US level.10 
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1.1 Aetiology of obesity

Over the past four decades, substantial changes have occurred in the global food system. 
More processed, affordable and effectively marketed food is produced than ever before, 
promoting overconsumption of foods and decreasing the time-cost of food.5 In addition, 
the need for physical activity has been reduced. It has been estimated that over the last 50 
years, occupation-related energy expenditure has decreased by more than 100 kilocalories 
per day (which equals 4-5% of the total daily energy intake).11 This decrease in energy 
expenditure and subsequent positive energy balance has been calculated to increase 
average weight in American men from 77 kilograms in 1960-1962 to 90 kg in 2003-2006, 
which closely resembles actual mean weight in men of 92 kg in an United States cohort in 
2003-2006. In addition, the amount of moderate-to-vigorous physical activity, such as brisk 
walking or cycling, is inversely associated with obesity in a cohort study of 5083 American 
adults.12 Men and women with low levels of moderate-to-vigorous physical activity had 
a 2.7 times (95% confidence interval [CI] 2.0-3.6) and 2.8 times (95% CI 2.2-3.7) increased 
risk of obesity compared to individuals with high levels of moderate-to-vigorous physical 
activity. In addition, in this study, obesity was more strongly related with moderate-to-
vigorous physical activity than either television time or sedentary time. Furthermore, genetic 
polymorphisms, genetic disorders, neuroendocrine diseases, low birth weight, certain types 
of medication, sleep deprivation, cessation of smoking and psychological factors may all 
contribute to progressive weight gain and finally obesity.13 

1.2 Pathophysiology of obesity

Obesity implies an excess storage of fat. Excess dietary glucose and fat is first and foremost 
stored in adipose tissue as lipids, mostly in the form of triglycerides.4 From an evolutionary 
point of view, lipid deposition in adipose tissue is advantageous since it promotes survival 
in periods of energy depletion and allows efficient storage of energy.14 In humans and 
other mammals there are two types of adipose tissue, white adipose tissue (WAT) and 
brown adipose tissue (BAT). WAT stores excess energy as triglycerides and consists of 
subcutaneous and visceral fat depositions. BAT has the ability to convert stored energy from 
the diet into body heat.15 BAT was thought to be primarily important in new born infants to 
maintain body temperature and to regress during aging, but the presence of metabolically 
active brown adipose tissue has recently been documented in healthy adults.16,17 WAT into 
BAT conversion could prove to be a new pathway in the treatment of obesity, chronic 
cold exposure is the most effective activator for WAT to BAT conversion and many other 
endogenous, drugs and nutritional factors are currently being investigated.18 
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Subcutaneous fat accumulation of white adipocytes is predominantly seen on the hips 
and thighs and poses little metabolic risks.19 Intra-abdominal (often referred to as visceral 
or central obesity) adipose tissue accumulation, on the other hand, is related to increased 
cardiometabolic risks.19,20 It has been described that preferential visceral accumulation 
of fat more frequently occurs in smokers, people with a genetic susceptibility to visceral 
obesity and people with a neuroendocrine profile associated with a maladaptive response 
to stress.19 Furthermore, the triglyceride surplus in people with visceral obesity also tends to 
be deposited at other undesirable sites, such as the liver, the heart and the skeletal muscle.19 

Adipose tissue (i.e. adipocytes) is not a passive tissue that merely stores fat, it is an active 
endocrine organ that modulates the release of a large number of cytokines and bioactive 
mediators, such as interleukin-6 (IL-6), tumour-necrosis factor-α (TNF-α), leptin and 
adiponectin.21-23 The release of cytokines, by adipocytes and macrophages within adipose 
tissue leads to a low-grade inflammation in individuals with central obesity.22,24 Triglycerides 
in adipocytes are hydrolysed and subsequently released as free fatty acids in the peripheral 
circulation leading to high levels in obese individuals.22 Leptin is a hormone that primarily 
acts in the hypothalamus, signalling sufficiency of energy storage, suppressing appetite and 
increasing energy expenditure.25 Leptin levels in obese individuals are generally high, as a 
consequence of relative leptin resistancy.26 Adiponectin is a modulator for free fatty acid 
metabolism; its correlation with the presence of obesity is still under debate.27

The combination of elevated levels of free fatty acids and the presence of inflammatory 
cytokines contributes to impaired insulin signalling and insulin resistance in obese 
individuals.22 Furthermore, a high influx of fatty acids and cytokines from adipocytes 
through the portal system into the liver distorts hepatic metabolism and leads to increased 
hepatic glucose production.19,28 The consequences of the obesity-associated increased 
levels of free fatty acids, cytokines and the impaired insulin metabolism on cardiometabolic 
and reproductive health will be discussed further in paragraph 3 and 4.

1.3 Obesity and cardiometabolic health

Cardiovascular disease (CVD) is the leading cause of death globally.29 Increased bodyweight 
in overweight and obese individuals leads to an increased risk for cardiovascular disease 
and type II diabetes mellitus (DM) through a complex interplay of pathways. Obesity 
is a prominent risk factor for CVD, along with age, smoking, male gender, hypertension, 
dysfunctions in glucose metabolism (insulin resistance and diabetes), high low-density 
lipoprotein (LDL) levels and genetic risk factors.19,21 Obesity is a direct and indirect risk factor 
for CVD, since it affects blood pressure, lipid profile and glucose metabolism.21,30 
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Visceral obesity, is associated with insulin resistance and this could eventually lead to type II 
DM. Type II DM is characterised by hyperglycaemia, insulin resistance and relative deficiency 
in insulin secretion. Insulin is the key hormone that regulates glucose and lipid homeostasis, 
it is secreted in response to a meal by pancreatic beta-cells to promote the uptake of glucose 
and synthesis of glycogen, fat and proteins.31

The co-existence of risk factors for both CVD and type II DM is commonly called metabolic 
syndrome. These risk factors include visceral obesity, hyperglycaemia, dyslipidaemia and 
hypertension. Insulin resistance and the subsequent hyperinsulinaemia and hyperglycaemia 
may lead to vascular endothelial dysfunction, abnormal lipid profiles, hypertension and 
vascular inflammation. All these factors promote the development of atherosclerotic CVD 
and type II diabetes.32 The most commonly used criteria for the diagnosis of metabolic 
syndrome are the National Cholesterol Education Program Adult Treatment Panel (NCEP-
ATPIII) criteria.33,34 Metabolic syndrome is present when 3 of the 5 following criteria are met; 
1) waist circumference > 102 cm in men and > 88 cm in women, 2) triglyceride ≥ 1.7 mmol/L, 
3) HDL-cholesterol < 1.0 mmol/L in men and < 1.3 in women, 4) systolic blood pressure ≥ 
130 mmHg or diastolic blood pressure ≥ 85 mmHg and 5) fasting glucose ≥ 6.1 mmol/L. 

1.4 Obesity and reproductive health

Obesity impairs reproductive health in both men and women in several ways.35 Obesity 
decreases the chance to conceive naturally and after infertility treatment. Obesity is also 
associated with anovulation and it increases the risk of miscarriage.36,37 Besides the negative 
impact of obesity on reproductive outcomes, obesity also carries an increased risk of 
maternal and neonatal complications during pregnancy and is associated with reduced 
health of the offspring. The negative influence of obesity on reproductive health will be 
explained further in the following paragraphs.

1.4.1 Natural conception
Obese women have an increased risk of subfecundity compared to lean women. In a Danish 
birth cohort study, obese women with a normal weight male partner had a 18% chance of 
subfecundity, compared to a 12% chance in normal weight women with a normal weight 
male partner (adjusted OR 1.7, 95% CI 1.5-2.0).35 Furthermore, it is known that obese infertile 
women with ovulatory cycles have a lower chance of pregnancy per cycle. The probability 
of a natural conceived ongoing pregnancy within one year declined linearly by 4% per kg/
m2 in women with a BMI ≥29 kg/m2.36 In a cohort study of 500 couples, a decreased chance 
of conception was found in couples were both male and female partners had obesity class II 
compared to lean couples (adjusted OR 0.4, 95% CI 0.2-1.0). Furthermore, an increased waist 
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circumference of the female partner, as a measure of visceral adiposity, was associated with 
a longer TTP in the unadjusted model (OR 0.6, 95% CI 0.5-0.9), but not in the adjusted model 
(OR 0.8, 95% CI 0.6-1.1).38

1.4.2 Anovulation
Anovulation is clinically characterised by oligomenorrhea or amenorrhea and classified 
into hypogonadotrophic hypogonadism (WHO class I), normogonadotrophic anovulation 
(WHO class II) and hypergonadotrophic hypogonadism (WHO class III).39,40 WHO class II 
anovulation is further classified in WHO class II anovulation due to polycystic ovary syndrome 
(PCOS) and non-PCOS class II anovulation. The relative risk of a chronic anovulatory disorder 
is significantly increased in women with increased BMI at age 18, as shown in Table 1.41 

Table 1. Relative risk of an anovulatory disorder in obese women as shown by Rich-Edwards et al.41 

BMI (kg/m2 ) Relative risk anovulatory disorder

24-25.9 1.3 CI 1.2-1.6

26-27.9 1.7 CI 1.4-2.1

28-29.9 2.4 CI 1.8-3.1

30-31.9 2.7 CI 1.9-3.8

≥32 2.7 CI 2.0-3.7

Adjusted for age at menarche, current age, year of birth, ethnicity, frequency of physical activity, smoking, alcohol 
use, diabetes and use of oral contraceptives

PCOS is the most common subtype of anovulatory disorders and has a prevalence of 6 to 
8% in an unselected population of women of reproductive age.42 The diagnosis of PCOS is 
commonly based on the revised Rotterdam 2003 criteria according to which 2 out of 3 of 
the following criteria should be present to diagnose PCOS; 1) oligo- and/or or anovulation, 
2) clinical and/or biochemical signs of hyperandrogenism and/or 3) polycystic ovaries. 
Other aetiologies, such as congenital adrenal hyperplasia, androgen-secreting tumours 
and Cushing’s syndrome should be excluded.43 Clinical symptoms of PCOS may include 
reproductive (infertility, pregnancy-related risks), metabolic (obesity, insulin resistance, type 
II diabetes and cardiovascular disease) and psychological (anxiety, depression, impaired 
quality of life, body image and eating disorders) features.44 

Obesity and insulin resistance are associated with PCOS, women with PCOS have an increased 
prevalence of obesity (relative risk, RR 2.8, 95% CI 1.9-4.1).45,46 It is likely that a bidirectional 
relationship between obesity and PCOS exists, in which obesity is secondary to PCOS and 
obesity further increases the severity of the reproductive and metabolic symptoms of PCOS.47
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1.4.3 Conception after infertility treatment
It is difficult to generalise the impact of obesity on the success of infertility treatment due to 
the various infertility diagnoses and range of treatments. Ovulatory obese and overweight 
women undergoing intrauterine insemination (IUI) using gonadotropin stimulation or an 
aromatase inhibitor (such as letrozole) require higher doses of gonadotropins and produce 
fewer follicles for a given dose. The clinical pregnancy rate in IUI is not significantly different 
among women in the different BMI categories.48-50 Zaadstra et al. found that women with a 
waist-hip ratio ≥0.8 had a significantly decreased pregnancy rate after artificial insemination 
with donor sperm compared to women with a waist-hip ratio < 0.8, independent of 
bodyweight.51

It has been shown that BMI affects the live birth rate in women with PCOS undergoing 
ovulation induction (OI) with either clomiphene, metformin or both, in a factor analysis of 
a large RCT by Legro et al.52 Independently of treatment arm, women with a BMI < 30 kg/
m2 had a significantly higher rate of live births compared to women with a BMI ≥ 30 kg/
m2 (P < 0.001). BMI was also a significant confounder in the rates of live birth in another 
RCT by Legro et al. in women with polycystic ovary syndrome, which compared treatment 
with clomiphene to letrozole.53 In a systematic review by Mulders et al., obese women with 
normogonadotrophic anovulation needed a higher dose of gonadotropin during OI (mean 
difference 771 units, 95% CI 700-842), had increased cycle cancellation rates (OR 1.9, 95% CI 
1.1-3.1) and decreased ovulation rates (OR 0.4, 95% CI 0.3-0.6) compared to women with a 
normal weight. Obesity was not associated with pregnancy rates, though insulin resistance 
was, with insulin resistant women having a decreased pregnancy rate (OR 0.3, 95% CI 0.1-
0.8).54 

Multiple cohort studies have been published on the effects of increasing bodyweight and 
success of IVF (in	vitro fertilization) and ICSI (intracytoplasmic sperm injection) treatments. 
In a retrospective cohort study in the United States, including 494,097 IVF cycles from 
women between 2008 and 2013, obese women had a lower chance of having a live birth 
compared to normal weight women (adjusted RR 0.9, 95%CI 0.86-0.88).55 Similar findings 
were described in a previous cohort study and systematic review.37,56

In summary, most studies show that obese women respond less well to clomiphene 
and letrozole and gonadotropins for ovulation induction and require higher dosages 
of medication, this leads to lower pregnancy rates in ovulation induction. In artificial 
reproductive techniques (ART), such as IVF and ICSI, increased BMI is associated with 
decreased chances of pregnancy. 
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1.4.4 Mechanisms through which obesity causes decreased pregnancy 
chances
Several hypotheses have been formulated regarding the mechanisms through which 
obesity could decrease chances of conception in natural cycles or after infertility treatment. 
These mechanisms include reduced oocyte and embryo quality, reduced endometrial 
receptiveness and increased chance of miscarriage in obese women. A retrospective cohort 
study of 426 IVF/ICSI cycles by Metwally et al., reported lower mean embryo grade (grade 
2.3± 1.4 versus 2.0 ± 0.6, P = 0.02), lower embryo utilisation rate (defined as the number of 
embryos transferred and frozen in relation to the number of embryos available) (31 ± 3.9 
versus 49 ± 2.9, P = 0.01) and less cryopreserved embryos (0.2 ± 1.2 versus 1.1 ± 2.2, P = 
0.04) in obese women compared to women with a normal BMI. This effect was only present 
in women < 35 years old.57 Similar results were shown by Zhang et al., in a Chinese cohort 
study.58 However, sample sizes in both cohorts were relatively small, precluding definitive 
conclusions. It is likely that the interaction between BMI and oocyte and embryo quality is 
multifactorial. Elevated androgen levels, insulin resistance, LH hypersecretion, mitochondrial 
dysfunction and increased levels of adipokines, cytokines and leptin could all play a role and 
influence folliculogenesis and oocyte maturation and hence embryo quality.59-63 

The effects of obesity on endometrial receptiveness can be investigated in studies on 
pregnancy chances in ovum donation cycles. By doing so, two important determinants 
of achieving a pregnancy can be separated, namely the embryo and endometrium. In 
a systematic review by Jungheim et al. in 2013, the authors found no negative effect of 
obesity in ovum donation cycles, with a relative risk of 0.9 (95%CI 0.7-1.3) of live birth in 
obese recipients compared to recipients with a normal BMI.64 This systematic review did not 
include a cohort study by Bellver et al., who analysed 9 587 first cycles of ovum donation 
with donors having a normal weight.65 Live birth rates in recipients according to BMI were 
39% (< 20kg/m2), 38% (20-24.9 kg/m2), 35% (25-29.9 kg/m2) and 28% in women with a BMI 
> 30 kg/m2 (P < 0.001). Embryo parameters and miscarriage rates were similar in all BMI 
groups. The authors conclude that obesity impairs the reproductive outcome of oocyte 
donation, probably as a result of reduced endometrial receptivity. Factors underlying poor 
endometrial receptiveness in obese women are hypothesized to be endocrine dysfunction 
and alterations in cytokine expression (such as TNF-α).57 In another study –not included 
in the sytematic review by Jungheim et al.- the authors analysed 45 163 embryo transfers 
from both autologous and ovum donation transfers according to the recipients’ BMI.66 They 
concluded that a higher BMI in recipients was associated with increased failure to achieve a 
clinical pregnancy in autologous transfers (aOR of failure to achieve a clinical pregnancy 1.1, 
95% CI 1.1-1.2 in Obese Class I) and that this risk was overcome when using donor oocytes 
(aOR of failure to achieve a clinical pregnancy 1.0, 95% CI 0.8-1.2 in Obese Class I). Therefore, 
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this study does not support the presence of endometrial dysfunction in obese women.66 
The risk of miscarriage in obese women is increased and this could further contribute to 
the lower live birth rate observed in obese women undergoing ART. A systematic review 
by Rittenberg et al. on the effect of BMI on IVF treatment outcome showed that there 
was a significantly higher miscarriage rate (RR 1.3, 95% CI 1.2-1.4 and RR 1.4, 95% CI 1.2-
1.7) following IVF/ICSI treatment in women who were overweight or obese, compared to 
women with a normal BMI.37 Lashen et al. showed that obese nulliparous women have an 
increased risks of an early miscarriage and recurrent miscarriage with ORs of 1.2 (95%CI 1.0-
1.5) and 3.5 (95% CI 1.0-12) respectively, compared to women with a normal BMI.67 

In conclusion, the mechanisms through which overweight or obesity are able to cause 
decreased pregnancy rates are manifold and complex. Decreased oocyte and embryo 
quality, altered endometrial receptiveness and an increased miscarriage rate in obese 
women are among the most widely investigated hypotheses, but no definite conclusions 
on causal pathophysiological pathways can be made up until now. 

1.4.5 Male reproductive health
In a systematic review investigating the effects of paternal obesity on reproductive potential, 
obese men were significantly more likely to experience infertility compared to couples with 
a normal weight male partner OR 1.7 (95% CI 1.5-1.8). Furthermore, the chance of a live 
birth after IVF or ICSI was decreased when the male partner was obese (OR 0.7, 95% CI 
0.4-1.0), however the majority of studies included in this review did not adjust for maternal 
BMI, which could lead to biased results.68 Additional evidence for the association between 
obesity in males and decreased fertility is found in a systematic review and meta-analysis 
showing an increased rate of azoospermia or oligozoospermia in obese class I and II (OR 1.3, 
95% CI 1.1-1.6) and obese class III men (OR 2.0, 95% CI 1.6-1.6) compared to normal weight 
men.69 Moreover, Ramlau-Hansen et al. stratified their analysis for maternal and paternal BMI 
on the occurrence of subfecundity in a large Danish birth cohort study of 64 167 pregnant 
women. Obesity in men with a normal weight female partner is associated with aOR 1.5 
(95% CI 1.3-1.8) for subfecundity.35 

Several pathophysiological mechanisms have been postulated regarding the relationship 
between obesity and sperm parameters and infertility in men. Obese men have increased 
amounts of peripheral fat tissue leading to an increased conversion by aromatase in 
this fat tissue of male steroids to oestrogens. This leads to a relative hypogonadotrophic 
hyperoestrogenic hypogonadism and hence decreased spermatogenesis.70 Furthermore, 
studies report a decreased level of sex hormone-binding globulin in obese men, likely caused 
by hyperinsulinaemia, this further increases the negative feedback on spermatogenesis.69  
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1.4.6 Maternal complications 
There is a large body of evidence showing that obese women are at an increased risk 
of complications during pregnancy. Gestational diabetes and hypertensive disorders 
of pregnancy are two of the major and most prevalent obstetric complications. Rates of 
gestational diabetes are three to four times higher and rates of gestational hypertension 
and preeclampsia approximately three times higher in women with obesity compared 
women with a normal weight.71 

The relationship between BMI and obstetric complications was studied in a large prospective 
cohort in an unselected obstetric population by Weiss et al.. The study was performed in 
the United States, 16 102 women were included, of which 1473 were obese class I and 
877 were obese class II and III.72 This cohort study showed increased risk of gestational 
diabetes, pregnancy-induced hypertension, preeclampsia, Caesarean section in obese class 
I, II and III as compared to women with a normal weight (Table 2). Furthermore, morbidly 
obese women are at an increased risk of operative vaginal delivery, postpartum atonic 
haemorrhage and infections compared to normal weight women.71-74 Women with PCOS, 
irrespective of BMI, have a further two times increased risk of gestational diabetes and 1.5 
times increased risk of pregnancy-induced hypertension compared to women without 
PCOS.75

Table 2. Relationship between BMI and obstetric complications, adapted from Weiss et al.72 

Complication Obesity class I
aOR (95% CI)

Obesity class II and III
aOR (95% CI)

Gestational diabetes 2.6 (2.1-3.4) 4.0 (3.1-5.2)

Pregnancy-induced hypertension 2.5 (2.1-3.0) 3.2 (2.6-4.0)

Preeclampsia 1.6 (1.1-2.3) 3.3 (2.4-4.5)

Caesarean section 1.7 (1.4-2.2) 3.0 (2.2-4.0)

Operative vaginal delivery 1.0 (0.8-1.3) 1.7 (1.2-2.2)

Adjusted for age, ethnicity, education, marital status, parity, use of assisted reproductive technology, gestational 
age at delivery and birth weight. 

The Institute of Medicine issued recommended amounts of weight gain during pregnancy 
(gestational weight gain) in 2009.76 Women with a normal weight are recommended to 
gain 11.5 to 16 kg during pregnancy, overweight and obese women are recommended 
to gain 7 to 11.5 kg and 5 to 9 kg respectively. Excessive gestational weight gain is weight 
gain during pregnancy in excess of these recommendations.76 Forty-six percent of obese 
pregnant women and 38% of normal weight women have excessive gestational weight 
gain in a US cohort.76 A Swedish cohort study among 298 648 singleton pregnancies 
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showed that the rate of an adverse maternal or neonatal outcome increases with increasing 
gestational weight gain.77 Furthermore it is known that excess gestational weight gain is 
associated with gestational diabetes, hypertensive disorders of pregnancy, preterm birth 
and Caesarean section.78 On the longer term there is an increased risk of postpartum weight 
retention and obesity in the mother. 

1.4.7 Offspring health
Maternal overweight and obesity also affects the health of the foetus. Maternal obesity 
and subsequent insulin resistance results in exposure of the foetus to a hyperglycemic 
and hyperinsulinemic environment, leading to increased foetal growth and foetal body fat 
mass.79 In a systematic review by Yu et al. in 2013, children born to obese mothers had 
an increased risk of being large-for-gestational-age (LGA) (OR 2.1, 95%CI 2.0-2.2), having a 
high birth weight (OR 2.0, 95%CI 1.8-2.2) and having macrosomia (OR 3.2, 95%CI 2.4-4.4).80 
Conversely, children born to obese mothers had lower risks of being small-for-gestational-
age (OR 0.8, 95%CI 0.8-0.8). Similar findings were found by Liu et al. in another systematic 
review in 2016, the children of overweight or obese mothers had a higher risk of LGA, 
macrosomia, admission to the neonatal intensive care unit and being stillborn.81 

The relation between maternal obesity and preterm birth is less unambiguous. A systematic 
review by McDonald et al. including 84 studies, totalling 1 095 834 women, showed that 
the risk of preterm birth, when corrected for publication bias, was significantly higher in 
overweight and obese women (RR 1.2, 95%CI 1.1-1.4) compared to normal weight women. 
However this effect was not seen when the authors did not correct for publication bias 
(RR 1.1, 95% CI 0.9-1.3).82 In a systematic review by Torloni et al. only women with class II 
obesity, BMI ≥ 35 kg/m2 had an increased chance of preterm birth (aOR 1.3, 95% CI 1.1-1.6).83 
Women with class III obesity had an even higher increased risk of preterm birth compared 
to women with a BMI between 30 and 40 kg/m2 (RR 1.2, 95%CI 1.1-1.3).84 

Associations have been found between increasing maternal bodyweight and increased 
risk of congenital anomalies, such as neural tube defects, cardiovascular anomalies, limb 
reduction anomalies and orofacial clefts.85-87 Folate deficiency, presence of diabetes and 
impaired fasting glucose levels could be the mechanisms for the increase risk of congenital 
anomalies in obese women, but definitive conclusions cannot be made.88 Furthermore 
associations have been found between maternal BMI and perinatal death. In a systematic 
review and meta-analysis by Aune et al., increased risks of stillbirth (RR 1.2, 95%CI, 1.1-1.4) 
perinatal death (RR1.2, 95%CI 1.0-1.4) and infant death (RR 1.2, 95%CI 1.1-1.3) were found 
for every 5-unit increase in maternal BMI compared to women with a BMI of 20 kg/m2.89 
The increased risk of maternal complications during pregnancy, increased inflammatory 
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responses and endothelial dysfunction, decreased sensibility of the mother for foetal 
movements and increased risk of foetal macrosomia in obese women could all explain the 
association between BMI and increased risk of perinatal death.89

It has been shown that excessive gestational weight gain influences neonatal health, as it 
increases birth weight and the rate of LGA.90 Faucher et al. showed in a systematic review 
that excessive gestational weight gain is associated with an increased rate of preterm birth 
(aOR 1.5, 95% CI 1.1-2.2).91 Furthermore, in the long-term, excessive gestational weight gain 
is associated with childhood obesity.78 Maternal obesity is a risk factor for less favourable 
breastfeeding outcomes, such as less frequent initiation of breastfeeding and shorter 
duration of breastfeeding.92 The lower rate of breastfeeding in obese mothers could be 
one of the mediating factors for the increased rate of childhood obesity, however studies 
investigating this topic report different results.93

A large body of evidence indicates that early life events, such as exposures in utero, influence 
susceptibility to chronic diseases later in life.94 A systematic review and meta-analysis revealed 
that children of obese mothers have an OR of 3.1 (95% CI 2.7–3.5) of childhood overweight 
or obesity.80 Gademan et al, showed in a cohort study including 1727 children born at term 
in Amsterdam, between 2003 and 2004 from non-diabetic mothers, that every unit increase 
in prepregnancy BMI leads to a 1.2 (95% CI 1.1-1.2) increased risk of childhood overweight 
at age 5 to 6 years.95 In the Helsinki Birth Cohort Study, 2003 individuals were evaluated at 
the mean age of 62 years. Higher maternal BMI was associated with less favourable body 
composition in the offspring and there was a significant interaction between birth weight and 
maternal BMI on offspring body fat percentage.96 Furthermore, maternal obesity is associated 
with an increased risk of premature death in adult offspring.97 Nicholas et al. postulate a “two-
hit hypothesis” in which exposure to maternal obesity leads to programming of obesity in the 
offspring.98 The first hit occurs in the periconceptional period and results in increased fat mass, 
mostly in visceral fat depots in female offspring. There are also programmed changes in the 
insulin signalling and fatty-acid metabolism in the liver and skeletal muscle in the offspring. 
The second hit occurs with exposure to maternal obesity in later gestation, leading to an 
increased subcutaneous fat mass, an increase in leptin expression in fat depots and central 
leptin resistance in postnatal life.98 These periconceptional and gestational programmed 
changes lead to a greater susceptibility for obesity later in life.

1.4.8 Costs of infertility treatment 
Whether a woman’s increased BMI has impact on the subsequent costs of infertility 
investigations and treatment is under debate. Koning et al. estimated that in a hypothetical 
cohort of 1000 women, the reduced probability of achieving a successful pregnancy and 
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the increased risk of complications during pregnancy was associated with increased costs 
in overweight and obese women. The authors estimated that the cost per live birth was 
100% higher in obese anovulatory women and 70% higher in obese ovulatory women 
compared to their normal weight counterparts. 99 On the other hand, Pandey et al. found 
higher costs of infertility diagnostics and treatments in women with a normal weight, as 
compared to obese women in a retrospective cohort study in Aberdeen, Scotland.100 In 
this cohort, women with a high BMI were less likely to receive invasive investigations or 
procedures, such as laparoscopy and IVF treatments. Furthermore, the probability of a live 
birth tended to decrease with increasing BMI, leading to lower pregnancy associated costs. 
This might reflect current practice in some countries, where invasive diagnostic procedures 
or treatments in obese women are not offered or reimbursed until sufficient weight loss 
has been achieved.101-103 In addition, there is evidence that couples who exhibit less healthy 
lifestyle behaviours are less likely to seek help for their infertility problems, which could 
consequently decrease resource use and total costs in this population.104 

1.4.9 Maternal obesity and costs
Due to the increased risk of pregnancy complications and worse perinatal outcomes, 
pregnancies in obese women are associated with higher costs. Costs of 484 singleton 
pregnancies were compared in a retrospective setting in Wales by Morgan et al.105 When 
adjusting for maternal age, parity, ethnicity and comorbidities, mean total costs of healthcare 
utilisation and direct healthcare costs were 23% higher among overweight women and 
37% higher among obese women compared to women with a normal weight.105 A Scottish 
retrospective cohort study by Denison et al. investigated health service costs of 124 280 
singleton deliveries according to maternal BMI. They found a 45% and 88% increase in the 
number of admissions and a 9% and 12% increase in the duration of hospital stay in obese 
class I-II or obese class III women respectively compared to normal weight women.106 This led 
to an increase of additional maternity admission costs of approximately £450 (unadjusted) 
for an obese woman (with mean cost of admissions in a normal weight woman being 
approximately £2100). After adjusting for sociodemographic factors and adverse outcomes 
associated with BMI, the increase in costs was approximately £200 in obese women, showing 
that roughly 50% of the increase in costs is caused by the additional risk of complications 
during pregnancy in obese women. 

1.5 Lifestyle interventions for obesity

Lifestyle interventions are the recommended first-line treatment for overweight or obese 
individuals.107,108 Cornerstone of lifestyle interventions is that the total energy intake should 
be less than the energy expenditure. Lifestyle interventions generally consist of a change 
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in diet, an increase in exercise and behavioural modification. The NICE guideline for 
obesity, which is supported by the Dutch guideline for diagnosis and treatment of obesity, 
recommends a diet with a 600 kilocalories ( kcal) deficit than that is needed to stay the same 
weight, or reducing energy intake by reducing fat content of the diet in combination with 
support and intensive follow-up.108,109 Weight loss of 300-500 grams per week should be 
achieved by such an energy deficit. 

The Dutch Standard for healthy exercise (Nederlandse Norm Gezond Bewegen), published 
in 2008, advices at least 30 minutes of moderate intense activities a day for at least five times 
a week.110 In addition, it is recommended that behaviour change strategies are included 
in the intervention to increase physical activity levels and improve eating behaviours. 
Guidelines recommend that healthcare providers screen for overweight and obesity and 
opportunistically advice patients to lose weight, also in patients without any obesity-
associated co-morbidities.108

1.5.1 Lifestyle interventions to achieve weight loss
Weight loss is usually achieved with any low-carbohydrate or low-fat diet and the type 
or brand of the diet does not materially change the amount of weight loss that can be 
achieved.111 Dietz et al pooled average weight loss recorded from intervention trials of 
dietary programmes of 12 months or longer in a systematic review.112 The results are shown 
in Table 3. The amount of weight loss was largely similar between dietary programmes, 
although the average weight reduction was greatest with a Weight Watchers programme.

Table 3.  Average weight loss according to dietary programme, adapted from Dietz et al. 112

Dietary programme Average weight reduction after 12 months (kg)

Low glycaemic -4.0

Low carbohydrate, high protein -5.5

Low fat, high protein -4.1

Mediterranean -4.4

Weight Watchers -7.0

Although lifestyle interventions might induce a moderate amount of weight loss on the 
relative short term, weight maintenance is a problem on the longer term and crucial to 
maintain the beneficial effects of weight loss.113 Dombrowski et al. performed a systematic 
review and meta-analysis of RCTs regarding long term maintenance of weight loss using 
non-surgical interventions.113 They analysed RCTs wherein initially obese adults who 
achieved ≥5% weight loss were included with long term follow-up of weight maintenance 
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(≥12 months). The weight reduction during the initial weight loss phase averaged -10.8 
kilograms in 42 studies. After 18 months, the difference between participants receiving a 
behavioural intervention versus the control group was -2.0 kg (95% CI -2.7 to -1.2 kg). The 
authors conclude that a behavioural intervention targeting diet and physical activity are 
moderately effective in slowing the regain of weight in obese adults after initial weight loss 
for up to 24 months. 

Even though at the group level a moderate amount weight loss can be achieved during a 
lifestyle intervention, many individuals fail to complete or adhere to a lifestyle intervention 
programme. Not only long term adherence to lifestyle modification is important, also drop-
out or non-completion affects the efficacy of lifestyle interventions, since it is know that 
dropout of a lifestyle intervention is associated with less weight reduction.114 Moroshko et 
al. aimed to investigate predictors of dropout in weight loss interventions, the dropout rate 
in the included studies varied from 9 to 90%.114 In addition, dropout rates may be different 
in RCTs compared to regular care, a retrospective study studying 383 patients visiting an 
outpatient clinic for obesity treatment reported a 77% dropout rate one year after the 
first evaluation.115 In conclusion, short term weight loss is often achieved by weight loss 
programmes, long term weight loss and completion rates of interventions should remain 
focus of attention. 

1.5.2 Preconception lifestyle interventions in obese infertile women
Due to the deleterious effects of obesity on fecundity, outcomes after infertility treatment 
and the course of pregnancy, lifestyle interventions are recommended in obese women 
trying to achieve pregnancy. Guidelines recommend that optimal control of obesity begins 
before conception and that benefits of postponing pregnancy in women to achieve 
preconception weight loss should be balanced against the risk of declining fertility with 
advancing age.102,116,117 However, evidence that lifestyle interventions increase fertility and 
decrease complications during pregnancy is limited.

Sim et al. performed a systematic review investigating the effect of weight loss in overweight 
or obese women undergoing ART on their subsequent pregnancy outcome.118 The authors 
included 11 studies in their review, of which seven studies investigating preconception 
dietary interventions (excluding very low energy diets), two studies investigating very low 
energy diets and three studies investigating non-surgical medical procedures (such as 
an intragastric balloon procedure) or bariatric surgery in the review. All seven studies on 
dietary interventions reported weight loss and four studies reported significantly increased 
pregnancy rates and/or live birth rates compared to a control group. Studies also reported 
normalisation of menstrual pattern, a reduction in the number of ART cycles to achieve 
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pregnancy a less cycle cancellations. Furthermore, there was an increase in the number of 
natural conceptions in women who lost more weight. However, the study quality of the 
studies that were included in this systematic review was poor, only two studies were RCTs 
(including in total 87 patients), seven were cohort studies and two were case reports. 

The two RCTs included in the systematic review were performed by Sim et al. in 2014 and 
Moran et al. in 2011. Sim et al. randomised 27 women to a 12-week intervention including 
diet, exercise and behavioural support and randomised 22 women to the control group.119 
Women lost 6.6 kg and 1.6 kg (P < 0.001) in the intervention and control group respectively. 
At 12 months after the intervention, 12/27 (44%) women achieved a live birth in the 
intervention group and 3/22 (14%) women in the control group (P = 0.02). Moran et al. 
performed a pilot RCT including women with a BMI between 28 and 45 kg/m2, undergoing 
IVF treatment. Women were randomised to a lifestyle intervention consisting of dietary and 
exercise advice (including one meal replacement) or to the control group, consisting of 
standard advice on appropriate diet.120 In total 18 women in the intervention group and 20 
women in the control group were analysed. Women in the intervention group lost 3.8 kg 
and women in the control group 0.5 kg (P < 0.001). Seven of 18 women in the intervention 
group had a live birth and 5 of 20 women in the control group (P = 0.48). The authors 
of the systematic review concluded that well performed RCTs are therefore necessary to 
investigate if a lifestyle intervention preceding infertility treatment improves reproductive 
outcomes.

In conclusion, few RCTs, with small sample sizes, have been performed to investigate 
whether a preconception lifestyle intervention program improves reproductive outcomes 
in obese infertile women. The RCTs that have been performed show that weight loss is 
feasible in this patient group, whether this weight loss influences reproductive outcomes 
is unclear. Furthermore, dropout is also a problem in this patient population, with 24% of 
obese infertile women not able to complete a lifestyle intervention program.121

In addition, few studies have been performed regarding preconception lifestyle intervention 
and/or weight loss in obese women and the subsequent effects on maternal and neonatal 
outcomes during or after pregnancy and childbirth. Villamor and Cnattingius examined the 
association between interpregnancy weight change of the first and second pregnancy and 
risk of adverse pregnancy outcomes in the second pregnancy in 151 025 women using data 
from the Swedish Birth Register.122 The authors did not find a significant difference in the 
rate of gestational hypertension or gestational diabetes in overweight women who lost > 1 
kg/m2 before the next pregnancy, but there was a lower rate of LGA (aOR 0.8, 95%CI 0.7-1.0) 
in these women. The authors show that weight gain between pregnancies was detrimental 
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in women within all weight groups even in women with normal BMI. Furthermore, it has 
been shown that neonatal mortality is lower in overweight women who reduced their 
interpregnancy weight with 2 or more units BMI compared to women who remained at a 
stable weight (adjusted RR 0.5, 95% CI 0.3-0.9).123 

1.5.3 Lifestyle interventions for women with PCOS
Characteristics of PCOS such as hyperandrogenism, insulin resistance and hyperinsulinaemia 
generally are worse in obese women compared to normal weight women with 
PCOS.124,125 It has been shown that weight loss in anovulatory obese women can lead to 
resumption of ovulation, especially in case of intra-abdominal fat loss.126 The mediating 
mechanism is presumably a decrease in insulin resistance and a subsequent decrease in 
the hyperandrogenaemia.126,127 Therefore guidelines recommend lifestyle intervention for 
obese women with PCOS as the first management option, however evidence is limited.127 
A Cochrane review on lifestyle interventions in women with PCOS by Moran et al. in 2011, 
showed that there were no studies assessing important reproductive outcomes, such as 
live births, miscarriages or resumption of ovulation.128 Lifestyle interventions did however 
provide benefits for secondary outcomes, such as a decrease in testosterone, hirsutism, 
weight, waist circumference and fasting insulin levels. 

A recent secondary analysis of RCT data by Legro et al. showed that women who were 
randomised to a 16-week lifestyle intervention preceding ovulation induction with 
clomiphene citrate (n = 48), compared to immediate ovulation induction (n = 187), had 
significantly increased cumulative ovulation rates (RR 1.4, 95%CI 1.1-1.7) and a significantly 
increased live birth rate (RR 2.5, 95%CI 1.3-4.7) after four cycles of ovulation induction.129 

1.5.4 Lifestyle interventions during pregnancy
A systematic review of randomised trials by Thangaratinam et al., published in 2012, reviewed 
the effects of lifestyle interventions during pregnancy in obese women on maternal and 
neonatal outcomes.130 The authors identified 44 RCTs including 7278 women and evaluated 
three types of interventions: diet and physical interventions or a mixed approach. Overall, 
there was a 1.4 kg gestational weight gain reduction with any intervention compared to 
the control group. All types of interventions reduced the risk of preeclampsia (RR 0.7, 95% 
CI 0.6-0.9) and shoulder dystocia (RR 0.4, 95% CI 0.2-0.7), but did not reduce the risk of other 
important maternal and neonatal outcomes. Dietary interventions were most effective in 
reducing gestational weight gain (-3.8 kg, 95% CI -2.5 to -5.2 kg) and were associated with 
improved pregnancy outcomes, such as a 33% reduced risk of preeclampsia (RR 0.7, 95% CI 
0.5-0.9), a 61% reduced risk of gestational diabetes (RR 0.4, 95% CI 0.2-0.7) and a reduction 
in pregnancy-induced hypertension (RR 0.3, 95% CI 0.1-0.9) and preterm delivery (RR 0.7, 
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95% CI 0.5-1.0). Birth weight and the rates of SGA and LGA were not significantly different 
in women who received lifestyle intervention during pregnancy. Though physical activity 
alone was associated with a 60-gram reduction in birth weight (95% CI, -120--10). 

Oteng-Ntim et al. also published a systematic review and meta-analysis on lifestyle 
interventions for overweight and obese pregnant women to improve pregnancy outcome. 
They identified 13 RCTs and six non-randomised studies, investigating 1228 women from 
randomised studies and 1534 women from non-randomised studies. They found that a 
lifestyle intervention reduced gestational weight gain (-2.2 kg, 95% CI -2.9 to -1.6 kg), but 
they did not identify a difference in prevalence of adverse maternal or neonatal outcomes 
in women who received a lifestyle intervention during pregnancy compared to women in 
the control group.131 Discrepancies between this meta-analysis can and the meta-analysis 
by Thangaratinam et al. can probably be explained by the different number of studies 
included in both meta-analyses and the included number of women. 

After publication of these reviews several well-executed RCTs were published further 
investigating the effects of lifestyle interventions during pregnancy in obese women. The 
LIMIT RCT, published in 2014, investigated the effects of a dietary and lifestyle intervention 
(n = 1108) in pregnant women with a BMI > 25 kg/m2 compared to women receiving regular 
care (n = 1104). The main outcome parameter was being large-for-gestational-age. The risk 
of being LGA was not significantly different between groups, nor were any other maternal 
or neonatal outcomes.132 The UPBEAT RCT, published in 2015, investigated the effects of 
a behavioural intervention in obese pregnant women on the incidence of gestational 
diabetes and LGA. The authors randomly assigned 783 women to the intervention group 
and 772 women to standard care. The incidence of gestational diabetes and LGA was not 
different between groups.133 The RADIEL study was published in 2016 and did report a 39% 
reduction of gestational diabetes in obese women or women with previous gestational 
diabetes receiving an individualized lifestyle intervention programme (n = 155) compared 
to standard care (n =138).134  

The number of cost-effectiveness analyses of lifestyle intervention during pregnancy is 
limited and studies use a variety of outcome measurements. Dodd et al. performed an 
economic evaluation of the LIMIT RCT, in which pregnant women (gestational age 10-20 
weeks) with a BMI ≥25 kg/m2 were randomised to a lifestyle intervention or to standard care. 
The authors found that the costs of the lifestyle intervention were compensated by savings 
associated with improved neonatal outcomes. The probability that the intervention was 
cost-effective for preventing a child with a birth weight > 4 kg was 85% using a threshold 
value of $20,000.135 Kolu et al. evaluated 399 women with at least one risk factor for gestational 
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diabetes using data of a RCT (the NELLI study). The authors showed that with a probability 
of 87% that each gram of additional birth weight avoided 7 euros of costs.136 Oostdam et al. 
performed a similar economic evaluation in 121 women at risk for gestational diabetes, with 
the aim to investigate whether an exercise program during pregnancy is a cost-effective 
intervention for preventing gestational diabetes.137 The authors found that the intervention 
was not cost-effective regarding blood glucose levels or infant birth weight. 

1.5.5 Determinants of successful lifestyle change
As described previously, not all patients participating in a lifestyle intervention will achieve 
weight loss and roughly a quarter of patients will discontinue the intervention. Certain 
characteristics or determinants of participants of a lifestyle intervention can be associated 
with successfully changing lifestyle or on the contrary discontinuing a lifestyle intervention. 
Future intervention programs could be adapted or focused on certain patient groups if 
these determinants of successful lifestyle change are known. The most widely studied 
determinants of successful lifestyle change are behavioural and psychological constructs. 
Teixeira et al. aimed to review prospective predictors of weight loss, and found that less 
previous dieting and a self-motivated, autonomous style with high levels of self-efficacy 
were the most consistent predictors of successful weight loss.138 However, the authors note 
that a review on determinants of successful lifestyle change is difficult because a large 
heterogeneity exists in studies assessing these determinants. 

1.6 Other methods for treating obesity

1.6.1 Weight loss medication
In the Netherlands, orlistat, a pancreatic lipase inhibitor, is the only registered and approved 
medication to induce weight loss.107,139 The Dutch Society for General Practitioners and the 
Dutch Health Institute do not recommend prescription of orlistat to obese patients for 
trying to achieve weight loss. Reasons for this are that orlistat induces only modest weight 
loss, long term follow-up is not available and 30 to 40% of patients discontinue orlistat due 
to side-effects.139

1.6.2 Bariatric surgery
Bariatric surgery is an alternative method of achieving weight loss, which is both 
effective and sustainable.140 Bariatric surgery is associated with significant risks, such as 
thromboembolisms, anastomotic leakage, haemorrhage and pneumonia and these occur 
in about 10% of cases, mortality is however low (0.1 to 1.1%).107 In addition, it is a costly 
therapy with life-long consequences and therefore it is not suitable for the treatment of 
obesity on the population level, but in can be a solution for individuals. Therefore, in The 
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Netherlands, obese patients can only qualify for bariatric surgery if their BMI is ≥ 40 kg/m2 
or if their BMI is between 35 and 40 kg/m2 and at least one obesity-associated comorbidity 
is present. Other interventions such as a comprehensive lifestyle intervention should have 
been tried, but have failed to induce significant weight loss.107 

Multiple systematic reviews of the literature have been performed concerning the 
consequences of bariatric surgery preceding pregnancy. Yi et al. performed a systematic 
review and included 11 articles in the review, the authors found a decreased rate of 
gestational diabetes (OR 0.3, 95% CI 0.2-0.7) and hypertensive disorders (OR 0.4, 95% CI 
0.2-0.8) in women who previously underwent bariatric surgery. The authors also found a 
decreased ratio of macrosomia (OR 0.4, 95% CI 0.2-0.7) and a higher rate of SGA (2.2, 95% 
CI 1.3-3.7) in women who previously had bariatric surgery.141 Maggard et al. found, in a 
systematic review, that rates of gestational diabetes (0% vs 22%, P < 0.05) and preeclampsia 
(0% vs 3.1%, P < 0.05) were lower in women with previous bariatric surgery compared to 
obese women in a matched control group who did not have a history of previous bariatric 
surgery.142

A cohort study by Johansson et al., investigated 627 693 singleton pregnancies in women 
who had previously undergone bariatric surgery. Bariatric surgery was associated with a 
lower risk of gestational diabetes (2% vs 7%, OR 0.3, 95%CI 0.1-0.5) and LGA (9% vs 22%, OR 
0.3, 95%CI 0.2-0.4) as compared with control pregnancies that were matched for presurgery 
BMI and other confounders. In contrast, pregnancies after bariatric surgery were associated 
with a higher risk of SGA (16 vs 8%, OR 2.2, 95%CI 1.6-3.0) and shorter gestation (mean 
difference -4.5 days, P < 0.001).143 

It is advised that women delay pregnancy until at least one year after bariatric surgery, after 
the rapid and catabolic phase of weight loss has ceased.144 Furthermore, pregnant women 
who previously underwent bariatric surgery are at risk for deficiencies of micronutrients such 
as folate, thiamin, vitamin A, D and E, phylloquinone, calcium and iron, depending on the 
type of surgery.145 A systematic review of the literature showed the most common neonatal 
complications associated with micronutrient deficiencies were visual complications, 
intracranial haemorrhage, neurological and developmental impairments and neural tube 
defects.145 However, the authors described the quality of the evidence as low. Despite low 
evidence, the authors propose additional screening in women who underwent bariatric 
surgery during the preconception period and during pregnancy. 
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1.7 Aims and outline of the thesis

The aim of this thesis is to perform an in-detailed analysis of several aspects of a lifestyle 
intervention preceding infertility treatment when compared to prompt infertility treatment 
in obese infertile women. The results and data of the LIFEstyle study, a randomized 
controlled trial in obese infertile women on lifestyle intervention preceding infertility 
treatment compared to immediate infertility treatment, play a central role in this thesis and 
the main results are presented in Chapter 2. All chapters presented thereafter use data 
of the LIFEstyle study. Since in the LIFEstyle study a heterogeneous population of obese 
infertile women were included, the aim of Chapter 3 is to evaluate the effects of the lifestyle 
intervention in the LIFEstyle study in subgroups of obese infertile women. The predefined 
subgroups of women were based on age, body-mass index, ovulatory status and waist-hip 
ratio. Chapter 4 presents an in-detailed economic analysis comparing lifestyle intervention 
preceding infertility treatment to prompt infertility treatment. The economic analysis 
includes various scenarios using different effectiveness measurements and subgroups of 
women to estimate in which scenario lifestyle intervention preceding infertility treatment 
can be cost-effective. Chapter 5 provides an in-depth analysis of the effects of a lifestyle 
intervention on cardiometabolic health and quality of life on the short term. In Chapter 6 the 
effects of periconceptional weight loss, independent of randomisation arm of the LIFEstyle 
study, on maternal and neonatal outcomes are investigated. By doing so the biological 
effects of weight loss, instead of participating in a lifestyle intervention could be studied. 
The aim of Chapter 7 is to identify determinants of successful lifestyle change. Successful 
lifestyle change was defined as successful weight loss, adaptation of energy intake and 
improvement in the number of steps taken daily. Chapter 8 provides an overview and 
summary of the main results of this thesis, the possibilities and recommendations for future 
research.
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Figure 2. Graphical presentation of central concept and detailed aspects of this thesis

 

Lifestyle 
Intervention 

in obese 
infertile 
women 

Lifestyle 
Intervention 

in obese 
infertile 
women 

Effective-
ness 

Effective-
ness 

Subgroups Subgroups 

Costs Costs 

Cardiome-
tabolic 
health 

Cardiome-
tabolic 
health 

Quality of 
life 

Quality of 
life 

Determin-
ants of 
success 

Determin-
ants of 
success 

Maternal 
outcomes 
Maternal 
outcomes 

Neonatal 
outcomes 
Neonatal 
outcomes 



30

Chapter 1

References
1.  World Health Organization (WHO). Obesity: Preventing and managing the global epidemic. report of a WHO 

consultation. geneva, WHO technical report series 894. . 2000.

2.  World Health Organization. Obesity and overweight. fact sheet n. 311. http://www.who.int/mediacentre/
factsheets/fs311/en/. Updated June, 2016. Accessed October 3, 2016.

3.  Gezondheidsmonitor volwassenen GGD’en, CBS en RIVM. https://www.volksgezondheidenzorg.info/onder-
werp/overgewicht/cijfers-context/huidige-situatie#node-overgewicht-volwassenen-naar-leeftijd. Updated 
2015. Accessed october 6, 2016.

4.  Kumar P, Clark ML. Kumar	and	clark’s	clinical	medicine.	8th ed. Elsevier; 2012:1304.

5.  Swinburn BA, Sacks G, Hall KD, et al. The global obesity pandemic: Shaped by global drivers and local envi-
ronments. Lancet. 2011;378(9793):804-814.

6.  Mackenbach JP, Stirbu I, Roskam AJ, et al. Socioeconomic inequalities in health in 22 european countries. N	
Engl	J	Med. 2008;358(23):2468-2481.

7.  Fontaine KR, Barofsky I, Bartlett SJ, Franckowiak SC, Andersen RE. Weight loss and health-related quality of 
life: Results at 1-year follow-up. Eat	Behav. 2004;5(1):85-88.

8.  Fontaine KR, Barofsky I. Obesity and health-related quality of life. Obes	Rev. 2001;2(3):173-182.

9.  Withrow D, Alter DA. The economic burden of obesity worldwide: A systematic review of the direct costs of 
obesity. Obes	Rev. 2011;12(2):131-141.

10.  Kim DD, Basu A. Estimating the medical care costs of obesity in the united states: Systematic review, meta-
analysis, and empirical analysis. Value	Health. 2016;19(5):602-613.

11.  Church TS, Thomas DM, Tudor-Locke C, et al. Trends over 5 decades in U.S. occupation-related physical 
activity and their associations with obesity. PLoS	One. 2011;6(5):e19657.

12.  Maher CA, Mire E, Harrington DM, Staiano AE, Katzmarzyk PT. The independent and combined associations 
of physical activity and sedentary behavior with obesity in adults: NHANES 2003-06. Obesity	(Silver	Spring). 
2013;21(12):E730-7.

13.  Bray GA. Obesity in adults: Etiology and natural history. www.uptodate.com. Updated 2015. Accessed Janu-
ary 9, 2017.

14.  Weiss R. Fat distribution and storage: How much, where, and how? Eur	J	Endocrinol. 2007;157 Suppl 1:S39-45.

15.  Cannon B, Nedergaard J. Brown adipose tissue: Function and physiological significance. Physiol	Rev. 
2004;84(1):277-359.

16.  Virtanen KA, Lidell ME, Orava J, et al. Functional brown adipose tissue in healthy adults. N	Engl	J	Med. 
2009;360(15):1518-1525.

17.  Lean ME. Brown adipose tissue in humans. Proc	Nutr	Soc. 1989;48(2):243-256.

18.  Montanari T, Poscic N, Colitti M. Factors involved in white-to-brown adipose tissue conversion and in ther-
mogenesis: A review. Obes	Rev. 2017;18(5):495-513.

19.  Despres JP, Lemieux I. Abdominal obesity and metabolic syndrome. Nature. 2006;444(7121):881-887.

20.  Tchernof A, Despres JP. Pathophysiology of human visceral obesity: An update. Physiol	Rev. 2013;93(1):359-
404.

21.  Van Gaal LF, Mertens IL, De Block CE. Mechanisms linking obesity with cardiovascular disease. Nature. 
2006;444(7121):875-880.

22.  Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and management of obesity. N	Engl	J	Med. 
2017;376(3):254-266.

23.  Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin resistance and type 2 diabetes. 
Nature. 2006;444(7121):840-846.

24.  Tchkonia T, Thomou T, Zhu Y, et al. Mechanisms and metabolic implications of regional differences among 
fat depots. Cell	Metab. 2013;17(5):644-656.

25.  Rolfes RA, Pinna K, Whitney E. Understanding	normal	and	clinical	nutrition.	7th ed. Belmont, California, USA: 
Thomson Wadsworth; 2006.

26.  Enriori PJ, Evans AE, Sinnayah P, Cowley MA. Leptin resistance and obesity. Obesity	(Silver	Spring). 2006;14 
Suppl 5:254S-258S.



1

31

Introduction

27.  Kuo SM, Halpern MM. Lack of association between body mass index and plasma adiponectin levels in heal-
thy adults. Int	J	Obes	(Lond). 2011;35(12):1487-1494.

28.  Haslam DW, James WP. Obesity. Lancet. 2005;366(9492):1197-1209.

29.  World Health Organization. Cardiovascular disease. fact sheet n. 317. http://www.who.int/mediacentre/
factsheets/fs317/en/. Updated September, 2016. Accessed October 3, 2016.

30.  Lakka TA, Lakka HM, Salonen R, Kaplan GA, Salonen JT. Abdominal obesity is associated with accelerated 
progression of carotid atherosclerosis in men. Atherosclerosis. 2001;154(2):497-504.

31.  Unglaub Silverthorn D, Ober W, Garrison C, Silverthorn A, Johnson B. Human	physiology.	3rd ed. San Fran-
cisco: Pearson Education; 2004.

32.  Meigs JB. The metabolic syndrome. Uptodate.com Web site. www.uptodate.com. Updated 2016. Accessed 
November 1, 2016.

33.  Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive 
summary of the third report of the national cholesterol education program (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in adults (adult treatment panel III). JAMA. 
2001;285(19):2486-2497.

34.  Rutten GEHM, De Grauw WJC, Nijpels G, et al. NHG-standaard diabetes mellitus type 2 (derde herziening). 
Huisarts	Wet. 2013;Huisarts Wet(10):512-525.

35.  Ramlau-Hansen CH, Thulstrup AM, Nohr EA, Bonde JP, Sorensen TI, Olsen J. Subfecundity in overweight and 
obese couples. Hum	Reprod. 2007;22(6):1634-1637.

36.  van der Steeg JW, Steures P, Eijkemans MJ, et al. Obesity affects spontaneous pregnancy chances in subfer-
tile, ovulatory women. Hum	Reprod. 2008;23(2):324-328.

37.  Rittenberg V, Seshadri S, Sunkara SK, Sobaleva S, Oteng-Ntim E, El-Toukhy T. Effect of body mass index 
on IVF treatment outcome: An updated systematic review and meta-analysis. Reprod	Biomed	Online. 
2011;23(4):421-439.

38.  Sundaram R, Mumford SL, Buck Louis GM. Couples’ body composition and time-to-pregnancy. Hum	Reprod. 
2017;32(3):662-668.

39.  The ESHRE Capri Workshop Group. Anovulatory infertility. Hum	Reprod. 1995;10(6):1549-1553.

40.  Rowe PJ, Comhaire FH, Hargreave TB, Mellows HJ. WHO	manual	for	the	standardized	investigation	and	diagno-
sis	of	the	infertile	couple.	World Health Organisation; 1993:92.

41.  Rich-Edwards JW, Goldman MB, Willett WC, et al. Adolescent body mass index and infertility caused by 
ovulatory disorder. Am	J	Obstet	Gynecol. 1994;171(1):171-177.

42.  Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO. The prevalence and features of the polycys-
tic ovary syndrome in an unselected population. J	Clin	Endocrinol	Metab. 2004;89(6):2745-2749.

43.  Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group. Revised 2003 consensus on 
diagnostic criteria and long-term health risks related to polycystic ovary syndrome (PCOS). Hum	Reprod. 
2004;19(1):41-47.

44.  Teede HJ, Misso ML, Deeks AA, et al. Assessment and management of polycystic ovary syndrome: Summary 
of an evidence-based guideline. Med	J	Aust. 2011;195(6):S65-112.

45.  Pasquali R, Patton L, Gambineri A. Obesity and infertility. Curr	Opin	Endocrinol	Diabetes	Obes. 2007;14(6):482-
487.

46.  Lim SS, Davies MJ, Norman RJ, Moran LJ. Overweight, obesity and central obesity in women with polycystic 
ovary syndrome: A systematic review and meta-analysis. Hum	Reprod	Update. 2012;18(6):618-637.

47.  Moran LJ, Norman RJ, Teede HJ. Metabolic risk in PCOS: Phenotype and adiposity impact. Trends	Endocrinol	
Metab. 2015;26(3):136-143.

48.  McKnight KK, Nodler JL, Cooper JJ,Jr, Chapman VR, Cliver SP, Bates GW,Jr. Body mass index-associated dif-
ferences in response to ovulation induction with letrozole. Fertil	Steril. 2011;96(5):1206-1208.

49.  Dodson WC, Kunselman AR, Legro RS. Association of obesity with treatment outcomes in ovulatory infertile 
women undergoing superovulation and intrauterine insemination. Fertil	Steril. 2006;86(3):642-646.

50.  Souter I, Baltagi LM, Kuleta D, Meeker JD, Petrozza JC. Women, weight, and fertility: The effect of body mass 
index on the outcome of superovulation/intrauterine insemination cycles. Fertil	Steril. 2011;95(3):1042-1047.

51.  Zaadstra BM, Seidell JC, Van Noord PA, et al. Fat and female fecundity: Prospective study of effect of body fat 
distribution on conception rates. BMJ. 1993;306(6876):484-487.



32

Chapter 1

52.  Legro RS, Barnhart HX, Schlaff WD, et al. Clomiphene, metformin, or both for infertility in the polycystic ovary 
syndrome. N	Engl	J	Med. 2007;356(6):551-566.

53.  Legro RS, Brzyski RG, Diamond MP, et al. Letrozole versus clomiphene for infertility in the polycystic ovary 
syndrome. N	Engl	J	Med. 2014;371(2):119-129.

54.  Mulders AG, Laven JS, Eijkemans MJ, Hughes EG, Fauser BC. Patient predictors for outcome of gonadotrop-
hin ovulation induction in women with normogonadotrophic anovulatory infertility: A meta-analysis. Hum	
Reprod	Update. 2003;9(5):429-449.

55.  Kawwass JF, Kulkarni AD, Hipp HS, Crawford S, Kissin DM, Jamieson DJ. Extremities of body mass index and 
their association with pregnancy outcomes in women undergoing in vitro fertilization in the united states. 
Fertil	Steril. 2016;106(7):1742-1750.

56.  Provost MP, Acharya KS, Acharya CR, et al. Pregnancy outcomes decline with increasing body mass index: 
Analysis of 239,127 fresh autologous in vitro fertilization cycles from the 2008-2010 society for assisted 
reproductive technology registry. Fertil	Steril. 2016;105(3):663-669.

57.  Metwally M, Cutting R, Tipton A, Skull J, Ledger WL, Li TC. Effect of increased body mass index on oocyte and 
embryo quality in IVF patients. Reprod	Biomed	Online. 2007;15(5):532-538.

58.  Zhang D, Zhu Y, Gao H, et al. Overweight and obesity negatively affect the outcomes of ovarian stimulation 
and in vitro fertilisation: A cohort study of 2628 chinese women. Gynecol	Endocrinol. 2010;26(5):325-332.

59.  Sobaleva S, El-Toukhy T. The impact of raised BMI on the outcome of assisted reproduction: Current con-
cepts. J	Obstet	Gynaecol. 2011;31(7):561-565.

60.  Grindler NM, Moley KH. Maternal obesity, infertility and mitochondrial dysfunction: Potential mechanisms 
emerging from mouse model systems. Mol	Hum	Reprod. 2013;19(8):486-494.

61.  Metwally M, Li TC, Ledger WL. The impact of obesity on female reproductive function. Obes	Rev. 
2007;8(6):515-523.

62.  Pandey S, Pandey S, Maheshwari A, Bhattacharya S. The impact of female obesity on the outcome of fertility 
treatment. J	Hum	Reprod	Sci. 2010;3(2):62-67.

63.  Broughton DE, Moley KH. Obesity and female infertility: Potential mediators of obesity’s impact. Fertil	Steril. 
2017;107(4):840-847.

64.  Jungheim ES, Schon SB, Schulte MB, DeUgarte DA, Fowler SA, Tuuli MG. IVF outcomes in obese donor 
oocyte recipients: A systematic review and meta-analysis. Hum	Reprod. 2013;28(10):2720-2727.

65.  Bellver J, Pellicer A, Garcia-Velasco JA, Ballesteros A, Remohi J, Meseguer M. Obesity reduces uterine recep-
tivity: Clinical experience from 9,587 first cycles of ovum donation with normal weight donors. Fertil	Steril. 
2013;100(4):1050-1058.

66.  Luke B, Brown MB, Stern JE, et al. Female obesity adversely affects assisted reproductive technology (ART) 
pregnancy and live birth rates. Hum	Reprod. 2011;26(1):245-252.

67.  Lashen H, Fear K, Sturdee DW. Obesity is associated with increased risk of first trimester and recurrent mis-
carriage: Matched case-control study. Hum	Reprod. 2004;19(7):1644-1646.

68.  Campbell JM, Lane M, Owens JA, Bakos HW. Paternal obesity negatively affects male fertility and assisted 
reproduction outcomes: A systematic review and meta-analysis. Reprod	Biomed	Online. 2015;31(5):593-604.

69.  Sermondade N, Faure C, Fezeu L, et al. BMI in relation to sperm count: An updated systematic review and 
collaborative meta-analysis. Human	Reproduction	Update. 2012;19(3):221-231.

70.  Kley HK, Deselaers T, Peerenboom H, Kruskemper HL. Enhanced conversion of androstenedione to estro-
gens in obese males. J	Clin	Endocrinol	Metab. 1980;51(5):1128-1132.

71.  Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks associated with obesity in pregnancy, for the mo-
ther and baby: A systematic review of reviews. Obes	Rev. 2015;16(8):621-638.

72.  Weiss JL, Malone FD, Emig D, et al. Obesity, obstetric complications and cesarean delivery rate--a populati-
on-based screening study. Am	J	Obstet	Gynecol. 2004;190(4):1091-1097.

73.  Blomberg M. Maternal obesity and risk of postpartum hemorrhage. Obstet	Gynecol. 2011;118(3):561-568.

74.  Cedergren MI. Maternal morbid obesity and the risk of adverse pregnancy outcome. Obstet	Gynecol. 
2004;103(2):219-224.

75.  Palomba S, de Wilde MA, Falbo A, Koster MP, La Sala GB, Fauser BC. Pregnancy complications in women with 
polycystic ovary syndrome. Hum	Reprod	Update. 2015;21(5):575-592.



1

33

Introduction

76.  Institute of Medicine and National Research Council. Weight	gain	during	pregnancy:	Reexamining	the	guideli-
nes.	Washington, DC: The National Academies Press; 2009. http://www.nap.edu/catalog/12584/weight-gain-
during-pregnancy-reexamining-the-guidelines.

77.  Cedergren MI. Optimal gestational weight gain for body mass index categories. Obstet	Gynecol. 
2007;110(4):759-764.

78.  Goldstein R, Teede H, Thangaratinam S, Boyle J. Excess gestational weight gain in pregnancy and the role of 
lifestyle intervention. Semin	Reprod	Med. 2016;34(2):e14-21.

79.  Freinkel N. Banting lecture 1980. of pregnancy and progeny. Diabetes. 1980;29(12):1023-1035.

80.  Yu Z, Han S, Zhu J, Sun X, Ji C, Guo X. Pre-pregnancy body mass index in relation to infant birth weight and 
offspring overweight/obesity: A systematic review and meta-analysis. PLoS	One. 2013;8(4):e61627.

81.  Liu P, Xu L, Wang Y, et al. Association between perinatal outcomes and maternal pre-pregnancy body mass 
index. Obes	Rev. 2016;17(11):1091-1102.

82.  McDonald SD, Han Z, Mulla S, Beyene J, Knowledge Synthesis Group. Overweight and obesity in mo-
thers and risk of preterm birth and low birth weight infants: Systematic review and meta-analyses. BMJ. 
2010;341:c3428.

83.  Torloni MR, Betran AP, Daher S, et al. Maternal BMI and preterm birth: A systematic review of the literature 
with meta-analysis. J	Matern	Fetal	Neonatal	Med. 2009;22(11):957-970.

84.  Lutsiv O, Mah J, Beyene J, McDonald SD. The effects of morbid obesity on maternal and neonatal health 
outcomes: A systematic review and meta-analyses. Obes	Rev. 2015;16(7):531-546.

85.  Blanco R, Colombo A, Suazo J. Maternal obesity is a risk factor for orofacial clefts: A meta-analysis. Br	J	Oral	
Maxillofac	Surg. 2015;53(8):699-704.

86.  Huang HY, Chen HL, Feng LP. Maternal obesity and the risk of neural tube defects in offspring: A meta-analy-
sis. Obes	Res	Clin	Pract. 2016.

87.  Stothard KJ, Tennant PW, Bell R, Rankin J. Maternal overweight and obesity and the risk of congenital ano-
malies: A systematic review and meta-analysis. JAMA. 2009;301(6):636-650.

88.  Correa A, Marcinkevage J. Prepregnancy obesity and the risk of birth defects: An update. Nutr	Rev. 2013;71 
Suppl 1:S68-77.

89.  Aune D, Saugstad OD, Henriksen T, Tonstad S. Maternal body mass index and the risk of fetal death, stillbirth, 
and infant death: A systematic review and meta-analysis. JAMA. 2014;311(15):1536-1546.

90.  Siega-Riz AM, Viswanathan M, Moos MK, et al. A systematic review of outcomes of maternal weight gain 
according to the institute of medicine recommendations: Birthweight, fetal growth, and postpartum weight 
retention. Am	J	Obstet	Gynecol. 2009;201(4):339.e1-339.14.

91.  Faucher MA, Hastings-Tolsma M, Song JJ, Willoughby DS, Bader SG. Gestational weight gain and preterm 
birth in obese women: A systematic review and meta-analysis. BJOG. 2016;123(2):199-206.

92.  Turcksin R, Bel S, Galjaard S, Devlieger R. Maternal obesity and breastfeeding intention, initiation, intensity 
and duration: A systematic review. Matern	Child	Nutr. 2014;10(2):166-183.

93.  Monasta L, Batty GD, Cattaneo A, et al. Early-life determinants of overweight and obesity: A review of syste-
matic reviews. Obes	Rev. 2010;11(10):695-708.

94.  Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of in utero and early-life conditions on adult 
health and disease. N	Engl	J	Med. 2008;359(1):61-73.

95.  Gademan MG, Vermeulen M, Oostvogels AJ, et al. Maternal prepregancy BMI and lipid profile during early 
pregnancy are independently associated with offspring’s body composition at age 5-6 years: The ABCD 
study. PLoS	One. 2014;9(4):e94594.

96.  Eriksson JG, Sandboge S, Salonen M, Kajantie E, Osmond C. Maternal weight in pregnancy and offspring 
body composition in late adulthood: Findings from the helsinki birth cohort study (HBCS). Ann	Med. 
2015;47(2):94-99.

97.  Reynolds RM, Allan KM, Raja EA, et al. Maternal obesity during pregnancy and premature mortality from 
cardiovascular event in adult offspring: Follow-up of 1 323 275 person years. BMJ. 2013;347:f4539.

98.  Nicholas LM, Morrison JL, Rattanatray L, Zhang S, Ozanne SE, McMillen IC. The early origins of obesity and 
insulin resistance: Timing, programming and mechanisms. Int	J	Obes	(Lond). 2016;40(2):229-238.

99.  Koning AM, Kuchenbecker WK, Groen H, et al. Economic consequences of overweight and obesity in inferti-
lity: A framework for evaluating the costs and outcomes of fertility care. Hum	Reprod	Update. 2010;16(3):246-
254.



34

Chapter 1

100.  Pandey S, McLernon DJ, Scotland G, Mollison J, Wordsworth S, Bhattacharya S. Cost of fertility treatment and 
live birth outcome in women of different ages and BMI. Hum	Reprod. 2014;29(10):2199-2211.

101.  Pandey S, Maheshwari A, Bhattacharya S. Should access to fertility treatment be determined by female body 
mass index? Hum	Reprod. 2010;25(4):815-820.

102.  National Collaborating Centre for Women’s and Children’s Health (UK). . 2013.

103.  Gillett WR, Putt T, Farquhar CM. Prioritising for fertility treatments--the effect of excluding women with a 
high body mass index. BJOG. 2006;113(10):1218-1221.

104.  Farland LV, Collier AR, Correia KF, et al. Who receives a medical evaluation for infertility in the united states? 
Fertil	Steril. 2016;105(5):1274-1280.

105.  Morgan KL, Rahman MA, Macey S, et al. Obesity in pregnancy: A retrospective prevalence-based study on 
health service utilisation and costs on the NHS. BMJ	Open. 2014;4(2):e003983.

106.  Denison FC, Norwood P, Bhattacharya S, et al. Association between maternal body mass index during 
pregnancy, short-term morbidity, and increased health service costs: A population-based study. BJOG. 
2014;121(1):72-82.

107.  Van Binsbergen JJ, Langens FNM, Dapper ALM, et al. NHG-standaard obesitas. Huisarts	Wet. 2010;53(11):609-
25.

108.  Stegenga H, Haines A, Jones K, Wilding J, Guideline Development Group. Identification, assessment, and 
management of overweight and obesity: Summary of updated NICE guidance. BMJ. 2014;349:g6608.

109.  Kwaliteitsinstituut voor de Gezondheidszorg, CBO. Richtlijn	diagnostiek	en	behandeling	van	obesitas	bij	
volwassenen	en	kinderen.	Alphen aan den Rijn: Van Zuiden Communications B.V.; 2008. Accessed 6 October 
2016.

110.  Nederlandse norm gezond bewegen. https://www.allesoversport.nl/artikel/hoeveel-moet-je-bewegen-
volgens-de-beweegnorm/. Updated 2015. Accessed 6 October, 2016.

111.  Johnston BC, Kanters S, Bandayrel K, et al. Comparison of weight loss among named diet programs in over-
weight and obese adults: A meta-analysis. JAMA. 2014;312(9):923-933.

112.  Dietz WH, Baur LA, Hall K, et al. Management of obesity: Improvement of health-care training and systems 
for prevention and care. Lancet. 2015;385(9986):2521-2533.

113.  Dombrowski SU, Knittle K, Avenell A, Araujo-Soares V, Sniehotta FF. Long term maintenance of weight loss 
with non-surgical interventions in obese adults: Systematic review and meta-analyses of randomised con-
trolled trials. BMJ. 2014;348:g2646.

114.  Moroshko I, Brennan L, O’Brien P. Predictors of dropout in weight loss interventions: A systematic review of 
the literature. Obes	Rev. 2011;12(11):912-934.

115.  Inelmen EM, Toffanello ED, Enzi G, et al. Predictors of drop-out in overweight and obese outpatients. Int	J	
Obes	(Lond). 2005;29(1):122-128.

116.  American College of Obstetricians and Gynecologists. ACOG practice bulletin no 156: Obesity in pregnancy. 
Obstet	Gynecol. 2015;126(6):e112-26.

117.  Practice Committee of the American Society for Reproductive Medicine. Obesity and reproduction: A com-
mittee opinion. Fertil	Steril. 2015;104(5):1116-1126.

118.  Sim KA, Partridge SR, Sainsbury A. Does weight loss in overweight or obese women improve fertility treat-
ment outcomes? A systematic review. Obes	Rev. 2014;15(10):839-850.

119.  Sim KA, Dezarnaulds GM, Denyer GS, Skilton MR, Caterson ID. Weight loss improves reproductive outcomes 
in obese women undergoing fertility treatment: A randomized controlled trial. Clin	Obes. 2014;4(2):61-68.

120.  Moran L, Tsagareli V, Norman R, Noakes M. Diet and IVF pilot study: Short-term weight loss improves preg-
nancy rates in overweight/obese women undertaking IVF. Aust	N	Z	J	Obstet	Gynaecol. 2011;51(5):455-459.

121.  Mutsaerts MA, Kuchenbecker WK, Mol BW, Land JA, Hoek A. Dropout is a problem in lifestyle intervention 
programs for overweight and obese infertile women: A systematic review. Hum	Reprod. 2013;28(4):979-986.

122.  Villamor E, Cnattingius S. Interpregnancy weight change and risk of adverse pregnancy outcomes: A 
population-based study. Lancet. 2006;368(9542):1164-1170.

123.  Cnattingius S, Villamor E. Weight change between successive pregnancies and risks of stillbirth and infant 
mortality: A nationwide cohort study. Lancet. 2015.



1

35

Introduction

124.  Behboudi-Gandevani S, Ramezani Tehrani F, Rostami Dovom M, et al. Insulin resistance in obesity and po-
lycystic ovary syndrome: Systematic review and meta-analysis of observational studies. Gynecol	Endocrinol. 
2016;32(5):343-353.

125.  Acien P, Quereda F, Matallin P, et al. Insulin, androgens, and obesity in women with and without polycystic 
ovary syndrome: A heterogeneous group of disorders. Fertil	Steril. 1999;72(1):32-40.

126.  Kuchenbecker WK, Groen H, van Asselt SJ, et al. In women with polycystic ovary syndrome and obesity, loss 
of intra-abdominal fat is associated with resumption of ovulation. Hum	Reprod. 2011;26(9):2505-2512.

127.  Balen AH, Morley LC, Misso M, et al. The management of anovulatory infertility in women with polycystic 
ovary syndrome: An analysis of the evidence to support the development of global WHO guidance. Hum	
Reprod	Update. 2016.

128.  Moran LJ, Hutchison SK, Norman RJ, Teede HJ. Lifestyle changes in women with polycystic ovary syndrome. 
Cochrane	Database	Syst	Rev. 2011;(7):CD007506. doi(7):CD007506.

129.  Legro RS, Dodson WC, Kunselman AR, et al. Benefit of delayed fertility therapy with preconception weight 
loss over immediate therapy in obese women with PCOS. J	Clin	Endocrinol	Metab. 2016;101(7):2658-2666.

130.  Thangaratinam S, Rogozinska E, Jolly K, et al. Effects of interventions in pregnancy on maternal weight and 
obstetric outcomes: Meta-analysis of randomised evidence. BMJ. 2012;344:e2088.

131.  Oteng-Ntim E, Varma R, Croker H, Poston L, Doyle P. Lifestyle interventions for overweight and obese preg-
nant women to improve pregnancy outcome: Systematic review and meta-analysis. BMC	Med. 2012;10:47-
7015-10-47.

132.  Dodd JM, Turnbull D, McPhee AJ, et al. Antenatal lifestyle advice for women who are overweight or obese: 
LIMIT randomised trial. BMJ. 2014;348:g1285.

133.  Poston L, Bell R, Croker H, et al. Effect of a behavioural intervention in obese pregnant women (the UPBEAT 
study): A multicentre, randomised controlled trial. Lancet	Diabetes	Endocrinol. 2015;3(10):767-777.

134.  Koivusalo SB, Rono K, Klemetti MM, et al. Gestational diabetes mellitus can be prevented by lifestyle inter-
vention: The finnish gestational diabetes prevention study (RADIEL): A randomized controlled trial. Diabetes	
Care. 2016;39(1):24-30.

135.  Dodd JM, Ahmed S, Karnon J, et al. The cost-effectiveness of providing antenatal lifestyle advice for women 
who are overweight or obese: The LIMIT randomised trial. BMC	Obes. 2015;2:14-015-0046-4. eCollection 
2015.

136.  Kolu P, Raitanen J, Rissanen P, Luoto R. Cost-effectiveness of lifestyle counselling as primary prevention of 
gestational diabetes mellitus: Findings from a cluster-randomised trial. PLoS	One. 2013;8(2):e56392.

137.  Oostdam N, Bosmans J, Wouters MG, Eekhoff EM, van Mechelen W, van Poppel MN. Cost-effectiveness of 
an exercise program during pregnancy to prevent gestational diabetes: Results of an economic evaluation 
alongside a randomised controlled trial. BMC	Pregnancy	Childbirth. 2012;12:64-2393-12-64.

138.  Teixeira PJ, Going SB, Sardinha LB, Lohman TG. A review of psychosocial pre-treatment predictors of weight 
control. Obes	Rev. 2005;6(1):43-65.

139.  Zorginstituut Nederland. Farmacotherapeutisch kompas. www.farmacotherapeutischkompas.nl. Updated 
2016. Accessed 21 december 2016, 2016.

140.  Sjostrom L, Lindroos AK, Peltonen M, et al. Lifestyle, diabetes, and cardiovascular risk factors 10 years after 
bariatric surgery. N	Engl	J	Med. 2004;351(26):2683-2693.

141.  Yi XY, Li QF, Zhang J, Wang ZH. A meta-analysis of maternal and fetal outcomes of pregnancy after bariatric 
surgery. Int	J	Gynaecol	Obstet. 2015;130(1):3-9.

142.  Maggard MA, Yermilov I, Li Z, et al. Pregnancy and fertility following bariatric surgery: A systematic review. 
JAMA. 2008;300(19):2286-2296.

143.  Johansson K, Cnattingius S, Naslund I, et al. Outcomes of pregnancy after bariatric surgery. N	Engl	J	Med. 
2015;372(9):814-824.

144.  NVOG Commissie Kwaliteit. Richtlijn zwangerschap en obesitas. http://nvog-documenten.nl/index.
php?pagina=/richtlijn/item/pagina.php&richtlijn_id=846. Updated 2012. Accessed 4 March, 2017.

145.  Jans G, Matthys C, Bogaerts A, et al. Maternal micronutrient deficiencies and related adverse neonatal out-
comes after bariatric surgery: A systematic review. Adv	Nutr. 2015;6(4):420-429.

 




