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General introduction

Polycystic ovary syndrome: definitions and phenotypes 
Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in wo-
men of reproductive age, with a reported population incidence between 6 and 15%.1,2 
According to the Rotterdam 2003 consensus criteria, PCOS is diagnosed when two of 
the three following criteria were present: oligo- or anovulation, clinical or biochemical 
hyperandrogenism and polycystic ovaries. PCOS represents a heterogeneous condi-
tion with lifelong increased risks for serious reproductive and metabolic dysfunction 
(Figure 1). In short, early manifestations of the syndrome are often irregular or absent 
menstrual bleeding, anovulatory infertility and/or clinical manifestations of androgen 
excess, such as acne or hirsutism.3 Subsequently, there are metabolic disturbances as-
sociated with PCOS, of which some are already present early in life (obesity, insulin 
resistance) and others appear later in life (dyslipidaemia, type 2 diabetes).2 When a 
pregnancy is achieved, women with PCOS have an increased risk of maternal and ne-
onatal complications (see paragraph “Polycystic ovary syndrome and pregnancy”). 

The association between amenorrhoea and bilateral polycystic ovaries (PCO) was des-
cribed for the first time by Stein and Leventhal in 1935.4 From that moment, the criteria 
for diagnosing PCOS have been continuously discussed. Currently, there are mainly 
three different criteria used to diagnose PCOS (Table 1).3,5,6 According to these different 
criteria, a total of four PCOS phenotypes can be distinguished: A) the oligo- or anovu-
latory PCO hyperandrogenic phenotype, B) the oligo- or anovulatory PCO phenotype, 
C) the oligo- or anovulatory hyperandrogenic phenotype, and D) the hyperandrogenic 
PCO phenotype (Table 1).3 Most papers that distinguish between these different phe-
notypes, only make a distinction between the hyperandrogenic and non-hyperandro-
genic phenotype, because these are considerably metabolically different; women with 
the hyperandrogenic phenotype tend to be more metabolically disturbed compared 
with women with the normo-androgenic phenotype.7–9 

The aetiology of PCOS still remains unknown, probably because of the heterogeneous 
nature of this condition. A genetic and environmental component is suggested to play 
a role in the development of PCOS; however specific mechanisms are not yet identified. 
Families have been studied and association studies (case-control studies which assess 
if certain alleles are associated with the syndrome) have been performed, but still no 
clear mode of inheritance was found.10 Recently, two genome wide association stu-
dies reported associations between PCOS and some single-nucleotide polymorphisms 
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as hyperinsulinaemia and hyperandrogenism as well, since these co-morbidities are 
more often present in first-degree relatives of women with PCOS.16,18,19 

Polycystic ovary syndrome and the preconception period
Many women with PCOS have difficulties in achieving a pregnancy due to the common 
ovulatory dysfunction (Figure I).20 There are a few treatment options for women with 
PCOS with anovulatory  infertility who have a wish to conceive. Besides lifestyle modi-
fications (in case of overweight), such as increasing the physical activity and decreasing 
the caloric intake,21,22 there are a few pharmacological treatment options. For years, the 
first choice of pharmacological treatment is ovulation induction with clomiphene citra-
te (CC), which has an anti-estrogenic effect.23 Recently, a large randomised controlled 
trial was published which demonstrated higher ovulation and live birth rates after the 
use of letrozole in women with PCOS, however this cohort consisted mainly of very 
overweight women with PCOS.24 In case of CC resistance or failure, follicle-stimula-
ting hormone (FSH) is the next treatment option.23 A former problem in the ovulation 
induction treatment of women with PCOS was the high incidence of multiple preg-

Table I.  four different PCOS phenotypes according to different diagnostic criteria 

Phenotype NIH 1990 Rotterdam 2003 AES 2006

A
Oligo- or anovulation
Polycystic ovaries
Hyperandrogenism

x x x

B Oligo- or anovulation
Polycystic ovaries x

C Oligo- or anovulation
Hyperandrogenism x x x

D Polycystic ovaries
Hyperandrogenism x x

 
Legend: NIH, National Institute of Health; AES, Androgen Excess Society

(e.g. EGFR, FSHB), which suggest that gonadotrophins and epidermal growth factor 
receptors could play a role in the aetiology of PCOS.11,12 The presence of PCOS in fe-
male relatives of women with PCOS is suggested to be around 20-40%,13–15 whereas the 
inheritability in male relatives is unknown, because the male phenotype has not been 
defined yet.16,17 Furthermore, there seems to a genetic base for associated features such 
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nancies due to conventional stimulation doses, although this problem had been mainly 
overcome by current low-dose treatment regimens and intensive monitoring.23,25 Re-
cently, it is demonstrated that a singleton live birth rate of around 80% is achieved in 
women with PCOS who are treated with ovulation induction (CC or FSH).26,27 When a 
pregnancy is not achieved with abovementioned options, other treatment options are 
laparoscopic ovarian drilling and/or in vitro fertilisation (IVF).  

Polycystic ovary syndrome and pregnancy 
During pregnancy, the risk of developing maternal, neonatal and obstetric complica-
tions is evidently increased (Figure 1). Much research has been performed in women 
with PCOS regarding pregnancy complications, which is mostly summarized in three 
meta-analyses.28–30 Women with PCOS have a fourfold increased risk of pregnan-
cy-induced hypertension (PIH) and a threefold increased risk of gestational diabe-
tes (GDM) and preeclampsia. Moreover, the infants of these women have a threefold 
increased risk of being small for gestational age (SGA), a twofold increased risk of 
being delivered prematurely and a 1.5 fold increased risk of being large for gestational 
age (LGA).28–30 The pathophysiology behind the high risk of pregnancy complicati-
ons is not yet cleared, but it is suggested to be associated with some features that are 
associated with PCOS, including obesity, insulin resistance, hyperandrogenism, me-
thod of conception and placental dysfunction.31–35 The published studies in pregnancy 
complications in women with PCOS are mostly retrospective, or (when prospectively 
conducted) of limited sample size and included women with PCOS during pregnancy 
(instead of prior to conception). Moreover, these studies mainly did not focus on the 
implications of the complications on maternal and/or child health, nor gave advices 
regarding clinical practice. 

Polycystic ovary syndrome: Impact on child health
Currently, the research focus in women with PCOS has more and more changed to-
wards child health. It is thought that the health of children from women with PCOS 
could be affected due to genetic and environmental factors in utero.10,36 As mentio-
ned before, despite the high number of genetic studies which have been performed, 
the mode of inheritance has not yet been cleared. First-degree relatives of women 
with PCOS are demonstrated to be at increased risk of having PCOS, endocrine (hy-
perandrogenism) and metabolic features (insulin resistance and dyslipidaemia).37,38 
One of the causes could be the intra-uterine environment in women with PCOS, which 
could be disturbed by pregnancy complications, by placental abnormalities or by other 
metabolic features which are associated with PCOS (insulin resistance, obesity, dysli-
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pidaemia) (Figure1).2 For example, in Rhesus monkeys and sheep, prenatal exposure 
to high levels of androgens in utero are demonstrated to result in growth retardation, 
PCOS-like phenotypes (females) and high incidences of insulin resistance or decreased 
insulin sensitivity in their offspring (males and females), probably due to alterations in 
epigenetics.39–42 This mechanism could play an important role in the health of offspring 
from women with PCOS, since lifetime health per se is related to intra-uterine environ-
ment.43,44 

Studies in daughters of women with PCOS demonstrated that pre- and peripubertal 
daughters have often polycystic ovarian morphology, increased ovary volumes and 
hyperandrogenism.45,46 This could mean that these daughters are predisposed to have 
PCOS. Other studies focus on metabolic consequences in offspring of women with 
PCOS. Offspring from women with PCOS have an increased risk of being small for 
gestational age (see paragraph “Polycystic ovary syndrome and pregnancy”). Conse-
quently, intrauterine growth retardation is suggested to be associated with obesity, hy-
pertension, type 2 diabetes, cardiovascular diseases. Furthermore, inheritable co-mor-
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Figure I. Time line polycystic ovary syndrome and its co-morbidities

Legend: the overall course of polycystic ovary syndrome and its co-morbidities from early in life (left side) until 
later in life (right side)
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bidities such as hyperinsulinaemia 47 are demonstrated to be, like insulin resistance, 
more present in children of women with PCOS compared with controls.17,48,49 Both 
conditions are precursors for impaired glucose tolerance and type 2 diabetes.50,51 Mo-
reover, insulin resistance is suggested to be an early marker for endothelial dysfuncti-
on, which eventually could result in atherosclerosis.52,53 Despite the findings in children 
with PCOS, which suggest that these children are possibly at risk for cardiovascular 
health consequences, only one study has been performed in order to assess cardiovas-
cular health. Eumenorrheic, non-hirsute daughters (with PCO) of women with PCOS 
are suggested to have a significantly increased blood pressure and a decreased flow-me-
diated dilatation compared with age and BMI matched female controls.54 Other papers 
in this research area focus on reproductive features, metabolic consequences and on 
growth and development in children of women with PCOS mainly in the (pre) puber-
tal phase or older.17,46,48,55–57 
   

Aims and outline of this thesis
Although much research has been performed in PCOS, still some key features remain 
to be disclosed; i.e. more insight in the pathophysiology of this heterogeneous condi-
tion, along with its implications during various stages of life. This thesis focusses on 
women with PCOS during the phase before conception, during pregnancy, and on the 
health of their offspring. 

The general aims of this thesis are:
1) To relate preconception characteristics in women with PCOS to the development of 
complications during pregnancy.

2) To demonstrate if women with PCOS with different PCOS phenotypes are at in-
creased risk of complications during pregnancy compared with a reference group.

3) To compare cardiovascular and metabolic health of young offspring of women with 
PCOS compared with a reference group. 

In chapter 2, a comprehensive review discusses different aspects (pathophysiology, 
child health) regarding pregnancy complications in women with PCOS. A preconcep-
tion prediction model for the development of gestational diabetes (GDM) in women 
with PCOS is demonstrated in chapter 3. Based on characteristics before conception, 
women who have an evidently increased risk of GDM are identified in order to prevent 
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them from serious adverse consequences.  

The incidences of pregnancy complications in singleton pregnancies in a group of wom-
en with PCOS, both as a whole and subdivided in hyperandrogenic and normoandro-
genic phenotype, were compared with singleton, spontaneously conceived pregnancies 
in a population-based reference group in chapter 4. Chapter 5 describes the course of 
insulin, glucose, homeostasis model assessment of insulin resistance (HOMA-IR), sex 
hormone-binding globulin (SHBG) and testosterone levels from prior to conception 
until the second trimester of pregnancy in women with PCOS who develop gestational 
diabetes compared with women who do not. In chapter 6, macroscopic and micro-
scopic placental characteristics from a group of women with PCOS, as a whole and 
subdivided in groups based on maternal complications (without complications, GDM, 
or PIH/PE), were compared with a reference group of women from the general popu-
lation with low-risk pregnancies. 

Chapter 7 compares the cardiovascular health of children from women with PCOS in 
two age categories, compared with children from a population-based reference group. 

The results of this thesis are summarized and discussed in chapter 8. 
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Chapter 2

Pregnancy complications in women with 
polycystic ovary syndrome



Background 
The great majority of studies performed so far concerning women diagnosed with 
polycystic ovary syndrome (PCOS) have focused on diagnosis, menstrual cycle ab-
normalities, hirsutism and infertility. Although progress has been made in developing 
methods for achieving a pregnancy and reducing multiple gestation in women with 
PCOS, little attention has been paid to pregnancy complications and subsequent child 
outcomes. This review aims to summarize current knowledge regarding the clinical 
and pathophysiological features of pregnancy and children in women with PCOS.

Methods
A literature search up to April 2015 was performed in PubMed, Medline, the Cochrane 
Library and Web of Science without language restriction.
All articles were initially screened for title and abstract and full texts of eligible articles 
were subsequently screened. Systematic reviews with meta-analysis were initially inclu-
ded for each specific subject. Recent RCTs, which were not included in the systematic 
reviews, were also included. In addition to evidence from meta-analyses or RCTs, we 
used non-randomised prospective, uncontrolled prospective, retrospective and expe-
rimental studies. When specific data for patients with PCOS were lacking, results from 
general population studies were reported.
 

Results
Women with PCOS exhibit significantly increased risk of pregnancy complications 
compared to controls. Data which were not adjusted for BMI or other confounders 
demonstrated in PCOS a three to four-fold increased risk of pregnancy-induced hy-
pertension and pre-eclampsia, a three-fold increased risk of gestational diabetes and 
two-fold higher chance for premature delivery. Features characteristic of PCOS, such as 
hyperandrogenism, obesity, insulin resistance and metabolic abnormalities, may con-
tribute to the increased risk of obstetric and neonatal complications. Limited availa-
ble data suggest that offspring of women with PCOS have an increased risk for future 
metabolic and reproductive dysfunction. Underlying pathophysiological mechanisms 
of pregnancy complications along with its association with health of offspring remain 
uncertain. To date, the strategies for prevention and management of pregnancy com-
plications in women with PCOS, and whether long-term health of these women is in-
fluenced, and to what extent, by pregnancy and/or pregnancy complications, remain 
to be elucidated.
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Conclusions
Women with PCOS show an increased risk of pregnancy complications. Heterogeneous 
etiological factors involved in PCOS and associated co-morbidities may all be involved 
in compromised pregnancy and child outcomes. In women with PCOS, a possible rela-
tionship with genetic, environmental, clinical and biochemical factors involved in this 
complex condition, as well as with pregnancy complications and long-term health for 
both mother and child, remains to be established.
 

Introduction 

Polycystic ovary syndrome (PCOS) is a heterogeneous condition characterized by hy-
perandrogenism, ovarian dysfunction, and polycystic ovarian morphology (PCOM). 
PCOS is more than just a reproductive disorder, and is currently considered a syn-
drome with metabolic consequences that could affect women’s health during different 
stages of reproductive and postreproductive life.1,2 
The economic impact of PCOS is enormous. For example, the costs for the USA health-
care system to identify and manage PCOS are approximately 4 billion dollars yearly, 
excluding the treatment of the serious conditions associated with PCOS, such as infer-
tility, type 2 diabetes mellitus, and cardiovascular disease.3 Over the years, the interest 
in reproductive health, cosmetics, and the psychological and long-term health conse-
quences of PCOS has increased.
Several data were published concerning maternal, neonatal and obstetric complica-
tions in women with PCOS. Three meta-analyses demonstrated an increased risk of 
pregnancy complication in women with PCOS. Moreover, these results were not adjus-
ted for BMI or other confounders, and were obtained after data synthesis from studies, 
largely retrospective or prospective, with relatively small sample sizes. Currently, more 
attention is paid to long-term implications of PCOS on maternal health in later life 
and the health of the offspring.4,5 Notwithstanding this amount of published data, only 
a single consensus document discussed the effect of PCOS on pregnancy concluding 
that women with PCOS may be at increased risk for adverse pregnancy and neonatal 
outcomes.6 It was highlighted that the obstetric risk may be exacerbated by obesity and/
or insulin resistance (IR) and a closer follow-up should be provided during pregnancy.6 
An important issue in studying pregnancy complications in women with PCOS is the 
definition of the specific diagnostic features of PCOS, since the distinct variability in 
hormonal and metabolic abnormalities among various PCOS phenotypes could signi-
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ficantly influence the obstetric and neonatal outcomes observed.6,7 The effect of obesi-
ty and/or IR and/or metabolic/hormonal abnormalities, which appear to vary across 
PCOS phenotypes, could play a crucial role.8 Although maternal factors can play an 
independent role in infertile patients (not selected for PCOS),9 the time-to-pregnan-
cy,10 the wide use of fertility drugs and treatments,11,12 and the potential higher rate 
of multiple pregnancies in infertile patients are related to an increased relative risk of 
pregnancy complications.13 Although these data were obtained on infertile populati-
ons not selected for PCOS, the findings can be translated into infertile women with 
PCOS increasing the absolute risk of pregnancy complications up to clinically signifi-
cant threshold.In line with these considerations, the current comprehensive review was 
aimed at summarizing the current knowledge regarding pregnancy complications in 
women with PCOS and its potential pathophysiology.

Methods

For this review, an extensive literature search was performed in PubMed, Medline, 
the Cochrane Library, and Web of Science. Literature available up to April 2015 was 
included. The following keywords were used for the search, alone or in combinati-
on: polycystic ovary syndrome, polycystic ovary disease, polycystic ovaries, polycystic 
ovarian morphology, PCOS, PCOD, PCO, PCOM, oligoovulation, anovulation, oligo-
menorrhoea, amenorrhoea, hyperandrogenism, hirsutism, phenotypes, obesity, insu-
lin resistance, weight gain, infertility, sterility, diabetes mellitus, gestational diabetes, 
preeclampsia, pregnancy-induced hypertension, offspring, maternal health, neonatal 
health, perinatal health, child health, pregnancy, delivery, labour, placenta, trophoblast, 
caesarean section, pregnancy complications, obstetric complications, neonatal compli-
cations, perinatal complications, mortality, morbidity, systematic review, meta-analy-
sis, randomised controlled trials, RCT. Additional journal articles were identified from 
the bibliography of the studies included.
All articles were initially screened for title and abstract without language restriction. 
Full texts of eligible articles were subsequently screened. Systematic reviews with me-
ta-analysis were initially included for each specific subject. Recent published RCTs, 
which were not included in the systematic reviews, were also included. Besides eviden-
ce from meta-analyses or RCTs, we also used non-randomised prospective, uncontrol-
led prospective, retrospective and experimental studies. When specific data for PCOS 
patients were lacking, results from general population studies were reported.
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Pregnancy complications in women with PCOS

Many studies have been performed comparing pregnancy outcomes in women with 
PCOS versus controls. Almost all retrospective and prospective studies concerning 
maternal, neonatal and birth complications have been summarized in three systematic 
reviews with meta-analyses.14–16 The first meta-analysis, published in 2006, analysed 15 
studies with a total of 720 women with PCOS and 4,505 controls.14 An additional me-
ta-analysis, published in 2011, included the same studies and added eight more recently 
published studies with a total of 2,544 women with PCOS and 89,848 controls.15 The 
most recent meta-analysis, published in 2013, added another four studies for a total of 
27 studies involving 4,982 women with PCOS and 119,692 controls.16 Table 1 shows the 
odds ratios (ORs) with 95% confidence intervals (CI) of the three available meta-ana-
lyses for the most important pregnancy complications.14–16 

Multiple pregnancy
Multiple pregnancies are the most important cause of the increased perinatal morbi-
dity observed following fertility treatments, with special regard to women with PCOS 
affected by anovulatory infertility.13 Most of the risk of pregnancy complications is due 
to the preterm delivery rates of multiple births. However, multiple pregnancies are also 
related to many other obstetric and neonatal complications.13

The higher incidence of multiple pregnancy in PCOS might underlie the poorer outco-
mes observed. Twin pregnancies have a tenfold increased risk of small for gestational 
age (SGA) newborns, and a sixfold increased risk of premature delivery.17,18 The rates of 
perinatal mortality and admission to a neonatal intensive care unit (NICU) are about 
six and three times higher in twin pregnancies, respectively, compared to singletons.17 
However, one meta-analysis showed no difference in multiple pregnancy rates between 
women with PCOS and controls, but comparison of outcomes from multiple pregnan-
cies in women PCOS with controls was not possible because of the lack of stratification 
in the studies included.14 
Recently, a population-based cohort study on 20,965 twin pregnancies showed that wo-
men with a previous diagnosis of PCOS had a higher risk of infants delivered preterm 
[risk ratio (RR) 1.96, 95%CI 1.05 to 1.36], very preterm (RR 1.82, 95%CI 1.30 to 2.53) 
and with low birthweight (RR 1.39, 95%CI 1.10 to 1.76).19 However, after adjusting for 
BMI and gestational age, the differences were no longer statistically significant.19
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Miscarriage
It is still debated whether women with PCOS have an increased risk of miscarriage 
compared to women without a fertility disorder. According to the PCOS consensus of 
2012, miscarriage rates are suggested to be comparable, although available data show 
conflicting results.6 A meta-analysis of studies concerning women with and without 
PCOS undergoing IVF demonstrated no difference in miscarriage rates (OR 0.9, 
95%CI 0.5 to 1.8).20 None of the nine studies included in this meta-analysis showed any 
difference in miscarriage rate. Recently, a large Australian study demonstrated that the 
miscarriage rate was more frequent in women with PCOS than in controls (20% versus 
15% respectively P = 0.003), although PCOS was not an independent risk factor for 
pregnancy loss but the miscarriage rate was strongly influenced by BMI.21 

Pregnancy-induced hypertension and pre-eclampsia
All three meta-analyses reported a three to four times increased risk of pregnancy-in-
duced hypertension (PIH) in women with PCOS (Table 1).14–16 The majority of the stu-
dies included had a retrospective design, but no significant effect between outcome and 
study type (retrospective versus prospective) could be detected by meta-regression.16 
Women with PCOS also present a three- to fourfold increased risk of developing pree-
clampsia (PE) during pregnancy.14–16 Similarly to PIH, many studies were retrospective, 
but no significant influence of study design on the results was found.16 In addition, all 
studies reporting on the incidence of PE described confounders, such as differences 
in parity, BMI and multiple pregnancies. Therefore, no sub-analysis for high-quality 
studies was performed.14 However, one Swedish population-based cohort study com-
pared 3,787 women with PCOS to 1,191,336 women without PCOS, and a significantly 
increased incidence of PE (OR 1.45, 95%CI 1.24 to 1.69) was found after adjusting for 
BMI and use of assisted reproductive technologies (ART).22 
More recently, two further studies on PIH and PE among women with PCOS were pu-
blished.23,24 In the first study, a significantly increased risk of PE (OR 3.18, 95%CI 2.18 
to 4.62) was observed in women with PCOS, however this effect faded (OR 1.69, 95%CI 
0.99 to 2.88) when adjusted for BMI and parity.23 However, when data were analysed for 
hyperandrogenic women with PCOS only, a significantly (OR 2.41, 95%CI 1.26 to 4.58) 
increased risk of PE was found.23 The second study was a case-control study showing 
a significantly increased risk of PIH and PE in a heterogeneous population of women 
with and without PCOS (12.7% and 8% versus 5.3% and 2%, respectively).24,25
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Gestational diabetes mellitus
Gestational diabetes mellitus (GDM) is the most commonly described pregnancy com-
plication in women with PCOS. Its early diagnosis is crucial and its careful treatment 
significantly reduces the incidence of related maternal and neonatal complications.26 
The risk of GDM is about three times higher in women with PCOS.14–16 A multicenter 
RCT, aimed at assessing the efficacy of metformin in reducing pregnancy complicati-
ons in 274 pregnancies of women with PCOS, showed an incidence of GDM of 17.6% 
and 16.9% in the metformin and placebo group, respectively.27 In the large Swedish 
study, GDM was more than twofold higher in pregnant women with PCOS (OR 2.32, 
95%CI 1.88 to 2.88), also after adjusting data for confounders.22 More recently, in a lar-
ge community-based cohort of reproductive-aged women, PCOS was independently 
associated with an increased risk of GDM (OR 2.1, 95%CI 1.1 to 3.9) after adjusting 
for age, BMI, hypertension, smoking and demographic factors.28 A recent prospective 
study showed an incidence of GDM about three times higher in PCOS patients than in 
controls (14.7% versus 5.3%, respectively).24,25 Finally, a large prospective cohort study 
demonstrated an even higher incidence of GDM (two or more plasma glucose levels 
exceeding the following cut-off points after a 100-g glucose load: fasting glucose ≥5.3 
mmol/l, 1h glucose ≥10.0 mmol/l, 2h glucose ≥8.6 mmol/l and 3h glucose ≥ 7.8 mmol/l 
of up to 22% in 189 women with PCOS.29,30 However, the data were not compared with 
a control group of women without PCOS. 

Table I. Main data synthesis from three published meta-analyses on pregnancy complications in women with 
polycystic ovary syndrome (PCOS). 

Outcome Boomsma et al. 2006 Kjerulff et al. 2011 Qin et al. 2013
Maternal
PIH 3.67 (1.98-6.81) 4.07 (2.75-6.02) 3.07 (1.82-5.18)

PE 3.47 (1.95-6.17) 4.23 (2.77-6.46) 3.28 (2.06-5.22)

GDM 2.94 (1.70-5.08) 2.82 (1.94-4.11) 2.81 (1.99-3.98)

Preterm delivery 1.75 (1.16-2.62) 2.20 (1.59-3.04) 1.34 (0.56-3.23)

Neonatal
SGA 1.16 (0.31-5.12) 2.62 (1.35-5.10) -

LGA - 1.56 (0.92-2.64) -

Macrosomia 1.13 (0.73-1.75) - -

Legend: Data are odds ratios (95% confidence intervals). GMD, gestational diabetes mellitus; LGA, large for 
gestational age; PE, pre-eclampsia; PIH, pregnancy-induced hypertesion; SGA, small for gestational age;
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Other maternal complications
Data on the risk of delivery by ceasarian section in women with PCOS are controversi-
al. One meta-analysis reported a significantly higher caesarean delivery risk (OR 1.56, 
95%CI 1.20 to 2.02),14 whereas the other two meta-analyses demonstrated no signifi-
cant influence of PCOS on the risk of a caesarean section.15,16 The risk of assisted vagi-
nal delivery was not higher in women with PCOS.14,15

Fetal/neonatal outcomes
Data regarding the increased incidence of adverse fetal outcomes in women with PCOS 
are inconclusive. Two meta-analyses demonstrated that women with PCOS have a two-
fold increased risk of preterm delivery,14,15 in contrast to the most recent meta-analysis 
which demonstrated no effect (Table 1).16 No distinction has been made between in-
duced or spontaneous preterm delivery. Therefore, it is not known whether preterm 
delivery was, for example, due to induction of labour because of placental insufficiency 
or for other reasons.
In a large cohort study, infants born to mothers with PCOS were more frequently deli-
vered prematurely (OR 2.21, 95%CI 1.69 to 2.90) and had an increased risk of meconi-
um aspiration (OR 2.02, 95%CI 1.13 to 3.61).22 Another recent cohort study confirmed 
an increased risk of preterm delivery (OR 2.28, 95%CI 1.51 to 3.45).23 This increased 
risk was confined to hyperandrogenic women with PCOS (OR 2.78, 95%CI 1.62 to 
4.77) since normoandrogenic women did not show an increased risk (OR 1.35, 95%CI 
0.54 to 3.39).
The meta-analysis published in 2006 found no difference in risk for SGA neonates,14 
whereas a later meta-analysis found an almost twofold increased risk of SGA.15 These 
results were supported by a recent case-control study, which found a twofold increased 
risk for SGA infants in non-obese infertile women with PCOS who underwent ART 
compared to neonates of control patients with a tubal infertility factor (20.2% versus 
11.5%, respectively).31 In contrast, another recent study showed no difference between 
women with PCOS and controls regarding the risk of SGA.23 Only one meta-analysis 
reported incidences of large for gestational age (LGA) neonates and found no differen-
ce for this particular outcome between women with and without PCOS.15 However, one 
population-based study demonstrated that neonates of patients with PCOS (compared 
with neonates of control patients with tubal factor) were more frequently LGA (OR 
1.39, 95%CI 1.19 to 1.62).22 Obesity was a confounding factor. In fact, obese cases had a 
significantly increased incidence of LGA compared to obese controls (21.1% versus 0%, 
respectively), whereas the incidence of LGA in non-obese cases was not significantly 
different from non-obese controls (2.2% versus 4%, respectively.31 Instead of LGA, one 
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meta-analysis reported incidences of macrosomia, which turned out to be similar in 
women with and without PCOS.14 These findings are unexpected since, after correction 
for confounders, there was a significantly increased risk of GDM among women with 
PCOS, which is evidently related to the delivery of a LGA or macrosomic neonate.32

Recently, differences in fetal outcomes between women with and without PCOS have 
been observed only regarding fetal growth.24 Specifically, the rate of normal for gesta-
tional age (NGA) neonates was significantly lower in PCOS compared to non-PCOS 
women (68.3% versus 87.3%, respectively, P = 0.001), whereas the incidence of SGA 
(15.9% versus 6.3%, respectively, P = 0.021) and LGA (12.7% versus 4.9%, respectively, 
P = 0.041) was significantly higher.24 
Neonates born to women with PCOS had a twofold increased risk for admission to 
the NICU.14–16 An Apgar score lower than seven at 5 minutes was more frequent in ne-
onates born to women with PCOS (OR 1.41, 95%CI 1.09 to 1.83).22 Moreover, perinatal 
mortality was evidently higher in women with PCOS (OR 3.07, 95%CI 1.03 to 9.21).14

Offspring health
An overview of all studies concerning the offspring of women with PCOS is shown 
in Table 2. In general, children born to mothers with PCOS are considered to be at 
increased risk of developing endocrine and cardiovascular dysfunction.33,34 Increased 
cardio-metabolic risk in offspring of women with PCOS is thought to be due to both 
genetic and environmental factors, starting within the intrauterine environment. Ac-
cording to the Barker-hypothesis, lifetime health can be strongly related to the intrau-
terine environment; i.e. being born to a mother who has suffered pregnancy complica-
tions may increase the risk of metabolic abnormalities, such as obesity and early IR, in 
PCOS offspring.34–37 
Women with PCOS are considered to have a reduced breastfeeding rate.38 This could 
be a further risk factor for their offspring, since two systematic reviews demonstrated 
that children in a non-PCOS population who were not breastfed had a higher blood 
pressure and dyslipidaemia in adult life compared to children who were breastfed.39,40 
In addition, maternal obesity, as observed in women with PCOS, is causally related to 
a long-term increase in offspring adiposity.41 Moreover, offspring of women with PCOS 
may be at increased risk of cardiovascular diseases later in life because, in response to 
genetic and environmental risk factors, endothelial dysfunction can develop as early 
as the first decade of life.42 A higher systolic blood pressure has been demonstrated 
in offspring of mothers who developed GDM.43 During adolescence of non-PCOS 
offspring, GDM seems to increase the systolic blood pressure, the cardiac output and 
the stroke volume, while it decreases the rise in total peripheral resistance compared to 
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Table II. Summary of studies performed in children of women with PCOS 

Study Cases (n) Controls (n) Age (years) Outcomes Conclusion

Daughters Daughters Cases versus 
controls

Battaglia et 
al., 2002a,b 

15 10 7.6 ± 0.6 versus 
6.9 ± 0.6^

PCO, endocrine 
profile, bone age

PCOS daughters have an incre-
ased risk of PCO, which could 
be a sign of genetic predispo-
sition

Crisosto et 
al., 
2007

28 33 11.4 ± 2.5 versus 
11.5 ± 2.2#

AMH Peripubertal PCOS daughters 
have an increased AMH

Sir-Peter-
mann et al., 
2007

75 49 6.0 [4.0 - 9.0] ver-
sus 6.0 [4.0 - 9.0] ç

Metabolic and 
endocrine profile

Prepubertal PCOS daughters 
have lower levels of adiponec-
tin, higher levels of insulin after 
stimulation. Pubertal PCOS 
daughters have higher levels 
of testosterone, triglycerides, 
insulin after stimulation, and 
lower levels of SHBG

12.5 [10.0 - 16.0] 
versus 12.4 [10.0 - 
17.0] ç

Sir-Peter-
mann et al., 
2009

99 84 Average age 7 to 
15 years

Ovarian volume, 
insulin resistance, 
metabolic and en-
docrine profile

PCOS daughters have insulin 
resistance and increased ova-
rian volume in prepuberty and 
puberty, and biochemical ab-
normalities in late puberty

Battaglia et 
al., 2009

17* 20 24.2 ± 3.7 versus  
26.3 ± 4.3#

Hormonal and 
biochemical pro-
file, ovarian blood 
flow, arterial stiff-
ness, insulin re-
sistance

Daughters of women with 
PCOS have an increased risk of 
cardiovascular diseases, due to 
a significantly increased blood 
pressure, arterial stiffness, and 
glucose and insulin levels

Maliqueo et 
al., 2009

98 51 5.7 [3.9 - 7.6] ver-
sus 5.9 [4.0 - 7.6] ç               
10.6 [8.2 - 13.0] 
versus 10.6 [8.7 - 
12.9] ç

Adrenal function, 
bone age

Increased serum DHEAS, exa-
cerbated adrenarche, advance 
in bone age in PCOS daughters

Maliqueo et 
al., 2012

92 76 8.7 ± 0.3 versus 
12.8 ± 0.3^

Endocrine and 
metabolic profile

PCOS daughters have a higher 
level of adiponectin during the 
prepubertal period, which may 
be associated with metabolic 
and reproductive abnormalities
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Study Cases (n) Controls (n) Age (years) Outcomes Conclusion

Daughters 
and sons

Daughters 
and sons

Cases versus 
controls

Kent et al., 
2008

17 and 15 21 and 17 Female 9.1 ± 3.4 
versus 9.5 ± 3.0#                     
Male 9.7 ± 3.4 
versus 8.8 ± 3.0#

Reproductive and 
metabolic profile

Lower LH levels in PCOS 
daughters, midpubertal higher 
urinary testosterone in PCOS 
sons

Palomba et 
al., 2012a

13 and 17 24 and 21 Female 6.5 ± 1.9 
versus 6.7 ± 1.8#              
Male 7.2 ± 1.8 
versus 6.8 ± 1.7#

PDD Daughters of hyperandrogenic 
PCOS women have a higher 
risk of PDD

Anderson et 
al., 2010

25 and 14 18 and 13 Neonates Birthweight, en-
docrine profile in 
cord blood

No significant difference in 
birthweight. Estrogens and 
androstenedione were lower in 
offspring of PCOS women

Boutzios et 
al., 2013

19 and 22 52 and 58° Neonates Anthropometric, 
metabolic, and 
endocrine profile, 
oxidative stress

PCOS neonates have a similar 
metabolic, hormonal, and oxi-
dative stress status as neonates 
of mother with GDM. Mothers 
and neonates have the same 
level of hyperandrogenism, 
hyperinsulinism, and oxidative 
stress 

Daughters Daughters 
and sons

Cases versus 
controls

Barry et al., 
2010

10 20 and 10 Neonates Fetal (intra-uteri-
ne) environment

PCOS daughters are exposed 
to intra-uterine hyperandroge-
nism

Legend: *Eumenorrheic, normal weight, non-hirsute daughters of women with PCOS. °The control group consisted of 54 
women who developed gestational diabetes mellitus (GDM) during pregnancy and 56 healthy normo-ovulatory women. 
^ mean ± standard error. # mean ± standard deviation. ç median and range. AMH, anti-Mullerian hormone; DHEAS, 
dehydroepiandrostenedione sulphate; ; PCOM, polycystic ovary morphology; PDD, pervasive developmental disorders.

Table II continued. Summary of studies performed in children of women with PCOS

controls during stress.44 Thus, it is reasonable to suppose that the increased incidence 
of GDM observed in women with PCOS could influence negatively the cardiovascular 
risk factors of their offspring.
Research interest gradually shifted towards the follow-up of children (especially girls) 
born to women with PCOS. Studies performed so far usually started with children, 
sometimes comparing outcomes with retrospective data regarding pregnancy and mo-
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ther. Daughters of women with PCOS show some features of PCOS before and du-
ring puberty.36,37 Dehydroepiandrostenedione sulphate concentrations are increased in 
daughters of women with PCOS during the onset of puberty and around 30% have an 
exacerbated adrenarche.45 Girls with amplified adrenarche associated with precocious 
pubarche were found to be at higher risk for ovarian hyperandrogenism in adolescen-
ce.46,47 This association was linked to prepubertal, pubertal, and postpubertal hyperin-
sulinaemia.48 Early metformin treatment was reported to prevent or delay the develop-
ment of hirsutism, androgen excess, oligomenorrhoea, and PCOS more effectively than 
late metformin.49

Little is known about the androgenic status of daughters of women with PCOS. One 
study observed increased testosterone levels during puberty in daughters of women 
with PCOS.50 In PCOS daughters, hyperinsulinaemia and an increased ovarian volume 
are present before the onset of puberty and this persists during puberty.45 A significant 
association was found between reduced fetal growth, infantile catch-up in weight, pre-
cocious pubarche, and hyperinsulinaemic hyperandrogenism in adolescence in daugh-
ters of women who were not selected for PCOS.51 In particular, reduced fetal growth 
with infantile catch-up growth is suggested to be a pathway to PCOS.47 A modest ad-
vance in bone age has been observed as well in pubertal daughters of women with 
PCOS, possibly secondary to the hyperinsulinaemia or adrenal hyperandrogenism.45

Moreover, in a highly selected PCOS population, daughters of women with PCOS seem 
to have an increased risk of autism spectrum disorders, which is probably due to an 
unbalanced prenatal exposure to high testosterone levels.52 Considering the early onset 
and the nature of the alterations, daughters of women with PCOS are a high-risk group 
for metabolic and reproductive disorders.37,53

Pre-pregnancy overweight in women with PCOS influences negatively the prevalen-
ce of preterm birth and the birthweight of the singleton newborn, as demonstrated 
by a recent retrospective analysis comparing overweight and normal-weight pregnant 
women with PCOS.54 On the other hand, as previously reported, the body weight of 
women with PCOS increases significantly more during pregnancy compared to healthy 
controls.24,55 In addition, and considering the prevalence of overweight and obesity in 
PCOS, many women with PCOS can either become obese or their obesity may worsen 
severely during and after pregnancy.
In this regard, excessive gestational weight gain has been associated with increased 
odds of childhood overweight/obesity, independent of several potential confounders 
(including PCOS) and mediators. Its impact seemed greater among normal-weight wo-
men, suggesting that the effect may be independent of genetic predictors of obesity.56 
The timing of excessive gestational weight gain should also be taken into account as an 
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important factor influencing offspring health.57 Maternal obesity was closely related to 
an excess of all-cause mortality and to an increased hospital admission for cardiovas-
cular events in their adult offspring.58 The findings above were obtained in populations 
that were not selected for PCOS.56–58

Initial data on metformin administration in pregnant women with PCOS demonstra-
ted a lesser weight gain during pregnancy when compared to controls who received 
placebo, suggesting a potential role of the PCOS-related IR on gestational weight gain 
and of the metformin treatment on long-term complications in children.59

In conclusion, available data suggest that women with PCOS have a three- to fourfold 
increased risk of PIH/PE and a threefold increased risk of GDM. After adjusting for 
confounders, the risk of PIH/PE and GDM is 1.5 and 2 times higher, respectively, in 
women with PCOS compared to women without PCOS. Data on miscarriages, preterm 
delivery and neonatal health are too few, contrasting, and/or heterogeneous to be con-
sidered conclusive. At the moment, the impact of being born to a mother with PCOS 
on long-term child health is still unclear. However, risk factors for adverse child health, 
including excess preconception maternal weight, excess gestational weight gain and 
GDM suggest child health may be adversely effected in PCOS.

Pathophysiologic considerations regarding PCOS preg-
nancy complications

The increased incidence of pregnancy complications in women with PCOS can be the 
result of several coinciding factors. As detailed below, the features of PCOS, as well as 
other clinical and biochemical characteristics frequently associated with the syndrome, 
have also been related to obstetric/neonatal complications. These factors can, indepen-
dently or in concert, play a role in the pathophysiology of adverse pregnancy outcomes 
in women with PCOS (Figure 1).

Relevance of the heterogeneous PCOS features
Clinical and/or biochemical hyperandrogenism, ovarian dysfunction with related oli-
go-amenorrhoea and PCOM are the three main criteria for the diagnosis of PCOS.60,61

Hyperandrogenism might influence the risk of pregnancy complications, as shown 
from clinical data on the most frequent causes of the hyperandrogenic state during 
pregnancy (i.e. pregnancy luteoma and hyperreactio luteinalis).62,63 In pregnant wo-
men with PCOS, androgen levels are significantly higher compared to non-PCOS con-
trols and increase significantly throughout pregnancy.64,65 Although specific data on 
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androgen synthesis, pharmacodynamics and pharmacokinetics during pregnancy in 
women with PCOS are scarce, an abnormal steroidogenic function of the placenta in 
women with PCOS was demonstrated.63,66,67 Hyperandrogenic women with PCOS have 
a fourfold increased risk of adverse pregnancy outcomes compared to healthy con-
trols.7In PCOS, hyperandrogenism is closely related to the incidence and extension of 
microscopic alterations in early trophoblast invasion and placentation.68–70 Serum tes-
tosterone and sex hormone-binding globulin (SHBG) concentrations in women with 
hypertensive complications of pregnancy are significantly increased and decreased 
respectively,71–73 suggesting that free testosterone might mediate hemodynamic chan-
ges underlying the development of PE by inducing a state of sympathetic and vascular 
hyperactivity.74 High androgen levels could also affect neonatal weight, impairing the 
maternal energy homeostasis changes and the nutrient transport through the placenta 
and/or with a direct effect on fetal growth.65,75–77

The alterations in endovascular trophoblast invasion and placentation may be the result 
of a suboptimal implantation process due to the direct effect of androgens on the en-
dometrium and/or to a specific tissue susceptibility.78,79 However, androgens can exert 
an action after the first phases of pregnancy as well. In animal models, the excess of 
maternal androgens decreases placental size, affects the ability of the placenta to deliver 
nutrients to the fetus, alters placental steroidogenesis and leads to dysregulation of lipid 
metabolism in the adult female offspring.80 Finally, androgens can increase the inciden-
ce of adverse pregnancy outcomes by acting on cervical remodelling and myometrial 
function.63

Women with oligo- or anovulation have a fivefold increased risk of adverse pregnancy 
outcomes.7 Infertile women with ovulatory disorders have an increased risk (RR 1.52, 
95%CI 1.23 to 1.87) of GDM, as demonstrated by large cohort study on 40,773 preg-
nancies.81 In addition, the risk of having a significantly lower Apgar score at 5 minutes 
after delivery is two times higher among newborns of women with ovulatory dysfunc-
tion compared with newborns of non-PCOS controls.82 Moreover, women who con-
ceive without treatment after a long time-to-pregnancy period have an increased risk 
of preterm birth (OR 1.31, 95%CI 1.21 to 1.42).10 These findings remained significant 
after adjusting for relevant confounders using regression models.10 A recent document 
of the Society of Obstetricians and Gynaecologists of Canada underlines the increasing 
evidence that infertility/subfertility is an independent risk factor for obstetrical com-
plications and adverse perinatal outcomes, even without the addition of ART.18 The 
effect of PCOM, as a single feature, on adverse pregnancy outcome was not significant 
in pregnant women with PCOS.7
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PCOS-related infertility interventions
Although a proportion of women with PCOS may achieve pregnancy without interven-
tion, the great majority shows anovulatory infertility.83 The contribution of infertility 
per se and of the factors leading to infertility to the increased risk of pregnancy com-
plications is well defined.9,10 In fact, pregnancies achieved after a time-to-pregnancy of 
more than 12 months have more probability of ending prematurely and the children of-
ten present lower weight at birth than those born after a shorter time-to-pregnancy.10 In 
overweight or obese women with PCOS, a non-pharmacological intervention consis-
ting of a combination of hypocaloric diet, increased physical activity and individuali-
sed behavioural modification plan can be effective in losing weight and maintaining the 
weight loss. It could improve natural and/or artificial reproductive outcomes reducing 
pregnancy complications related to excess body weight (see below).84–86 A clinical RCT 
aimed at assessing the impact of lifestyle intervention in reducing the rate of infertile 
overweight and obese women who need fertility treatment and in improving the repro-
ductive outcomes is in progress.87 Ovulation induction is the first choice treatment in 
patients without obesity or in patients in whom a non-pharmacological approach has 
failed. Live birth is achieved in approximately 80% in women with PCOS undergoing 
treatment within 2 years.88 Although there is a lack of evidence-based data in this area, 
infertility treatments are considered to be potential confounders in the evaluation of 
pregnancy complications in PCOS, both because of its possible direct effects on treat-
ment-related multiple pregnancies and pregnancy.11,89 Of note, women who delivered 
singletons after ovulation induction had a risk of preterm delivery which was signifi-
cantly higher compared to women who conceived without ovulation induction within 
1 year (OR 1.45, 95%CI 1.21 to 1.74).11

The traditional first choice ovulation induction treatment in women with PCOS and 
anovulatory infertility is the anti-estrogen clomiphene citrate.90,91 This view, however, 
is challenged by a recent well-designed RCT suggesting higher live birth rates using 
the aromatase inhibitor letrozole.92 A low but significantly higher incidence of multiple 
pregnancies was observed in patients with PCOS treated with clomiphene citrate com-
pared with patients who received metformin or letrozole treatment.92,93 Recently, a 60% 
increased risk for SGA has been detected in women who conceived after clomiphene 
citrate ovulation induction followed by intrauterine insemination (IUI) compared with 
women who conceived after IUI in natural cycles (OR 1.6, 95%CI 1.2 to 2.4).12 Both 
clomiphene citrate and letrozole are considered teratogenic by the US Food and Drug 
Administration (FDA) and their use as ovulation inductors has been suggested to be 
associated with birth defects.94 Moreover, recent data demonstrated a very low inciden-
ce of congenital malformations and no different from those observed in women who 
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conceived naturally.92,95 More studies are needed to substantiate these findings.
Since intrinsic IR is a typical characteristic of women with PCOS,96 with a prevalence 
ranging from 75 to 95% according to BMI,97 a large amount of studies have been perfor-
med to investigate the effect of insulin sensitisers on ovulation induction, particularly 
the biguanide metformin.98 Currently, the use of metformin is not recommended as 
an infertility drug61,99 due to negative results of the largest RCT comparing metfor-
min to clomiphene citrate.93 However, its use is still common in clinical practice.100 A 
meta-analysis including PCOS patients with a BMI less than 32 kg/m2 demonstrated 
that clomiphene citrate did not result in better outcomes compared with metformin 
treatment.101 The miscarriage rate of women with PCOS who received metformin was 
statistically similar to that observed after clomiphene citrate administration.102 Metfor-
min addition to common fertility drugs did not improve the miscarriage rate102,103 and 
no clinically significant benefit on reproductive outcomes was demonstrated in PCOS 
patients when metformin was co-administered with gonadotrophin in IVF and non-
IVF cycles or during pregnancy.104–106 Although a well designed multicenter, randomi-
zed, double-blind, placebo-controlled trial confirmed no specific effect of metformin 
pretreatment and co-treatment in infertile women with PCOS who received standard 
treatment on miscarriage rate (15.2% versus 17.9%, for metformin and placebo arm, 
respectively; P = 0.080), metformin significantly improved the pregnancy (53.6 versus 
40.4%, for metformin and placebo arm, respectively; P = 0.006) and live-birth (41.9 
versus 28.8%, for metformin and placebo arm, respectively; P = 0.014) rates.107 Finally, a 
recent meta-analysis demonstrated no effect on major malformations (OR 0.86, 95%CI 
0.18 to 4.08) or any effect on fetal growth and perinatal outcome in women with PCOS 
who discontinued the treatment at the moment of diagnosing a pregnancy compared 
with women who were treated with metformin during the first trimester of pregnan-
cy.108 In conclusion, metformin should be considered as safe but scientific data are still 
scarce to recommend its use to improve reproductive/pregnancy outcomes in women 
with PCOS in clinical practice.109

Ovulation induction with gonadotrophins is indicated when clomiphene citrate re-
sistance or failure has occurred.90 No difference in any outcome among different go-
nadotrophins has been demonstrated.110 Miscarriage rates of 12.5% have been reported 
and the multiple pregnancy rate varied between 4 and 18%.111–113 Safety data of gonadot-
rophin administration on maternal and neonatal wellbeing were not specific for PCOS 
populations and considered all old pre-marketing studies.114 Laparoscopic ovarian dril-
ling is the third treatment choice, after clomiphene citrate and gonadotrophins, for wo-
men with anovulatory PCOS; the miscarriages rate was low (~4-9%), like the number 
of women who had a multiple pregnancy (less than 10%).115 IVF or ICSI are the last 
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procedures suggested for treating infertility in patients with PCOS.90 The reproductive 
outcomes of IVF in PCOS patients were not different from controls without PCOS.20 
However, the risk of GDM was increased in patients who received ART compared with 
those who did not receive ART (OR 1.28, 95%CI 1.20 to 1.37); that risk remained the 
same for mothers who had singletons (OR 1.26, 95%CI 1.18 to 1.36) but not for women 
who had twins (OR 1.18, 95%CI 0.94 to 1.48).116 No significant increased risk of birth 
defects was associated with IVF after adjustment for parental factors.117 Furthermore, 
an increased risk of birth defects associated with ICSI was observed, likely due to the 
assisted reproduction procedure itself or to the increased incidence of male factor.117,118 
In conclusion, because anovulatory infertility is associated with PCOS, the use of ovu-
lation inducers and ART could increase the absolute risk of pregnancy complications 
in PCOS populations. Furthermore, specific data about the effect of interventions for 
infertile patients with PCOS on obstetric and neonatal risk are limited. 

PCOS-related comorbidities
Obesity is the comorbidity most closely related to PCOS,119,120 which is more preva-
lent in the more severe PCOS phenotypes and aggravates the reproductive phenotype.8 
Thus, it is intuitive that a high proportion of women with PCOS will, independently of 
PCOS itself, experience the deleterious effects of overweight/obesity on maternal and 
fetal wellbeing.41,121–124 Obesity increases the general risk of miscarriage.125 Obese wo-
men with or without PCOS have an increased risk of maternal complications, such as 
thromboembolism126,127 and PIH/PE.128–130 Visceral obesity, a typical feature of women 
with PCOS,119 is associated with a two- and threefold increased risk of PIH and PE, 
respectively.128,130 Recent data suggest that the risk of PE in obese patients is correlated 
positively with body fat.131 When obesity and PCOS features are simultaneously pre-
sent, their effects on pregnancy may amplify the absolute risk. A meta-analysis demon-
strated that all studies in which PE was used as primary endpoint reported a higher 
BMI in women with PCOS versus controls.14

Obese women have an increased risk of assisted vaginal delivery and caesarean deli-
very, especially when combined with excessive gestational weight gain.132,133 A linear 
trend was observed between maternal BMI before conception and the risk for both 
elective and unplanned caesarean section.134,135

Obesity is an independent risk factor for the development of GDM and this risk is po-
sitively associated with BMI before conception.136,137 Among GDM patients, the risk of 
other maternal and fetal complications was higher in women with PCOS compared to 
women without PCOS.55 Clinical observations demonstrated higher gestational weight 
gain in women with PCOS than in BMI-matched non-PCOS controls suggesting that 
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the extension of weight gain can be an important cofactor for the increased adverse 
short and long-term effects of pregnancy on PCOS and vice versa.24,25 Of note, wo-
men with PCOS, especially when obese, have an increased incidence of symptoms of 
sleep-disordered breathing that are independent risk factors for pregnancy complica-
tions.61,138–140

Finally, fetuses of obese mothers have an increased risk of developing abnormalities 
such as neural tube defects, congenital heart defects and omphalocele.141,142Associations 
between maternal obesity and an increased risk of macrosomia or LGA, preterm deli-
very, stillbirth, admission to the NICU, and infant mortality have been demonstrated 
as well.123,124,135,143–146

IR with compensatory hyperinsulinaemia is probably one of the cornerstones in the 
pathogenesis of PCOS and in the development of short- and long-term complications 
related to PCOS.96 A disturbed insulin action is present already early in pregnancy in 
women with PCOS who develop GDM.147 However, IR is associated with and modu-
lated by total body fat and central fat mass.8 A normal pregnancy induces a state of 
hyperinsulinaemic IR in order to ensure constant metabolic supplies to the growing fe-
tus.148 However, women with PIH/PE had distinctly elevated insulin levels compared to 
women with an uncomplicated pregnancy,149 suggesting a crucial role of the abnormal 
hyperinsulinaemic IR in the development of hypertensive disorders in pregnancy.150–152 
The risk of spontaneous abortion was more than eightfold higher in insulin resistant 
versus non-insulin resistant women, whereas no difference was found in women with 
PCOS versus women without PCOS, suggesting that IR is an independent risk factor 
for miscarriage.153 Serum levels of insulin-like growth factor binding protein-1 and gly-
codelin, biochemical markers of IR, were lower and related to the extent of endovascu-
lar trophoblast invasion in pregnant women with PCOS.52 IR may influence the risk of 
miscarriage through several direct and indirect mechanisms of action.78,154–156

Increasing observations link metabolic abnormalities to an increased risk of pregnan-
cy complications. An association between type 2 diabetes or GDM with pregnancy 
complications was demonstrated.157 However, the risk of PIH (OR 4.43, 95%CI 1.17 
to 16.72), preterm deliveries (OR 1.92, 95%CI 1.12 to 3.42) and hyperbilirubinemia 
(OR 3.18, 95%CI 1.14 to 8.82) was significantly higher in patients with both PCOS 
and GDM compared to women who only developed GDM, even after adjusting for 
confounders.158

Several studies correlated serum lipid concentrations with obstetric or neonatal out-
comes, especially with PIH and PE.149,159–165 A lot of metabolic changes are physiolo-
gical in normal pregnancy. Visceral fat accumulation and hyperlipidaemia, which are 
metabolic adaptations to support fetal growth, are the two most important changes in 
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lipid metabolism associated with gestation.166 Women with PCOS have higher serum 
low-density lipoprotein (LDL) and triglyceride (TG) concentrations before and during 
pregnancy compared to healthy controls.25 After adjusting for confounders, serum LDL 
and TG levels during pregnancy were directly and independently related to pregnan-
cy complications.25 Although the role of LDL and TG in the pathogenesis of obstetric 
complications in women with PCOS is not entirely clear, it can be hypothesised that 
elevated plasma lipid concentrations may induce endothelial dysfunction due to oxida-
tive stress from free radicals, lipid peroxides and vascular damage.167–169

Increased free radicals are part of the inflammatory changes observed in pregnancy, al-
ong with activation of peripheral blood leucocytes, increased white blood cells (WBC), 
ferritin, and C-reactive protein (CRP) levels, and production of pro-inflammatory 
cytokines.170–173 Moreover, an abnormal low-grade inflammatory state during pregnan-
cy had an effect on the pathogenesis of adverse pregnancy and neonatal outcomes with 
particular regard for the development of PIH/PE, glucose intolerance and GDM.174–179 
Specifically, first-trimenster CRP levels were significantly related to the risk of deve-
loping GDM (aRR 3.6, 95%CI 1.2 to 11.4 comparing highest CRP tertile versus lowest 
tertile) in a cohort of pregnant women unselected for PCOS.174 This inflammatory res-
ponse was generalised and it seemed to mediate the vascular damage seen in PE and 
intra-uterine growth restriction.64,179

Even if PCOS is not universally considered an inflammatory process, a state of low-gra-
de chronic inflammation is known to be associated with this condition and with 
PCOS-related IR.180–182 A recent clinical study demonstrated that, during pregnancy, 
the absolute values and the increase of low-grade chronic inflammation markers were 
higher in women with PCOS than in healthy controls.24 This suggests that pregnancy 
could enhance the chronic low-grade inflammation ,which is typical for PCOS. Mo-
reover, a significant and direct association between low-grade chronic inflammation 
markers, such as WBC, CRP, and ferritin levels, and the risk of adverse obstetric/ne-
onatal outcomes was demonstrated in women with PCOS.24 

Placenta
Hormone-independent alterations in important pathways in the regulation of placenta 
nutrient transport for fetal growth in women with PCOS have been recently detected, 
suggesting that the placenta in PCOS could be altered.183 However, the placenta may 
be also a common target of all aberrations observed during pregnancy in women with 
PCOS. Trophoblast and placental tissue of women with PCOS are hyperandrogenic 
and/or insulin resistant micro-environment targets of epigenetic factors, including in-
fertility treatments.70
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The placenta of women with PCOS, also in uncomplicated pregnancies, shows histo-
logical changes (i.e. chronic villitis/intervillositis and increased thickness of stem villi 
arterial walls) compatible with local micro-vascular and inflammatory damage.69 The-
se findings vary according to the PCOS phenotype and reflect subclinical alterations 
which have already been described in non-pregnant women with PCOS, i.e. low-grade 
chronic inflammation and/or endothelial impairment.70,184,185 Thus, an abnormal pat-
tern of low-grade chronic inflammation in combination with a subclinical impairment 
of vascular structure and function could result in a hypoxic state with abnormalities of 
physiological changes and remodelling of spiral vessels, with subsequent reduced depth 
of endovascular trophoblast and abnormal placentation.186 These abnormalities of the 
utero-placental circulation have been confirmed by Doppler velocimetry in pregnant 
women with PCOS.187

Potential compensatory morphometric adaptations of the placenta were also observed 
in women with PCOS suggesting that placental plasticity may improve the materno-fe-
tal oxygen and nutrient transfer during normal pregnancy.69,188 In PCOS, a reduced 
placental plasticity, due to impaired trophoblast invasion and/or the impossibility of 
further compensatory adaptations to external noxae, may be the keystones for the de-
velopment of subsequent complications.68,69

In conclusion, PCOS and its diagnostic features, play a crucial role in the increased 
risk of the pregnancy complications observed. Several features (such as IR, metabolic 
alterations, and chronic low-grade inflammation) and/or clinical comorbidities (such 
as obesity or type 2 diabetes) closely related to the syndrome could increase that risk 
to a clinically significant threshold. All potential risk factors could influence the risk of 
obstetric/neonatal complications directly and/or through altered trophoblast invasion 
and placentation (Figure 1). However, pregnancy complications in women with PCOS 
could also be the result of a primary subclinical dysfunction of the placenta.

Prevention and management of pregnancy complications in 
women with PCOS

Evidence-based data on the efficacy of preconception weight loss as intervention for 
preventing pregnancy complications are limited.189 Since almost all observational fin-
dings showed a lower risk of obstetric and neonatal adverse outcomes in normal-weight 
women (versus overweight/obese), losing weight before conception up to an optimal 
body weight is suggested.190

Pregnant obese women, irrespective of PCOS, should be informed about the bene-
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ficial effects of dietary and/or physical activity during pregnancy on the gestational 
weight gain and the risks of PE (RR 0.74, 95%CI 0.60 to 0.92) and shoulder dystocia 
(RR 0.39, 95%CI 0.22 to 0.70).189,191 A trend towards reduction of the risk of GDM (RR 
0.78, 95%CI 0.57 to 1.08), preterm delivery (RR 0.78, 95%CI 0.60 to 1.02), intrauterine 
death (RR 0.15, 95%CI 0.02 to 1.20), and birth trauma (RR 0.36, 95%CI 0.11 to 1.2) 
should also be highlighted to pregnant obese women.191 At the moment, limited data 
are available about the effect of weight loss during pregnancy in obese women and 
several study protocols are in progress on this topic.192–194 However, a dietary and/or 
physical activity intervention in women with PCOS could avoid the excess in weight 
gain observed during pregnancy.
In consideration of available data suggesting that 2.9% of women of reproductive age 
in the USA are affected by pregestational diabetes,195 it should be crucial to screen all 
women who are planning a pregnancy, with special regard to women with PCOS.6,196 
In this regard, the American Diabetes Association has included the PCOS among the 
criteria for testing type 2 diabetes in asymptomatic adult individuals at the first prenatal 
visit,197 even if universal, instead of selective, screening was recommended by the In-
ternational Association of Diabetes and Pregnancy Study Groups.198 However, the risk 
of developing GDM can be also predicted in women with PCOS with high precision 
before conception based on the following features: first-degree relatives with type 2 
diabetes, fasting glucose, insulin, androstenedione and SHBG concentrations.30 This 
approach, followed by preconception care aimed at ensuring an adequate glycaemic 
control, could reduce the cost and health burden associated with GDM especially in 
women with non-PCOS related risk factors, such as obesity, advanced age, and a par-
ticular ethnicity.137,196

Certainly, in infertile women with PCOS maximum effort should be made to reduce 
the time to pregnancy and to avoid multiple pregnancies using strategies and/or drugs 
that induce mono-ovulation and always using the elective single embryo transfer in 
ART cycles.10,19 
At present, no indication for a specific management of pregnant women with PCOS 
women is available. A Norway registry study on 3,506 women (unselected for the 
PCOS) with 4,990 singleton births demonstrated that measuress of blood pressure, TG, 
cholesterol, high-density lipoprotein-cholesterol (HDL), and glucose assessed before 
pregnancy were associated with increased risk of preterm birth and shorter gestati-
onal length.163 Throughout gestation, special attention should be paid to early chan-
ges in acute-phase proteins, to dyslipidemia and to abnormally low hemoglobin and 
haematocrit levels because these biochemical markers are all related to a higher risk 
for pregnancy complications in women with PCOS.24,25 Very few data on instrumental 
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pregnancy monitoring have been published on PCOS populations. Women with PCOS 
commonly showed more abnormal uterine artery Doppler indices during the early 
phases of pregnancy suggesting a potential role of ultrasonography in selecting PCOS 
patients at high risk of adverse pregnancy and perinatal outcomes.187 However, the real 
and pragmatic usefulness of the routine Doppler examination of the uterine arteries 
in clinical practice, like that of the previously mentioned biochemical markers, is still 
unknown in this specific high-risk population.
Different pharmacological measures have been proposed in women with PCOS during 
pregnancy in order to reduce the obstetric and neonatal risks even if the drugs tested in 
that population are few. Indeed, most of the data available concerns metformin. Met-
formin is effective and safe for the treatment of GDM, particularly for overweight and 
obese women.105,199 Potential advantages for the use of metformin over insulin in GDM 
were suggested regarding maternal weight gain during pregnancy, neonatal outcomes 
(including less visceral fat) and patient compliance.105,199,200 Moreover, patients with 
multiple risk factors for IR may not meet their treatment goals with metformin alone, 
and may require supplementary insulin.105,201 However, the beneficial effects of metfor-
min on GMD are more significant in non-RCTs.202 In fact, the only RCT on metformin 
administration through pregnancy in women with PCOS did not show any effect on 
the prevalence of GDM, despite the finding of reduced maternal weight gain observed 
during pregnancy.203 Thus, it is still unknown whether prophylactic metformin admi-
nistration can really reduce the incidence of GDM and the weight gain during pregnan-
cy in women with PCOS providing long-term benefits for mother and baby.200

Data regarding the potential effect of metformin on the prevention of PIH and/or PE 
are scarce. Metformin administration during pregnancy reduced uterine artery impe-
dance between 12 and 19 weeks of gestation.204 Thus, its administration in the early 
phases of pregnancy might influence the trophoblastic invasion of the maternal deci-
dua allowing a successful placentation with consequent improvement of the pregnancy 
outcomes. Moreover, at present, clinical data seem to show a limited effect of metfor-
min in preventing PIH and PE.98

The studies that have evaluated other classes of drugs, such as low molecular weight 
heparin (LMWH) and acetil-salicylic acid (ASA) were few and on small sample si-
zes. ASA and LMWH, as monotherapy or a combined scheme, prevented spontaneous 
abortion and recurrent pregnancy loss in 336 PCOS patients with hyperhomocysteine-
mia.205 LMWH, alone or combined with metformin, reduced pregnancy loss in a little 
sample of 21 women with PCOS and coagulation disorders without any maternal-fetal 
side effects.206
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In conclusion, pregnant women with PCOS should be informed of the additional risks 
of their pregnancy in order to facilitate closer maternal/fetal surveillance and, thus, 
perform preventive and therapeutic interventions early, particularly for the more se-
vere PCOS phenotypes. Although a close monitoring during pregnancy is suggested 
in women with PCOS,6 no specific guideline for preventing and managing pregnancy 
complication in PCOS patients is currentlu available, and clinical suggestions can be 
extrapolated only from populations with similar characteristics.

Conclusion and future perspectives

At the moment, there are more questions than answers concerning the association be-
tween pregnancy complications and PCOS.
Firstly, women with PCOS show an increased risk of pregnancy complications, but 
the specific mechanisms involved remain unclear. Available studies suggest that PCOS 
related features, such as hyperandrogenism, IR, obesity, dyslipidaemia and chronic 
low-grade inflammation, may play a crucial role in the first phases of pregnancy, i.e. 
during trophoblast invasion and placentation, and similarly to increase the long-term 
risk for mothers and children. In addition, pregnancy in PCOS patients can abnormally 
increase the usual physiological metabolic and inflammatory changes observed during 
pregnancy, worsening that risk.207

Secondly, data on the effectiveness of intensive obstetric monitoring in pregnant women 
with PCOS are also lacking, as are potential monitoring strategies. Thus, the prevention 
of pregnancy complications in women with PCOS is a field of scientific interest, espe-
cially when they are affected by the more severe PCOS phenotype and/or when many 
other co-morbidities and cofactors can increase the absolute risk to a clinically relevant 
threshold. Furthermore, few data are available in the literature on non-pharmacolo-
gical and pharmacological interventions in pregnant women with PCOS. Recent data 
suggest specific clinical, biochemical and proteomic markers as potential diagnostic 
tools to facilitate the identification of high-risk patients for obstetric and/or neonatal 
complications in pregnant populations with PCOS. Moreover, specific cut-offs need to 
be defined and/or their external validity confirmed.24,25,30,208

Thirdly, possible effects of the reproductive history (including non-complicated and 
complicated pregnancies) of natural and assisted conceptions in women with PCOS on 
long-term maternal and offspring health are unknown. In fact, only 4.8% and 5.7% of 
studies of all clinical research in infertility reported on maternal and children outco-
mes, respectively, and data on the short- and long-term health of mother and baby are 
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scarce in the general infertility literature, let alone in relation to PCOS.209 
Serum testosterone levels in parous women are lower when compared to nulliparous 
women suggesting that (non-complicated) pregnancy could induce a long-term sup-
pression of ovarian steroidogenesis and a better cardiometabolic profile.210 Moreover, 
hyperandrogenic women with PCOS could be less likely to achieve a pregnancy either 
spontaneously or following infertility treatment and have an increased risk for meta-
bolic dysfunction and associated diseases later in life irrespective of parity or obstetric 
history.211,212 To this regard, the effect of hyperandrogenism on cardiovascular diseases 
after menopause is debated.213–218 On the other hand, in women with PCOS, it is not 
known whether the complicated pregnancy increase the risk of long-term cardiovas-
cular and metabolic disease of mothers with PCOS per se. Pregnancy complications 
could influence long-term maternal health independently of the presence of cardiovas-
cular risk factors before pregnancy. In fact, more and more data suggest that pregnan-
cy-related disorders, such as PIH, PE or GDM, are associated with an increased risk 
of development of type 2 diabetes,219,220 and of future maternal cardiovascular disease 
and mortality.221–226 On the other hand, it is not possible to exclude that the underlying 
risk factors that lead to pregnancy complications may also lead to long-term health 
problems. Independent epigenetic factors could affect the future history of the patient 
with PCOS. In particular, patients with the more metabolically disturbed PCOS phe-
notype could have an increased risk of obstetric/neonatal complications and these may, 
in turn, impair long-term outcome. On the other hand, patients with a milder PCOS 
phenotype and with fewer metabolic alterations may experience a complicated preg-
nancy and these events could significantly worsen the long-term cardiovascular risk for 
women with PCOS. In this view, the obstetric history could act as a sensitive screening 
tool to identify subgroups of young women with PCOS particularly at risk for cardio-
vascular diseases in order to suggest long-term follow-up by specialist referral and to 
influence the modifiable co-morbidities such as obesity.227,228

Finally, the long-term effects on offspring health of women with PCOS also remains to 
be explored, although an increasing body of data obtained in populations not selected 
for PCOS seems to suggest that both sons and daughters of women with PCOS can 
have an increased risk of future metabolic and reproductive dysfunction.
Future research is needed to clarify all previously mentioned experimental and clinical 
aspects. When the association between pregnancy complications and PCOS is clarified, 
wide interventional studies should be designed with the aim of reducing the risk of 
obstetric and neonatal complications in women with PCOS.
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What is known and study question
Women with PCOS are at increased risk of pregnancy complications, especially GDM. 
GDM has serious short-term and long-term effects on mother and baby. Can we deve-
lop an adequate preconception prediction model that identifies women with polycystic 
ovary syndrome (PCOS) who have an increased risk of developing gestational diabetes 
mellitus (GDM) during subsequent pregnancy? 

Study answer
The risk of developing GDM in women with PCOS can be adequately predicted prior 
to conception by a prediction model. 

Study design and methods
This study is a part of a multicentre prospective cohort study, which was conducted 
between April 2008 and April 2012. A total of 326 women with PCOS were included.
Women with PCOS and a wish to conceive were included prior to conception and 
followed until 6 weeks after delivery. Maternal, neonatal, and birth complications were 
reported. A multivariate model was developed to predict the most common pregnancy 
complication, GDM, by using univariate and multivariate logistic regression of precon-
ception patient characteristics. The area under the curve (AUC) of the receiver opera-
ting characteristic (ROC) was used to test the performance of the model.

Main results and the role of chance
A total of 189 women (58%) achieved an ongoing pregnancy (8% multiples) and de-
livered a live born neonate. One or two maternal complications occurred in 62 (33%) 
pregnant women, mainly GDM (n=41; 22%), and pregnancy-induced hypertension 
(n=14; 7%). In children, one or two complications were observed in 49 (26%) out of 
206 children born, e.g. premature delivery (n=23; 12%) and small for gestational age 
(n=15; 8%). The preconception prediction model for GDM performed well (AUC 0.87, 
95% CI 0.81 to 0.93). First-degree relatives with type 2 diabetes mellitus, serum levels 
of fasting glucose, fasting insulin, androstenedione and sex hormone-binding globulin 
before conception were identified as predictors.

Limitations and implications 
The prediction model has not yet been externally validated in another group of patients. 
Also, there were missing data for some of the determinants, which were accounted for 
by multiple imputation. Women with PCOS who achieve a pregnancy have an incre-
ased risk of GDM. The prediction model can be used to identify women particularly at 
risk for GDM who should be monitored closely to enable preventive measures that may 
reduce the risk of developing GDM and its adverse consequences.
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Introduction 

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder worldwide 
in women of reproductive age, with a reported prevalence between 6 and 15%.1,2 PCOS 
is a heterogeneous reproductive disorder, which is diagnosed when at least two out of 
the three following criteria are present: oligo- or anovulation, clinical or biochemical 
signs of hyperandrogenism, and polycystic ovaries.3 Associated features include obe-
sity, impaired glucose tolerance, dyslipidaemia and metabolic dysfunction.4–6 Women 
with PCOS exhibit classical risk factors for cardiovascular disease (CVD) such as me-
tabolic syndrome, type 2 diabetes, elevated CVD risk markers and are at increased risk 
of developing CVD at later age.2,6–8  
In the past, multiple pregnancies frequently occurred due to multiple follicle deve-
lopment in women with PCOS during ovulation induction strategies. Multiple preg-
nancies exhibit an inherent increased risk of pregnancy complications compared with 
singletons.9 This problem, however, has been largely overcome with current low-dose 
ovulation induction regimens along with the introduction of single embryo transfer 
policies in in vitro fertilisation (IVF).
Even singleton pregnancies in women with PCOS are at increased risk for adverse out-
comes as demonstrated by two recent meta-analyses and a large sample size populati-
on-based cohort study.10–12 These studies all disclosed increased complication rates in 
women with PCOS: e.g. gestational diabetes mellitus (GDM) [odds ratio (OR) 2.32-
3.66], preeclampsia (OR 1.45-4.23) or pregnancy-induced hypertension (OR 3.67-
4.07).10–12 Moreover, infants born from women with PCOS are at increased risk: e.g. 
premature birth (OR 1.75-2.20), small for gestational age (OR 2.62) or large for gesta-
tional age (OR 1.39).10–12 
The majority of studies included in the aforementioned meta-analyses were retrospec-
tive. The sample size of eight prospective studies undertaken so far was small (n≤ 93) 
and included only pregnant women.12 It is therefore impossible to draw any conclusi-
ons from those studies with regard to preconception characteristics in relation to com-
plications during pregnancy or delivery. To date, the only report relating preconception 
features to complications of pregnancy in women with PCOS was a recent preliminary 
report from our own group, demonstrating sex hormone-binding globulin (SHBG) 
concentrations as a predictor of GDM.13 
Fetomaternal healthcare would benefit from a tool able to predict GDM in women with 
PCOS before conception. Apart from PCOS, GDM has serious short-term and long-
term effects on mother (e.g. metabolic syndrome, type 2 diabetes) and baby (large for 
gestational age, childhood obesity, metabolic syndrome).14 Women with PCOS could 
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be classified in risk groups in order to offer them personalized periconception care. 
This could reduce unnecessary burden of intensified antenatal care and costs for low-
risk women and focus screening programmes on women with PCOS, at high risk for 
pregnancy complications. Therefore, we aimed to develop a prediction model for GDM 
in women with PCOS before pregnancy. 

Materials & Methods 

Study design 
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Figure I. Receiver operating charac-
teristic curve for prediction of GDM 
by a model based on first-degree re-
latives with type 2 diabetes, fasting 
glucose, fasting insulin, androste-
nedione and sex hormone-binding 
globulin. AUC, area under the cur-
ve.

This study is a part of the Copper study. The Copper study was conducted in four 
hospitals in the Netherlands between April 2008 and April 2012. Women diagnosed 
with PCOS, who visited the hospital because of a fertility disorder and who wish to get 
pregnant, were included in the study before conception. PCOS was diagnosed accor-
ding to the Rotterdam 2003 consensus criteria following standardized phenotyping.2,3,15 
Women were excluded in case of age <18 years or >45 years, language barrier and type 
1 or type 2 diabetes mellitus. 

Ethical approval
This study was approved by the institutional review boards of all our participating cen-
tres. All women who participated in the study gave written informed consent. This 
study was registered with Clinicaltrials.gov, number NCT00821379. 
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Clinical assessments
All women underwent standardized preconception screening upon inclusion. This 
screening included a questionnaire concerning lifestyle, socio-economic status, men-
tal state, and family history of CVD and/or type 2 diabetes. Standard anthropometry 
(height, weight, waist and hip circumference), blood pressure and a transvaginal ultra-
sound scan of the uterus and ovaries (including antral follicle count) were performed 
by trained medical doctors. Metabolic and endocrine measurements, as previously de-
scribed, were performed and analysed in each centre separately.15 All women under-
went an oral glucose tolerance test (OGTT) according to our standard preconception 
protocol (75-g glucose load, 2 h follow-up).
Subsequently, most women started fertility treatment by ovulation induction becau-
se of oligo- or anovulation. In case of concurrent male factor infertility, intrauterine 
insemination, IVF or intracytoplasmic sperm injection (ICSI) was performed. When 
pregnancy was achieved, patients were followed by antenatal care visits at 6-8, 10-12, 
16-18, 20-22, 24-26, 28-30, 32-34, 36-38, 38-40, and 40-42 weeks of pregnancy and at 
6 weeks post-partum. At each visit maternal blood pressure, body weight and a venous 
blood sample were obtained.
At 6-8 weeks of gestation a transvaginal ultrasound examination was performed to 
detect fetal heart activity and to measure the crown-rump length. Gestational age was 
determined by the best estimate according to the crown-rump length, or the first day of 
the last menstrual period. At 24-26 weeks of pregnancy, an OGTT (100-g glucose load, 
3 h follow-up) was performed according to standard pregnancy protocol. Pregnancy 
outcome data were collected by a medical doctor after delivery. 

Study outcomes 
The aim of this study was to develop a prediction model for GDM. Secondary outcomes 
were other maternal complications and complications of labour and delivery. Anticipa-
ted maternal complications besides GDM were pregnancy-induced hypertension, pree-
clampsia, and the haemolysis elevated liver enzymes low platelets (HELLP) syndrome. 
GDM was defined as two or more plasma glucose levels exceeding a given threshold 
after a 100-g glucose load: fasting glucose ≥ 5.3 mmol/l, 1 h glucose ≥ 10.0 mmol/l, 2 
h glucose ≥ 8.6 mmol/l, 3 h glucose ≥ 7.8 mmol/l.16 Pregnancy-induced hypertension 
was defined as a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure 
≥ 90 mmHg. Preeclampsia was defined as pregnancy-induced hypertension and protei-
nuria (≥ 300 mg/24 h). Neonatal outcomes were (spontaneous or induced) premature 
birth which was defined as gestational age < 37 weeks, small for gestational age as birth 
weight < 10th percentile for gestational age and gender, large for gestational age as birth 
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weight > 90th percentile for gestational age and gender, and hypoglycaemia as a glucose 
value < 2.6 mmol/l. Complications of labour and delivery were assisted vaginal delivery 
(vacuum extraction or forceps), Caesarean section, post-partum haemorrhage, signs 
of intrauterine infection during delivery, shoulder dystocia, and placental retention. 
Post-partum haemorrhage was defined as > 1000 ml blood loss per 24 h within 6 weeks 
post-partum and placental retention as a situation after delivery in which placental 
delivery does not occur within 1 h. A shoulder dystocia was defined as a situation after 
delivery of the head of the neonate, when the indentation of the shoulder within the 
maternal pelvis prevents further delivery. 

Statistical analysis 
All data were collected in a database using SPSS Statistics (IBM SPSS, Inc., Chicago, IL, 
USA version 20.0). In the dataset, several women had missing data at random and for 
some laboratory measurements selective missing (up to 60%) may have occurred, due 
to insufficient compliance to the study protocol of some hospitals. To avoid any poten-
tial bias that might have occurred, multiple imputation (10 times) was applied using 
observed baseline characteristics and the outcome data, though the outcome itself was 
not imputed. Missing baseline data were imputed using a logistic regression model 
that included the variables given in Table I.17 We compared baseline characteristics in 
women who developed GDM with women who did not, χ2 tests were used to calculate 
P values for the categorical variables and Mann-Whitney U tests were performed on 
the continuous variables. Associations between baseline characteristics and GDM were 
calculated by univariate and multivariate logistic regression analyses. After univariate 
regression, variables with P ≤ 0.15 were put in a multivariate logistic regression model 
using backward elimination with P > 0.15, to determine the predictive strength of these 
variables for GDM. For a single model parameter, a critical P value of 0.15 is equivalent 
to using the broadly accepted Akaike’s Information Criterion (AIC) as model selection 
method.18 The prediction model was tested using the area under the curve (AUC) of the 
receiver operating characteristic (ROC). To assess the amount of overfitting, inherently 
present in analyses such as these, bootstrapping with 200 replications was used, which 
produced a shrinkage factor on the regression coefficients.19 Moreover, the optimism 
in the AUC was determined and an optimism-corrected AUC was subsequently calcu-
lated. For ease of use, the prediction model was presented as a score chart. The score 
chart was developed in R 3.0.0 by the normogram function in the RMS library.  
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Table I. Epidemiological and clinical features and outcomes of pregnant women with PCOS who delivered according 
to their GDM status  

Pregnant women 
who delivered 

(n=189)*a

Pregnant women 
without GDM 

(n=148)

Pregnant women 
with GDM 

(n=41)
P value

Demographic characteristics
Maternal age (years) 29 [27-31] 29 [27-31] 30 [26-33] 0.23

Ethnicity 0.04

European descent 172 (91%) 138 (93%) 34 (83%)

Non-European descent 17 (9%) 10 (7%) 7 (17%)

Occupational class 0.09

Low 19 (10%) 12 (8%) 7 (17%)

Medium 67 (35%) 50 (34%) 17 (41%)

High 103 (54%) 86 (58%) 17 (41%)

Smoking 0.79

Never 127 (67%) 100 (68%) 27 (66%)

Quit 40 (21%) 32 (22%) 8 (20%)

Current 22 (12%) 16 (11%) 6 (15%)

Cycle disorder 0.61

No cycle disorder 6 (3%) 4 (3%) 2 (5%)

Oligomenorrhoea 140 (74%) 110 (74%) 30 (73%)

Amenorrhoea 43 (23%) 34 (23%) 9 (22%)

Miscarriage prior to inclusion 20 (11%) 15 (10%) 5 (12%) 0.70

Cause of infertility 0.87

PCOS 155 (82%) 122 (82%) 33 (80%)

PCOS and malefactor 30 (16%) 23 (16%) 7 (17%)

PCOS and other 4 (2%) 3 (2%) 1 (2%)

Primary or secondary fertility disorder 0.15

Primary 149 (79%) 120 (81%) 29 (71%)

Secondary 40 (21%) 28 (19%) 12 (29%)

Complications in previous pregnancies (eclampsia, haemorrhage etc.) 0.01

Maternal 4 (2%) 3 (2%) 1 (2%)

Neonatal 10 (5%) 4 (3%) 6 (15%)

Type 2 diabetes in first-degree relatives 0.004

No relatives 155 (82%) 128 (86%) 27 (66%)
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Pregnant women 
who delivered 

(n=189)*a

Pregnant women 
without GDM 

(n=148)

Pregnant women 
with GDM 

(n=41)
P value

1 relative 34 (18%) 20 (14%) 14 (34%)

Cardiovascular disease in first-degree relatives 0.13

No relatives 139 (74%) 110 (74%) 29 (71%)

1 relative 40 (21%) 32 (22%) 8 (20%)

Clinical measures (preconception)
BMI (kg/m2)  24 [21-28] 24 [21-28] 27 [23-34] 0.001

Waist circumference (cm) 84 [76-95] 83 [74-92] 92 [83-104] <0.001

Waist/hip ratio 0.82 [0.76-0.88] 0.80 [0.75-0.87] 0.86 [0.80-0.91] 0.01

Polycystic ovaries 182 (96%) 141 (95%) 40 (98%) 0.82

Acne 56 (30%) 55 (37%) 14 (34%) 0.65

Hirsutism*b 23 (12%) 27 (18%) 4 (10%) 0.17

Systolic blood pressure (mmHg) 117 [110-125] 116 [109-122] 121 [113-134] 0.02

Diastolic blood pressure (mmHg) 74 [70-82] 73 [69-81] 80 [71-88] 0.01

Fasting glucose (mmol/L) 4.9 [4.7-5.2] 4.9 [4.7-5.2] 5.2 [4.9-5.6] 0.004

Fasting insulin (mU/L) 6 [4-10] 5 [3-8] 10 [7-16] <0.001

Total cholesterol (mmol/L) 4.8 [4.3-5.3] 4.7 [4.3-5.5] 5.0 [4.6-5.2] 0.84

Triglycerides (mmol/L) 0.7 [0.5-1.2] 0.7 [0.5-1.2] 1.1 [0.6-2.0] 0.003

Low-density lipoprotein cholesterol 
(mmol/L)  

2.9 [2.5-3.4] 1.5 [1.2-1.8] 1.2 [1.0-1.5] 0.25

High-density lipoprotein cholesterol 
(mmol/L)

1.4 [1.1-1.7] 2.8 [2.4-3.5] 3.1 [2.7-3.4] 0.002

Androstenedione (nmol/L) 8.6 [6.5-11.7] 9 [7-12] 7 [6-10] 0.01

Testosterone (nmol/L) 2.0 [1.5-2.6] 2.0 [1.4-2.7] 1.9 [1.6-2.6] 0.80

LH (IU/L) 10.8 [6.4-14.9] 11.0 [6.3-15.0] 10.0 [7.1-12.0] 0.36

Prolactin (IU/L) 0.19 [0.14-0.25] 0.19 [0.14-0.25] 0.19 [0.13-0.25] 0.66

Sex hormone-binding globulin (nmol/L) 51 [38-73] 58 [41-84] 38 [25-50] <0.001

TSH (mU/L) 1.7 [1.1-2.4] 1.7 [1.1-2.4] 1.7 [1.0-2.7] 0.94

Outcome variables 
Pregnant after treatment (n=181)

No treatment 22 (12%) 15 (10%) 7 (17%) 0.014

Table I Continued. Epidemiological and clinical features and outcomes of pregnant women with PCOS who delivered 
according to their GDM status
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Pregnant women 
who delivered 

(n=189)*a

Pregnant women 
without GDM 

(n=148)

Pregnant women 
with GDM 

(n=41)
P value

Ovulation induction (clomiphene 
citrate, follicle-stimulating hormone)

126 (67%) 102 (69%) 24 (59%)

In vitro fertilisation/intracytoplasmic 
sperm injection

30 (16%) 20 (14%) 10 (24%)

Other 3 (1.6%) 3 (2%) 0

Single or multiple pregnancy (n=189) 0.29

Single pregnancy 173 (92%) 133 (90%) 40 (98%)

Twin pregnancy 15 (8%) 14 (9%) 1 (2%)

Triplet pregnancy 1 (0.5%) 1 (0.7%) 0

Gestational age at delivery (n=188) 39.5 
[38.3-40.4]

39.6 
[38.3-40.4]

39.3 
[38.4-40.3]

Start of labour (n=189) 0.00

Spontaneously 123 (65%) 108 (73%) 15 (37%)

Induction 52 (28%) 31 (21%) 21 (51%)

Elective caesarean section 14 (7%) 9 (6%) 5 (12%)

Delivery outcome (n=189) 0.73

Vaginal spontaneously 109 (58%) 86 (58%) 23 (56%)

Assisted vaginal delivery (vacuum, 
forceps)

35 (19%) 29 (20%) 6 (15%)

Caesarean section 45 (24%) 33 (22%) 12 (29%)

Maternal complications (n=189) *c

Any maternal complication *d 62 (33%) 21 (14%) 41 (100%) *e 0.00

Pregnancy induced hypertension 14 (7%) 9 (6%) 5 (12%)

Preeclampsia 8 (4%) 6 (4%) 2 (5%)

Gestational diabetes mellitus 41 (22%) 0 41 (100%)

Other (infection, HELLP) 8 (4%) 7 (5%) 1 (2%)

Neonatal Complications (n=184) *c

Any neonatal complication *d 49 (26%) 35 (24%) 14 (34%) 0.11

Spontaneous premature birth 16 (8%) 13 (9%) 3 (7%)

Induced premature birth 7 (4%) 5 (3%) 2 (5%)

Large for gestational age 4 (2%) 3 (2%) 1 (2%)

Table I Continued. Epidemiological and clinical features and outcomes of pregnant women with PCOS who delivered 
according to their GDM status
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Data are median [interquartile range] or number (%). The following variables are used for analysis, but not 
shown in the table: diet, alcohol, dehydroepiandrosterone, type 2 diabetes and CVD in second-degree relatives 
and age at menarche. BMI, body mass index; CVD, cardiovascular disease; GDM, gestational diabetes mellitus; 
IVF/ICSI, in vitro fertilisation/intracytoplasmic sperm injection; LH, luteinizing hormone; PCOS, polycystic 
ovary syndrome. a Miscarriages (n = 25) during the study period were excluded; b Ferriman–Gallwey score .8; 
c In some subjects ≥1 complication occurred; d Total number of subjects with a complication; e All women in this 
group had GDM as a complication

Table I Legend:

Results 

A total of 326 women with PCOS were included, of which 214 women got pregnant. The 
pregnancies of 189 (88%) women continued beyond a gestational age of 20 weeks and 
were followed intensively. Their features and outcomes are summarized in Table I. The 
remaining 25 pregnant women miscarried and were excluded from further analysis. 
The 189 women delivered 206 children, since there were 15 twins and one triplet preg-
nancy. A total of 62 (33%) women experienced 1 or 2 maternal complication(s). GDM 
alone occurred in 41 (22%) women, pregnancy-induced hypertension in 14 (7%), and 
preeclampsia in 8 (4%) women. Neonatal complications occurred in 49 (26%) infants. 
Ninety-one (48%) women had a complication of labour. 
Table I shows differences in features comparing women who developed GDM versus 
women who did not; among other changes preconception BMI, waist circumference, 
systolic blood pressure and fasting glucose were significantly higher and SHBG was 
significantly lower in women who developed GDM. 
After univariate and multivariate logistic regression analyses, the following variables 

Pregnant women 
who delivered 

(n=189)*a

Pregnant women 
without GDM 

(n=148)

Pregnant women 
with GDM 

(n=41)
P value

Small for gestational age 15 (8%) 14 (9%) 1 (2%)

Hypoglycaemia 8 (4%) 3 (2%) 5 (12%)

Other (immature, congenital abnor-
malities)

8 (4%) 6 (4%) 2 (5%)

Birth Complications (n=185)*c

Any birth complication *d 91 (48%) 75 (51%) 16 (39%) 0.67

Instrumental delivery (vacuum, 
forceps)

32 (17%) 27 (18%) 5 (12%)

Caesaean Section 45 (24%) 33 (22%) 12 (29%)

Haemorrhage postpartum 13 (7%) 10 (7%) 3 (7%)

Other (placental retention, infection, 
shoulder dystocia)

6 (3%) 6 (4%) 0
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turned out to be statistically significant independent predictors for GDM (Table II): 
type 2 diabetes in first-degree relatives (OR 3.87, 95% CI 1.21-12.38), fasting gluco-
se (mmol/l) (OR 3.58, 95% CI 1.28-10.03), fasting insulin (mU/l) (OR 1.16, 95% CI 
1.05-1.28) androstenedione (nmol/l) (OR 0.77, 95% CI 0.66-0.90), and SHBG serum 
concentration (nmol/l) (OR 0.98, 95% CI 0.96-1.00). The ROC curve in Figure I shows 
the predictive strength of these preconception risk factors for GDM, with an AUC of 
0.87 (95% CI 0.81-0.93). 
The probability of developing GDM can be calculated using Table III and Figure II. A 
total score can be calculated by adding the subscores for the five screening predictors 
in Table III. The total score can be matched to a probability of developing GDM in 
Figure II. 
The shrinkage factor on the regression coefficients after bootstrapping was 0.81 and the 
optimism corrected AUC was 0.83 (95% CI 0.77-0.89). The histogram and boxplot in 
Figure III show the distribution of the predicted probabilities of our model for women 
with PCOS to develop GDM. 

Figure II. Score chart and the pre-
conception probability for women 
with PCOS to get GDM
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Discussion 

The current study represents the largest prospective follow-up regarding pregnancy 
complications in anovulatory infertile women diagnosed with PCOS. Since women 
with PCOS were screened in a standardized fashion before conception, we were able to 
assess whether features upon initial screening could predict GDM. Such an approach 
may have relevant clinical implications since an individualized periconception care 
plan can be developed.
The women participating in the current study were relatively lean (BMI 24 kg/m2) 
compared with women with PCOS in other studies, possibly because obese women 
conceive less due to their overweight. Moreover, the general policy of our fertility 
outpatient clinic is that obese women with fertility problems must lose weight before 
starting fertility treatment; other prospective studies in women with PCOS reported a 
mean BMI between 24 and 28.20–22 The risk of pregnancy complications might be redu-
ced due to the relatively low incidence of obesity; however, we found a remarkably high 
incidence (22%) of GDM in our study group. Obesity (BMI ≥ 30 kg/m2) contributes to 
the high risk of GDM and one study showed a presence of 37% in the women diagno-
sed with GDM 23, whereas only 20% of our total study group was obese. 

Figure III. Histogram to show the distribution of predicted probabilities to get GDM based on first-degree relati-
ves with type 2 diabetes, fasting glucose, fasting insulin, androstenedione and SHBG. Inset,boxplot of predicted 
probability of GDM by true GDM status.
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Table II. Univariate and multivariate logistic regression analysis of possible predictor variables for GDM 

Univariate Multivariate
Demographic characteristics OR (95%CI) OR (95%CI)
Maternal age (years) 1.07 (0.97-1.18)

Etnicity

 European descent

 Non-European descent 2.84 (1.01-8.01)

Occupational class

 Low

 Medium 0.66 (0.20-2.18)

 High 0.38 (0.12-1.21)

Smoking

 Never

 Quit 0.97 (0.40-2.34)

 Current 1.59 (0.56-4.53)

Cycle disorder

 No cycle disorder

 Oligomenorrhoea 0.42 (0.07-2.62)

 Amenorrhoea 0.41 (0.06-2.81)

Primary or secondary fertility disorder

 Primary 

 Secondary 1.77 (0.81-3.90)

Cause of infertility

 PCOS

 PCOS and malefactor 1.13 (0.45-2.87)

 PCOS and other 1.79 (0.16-20.37)

 Miscarriage prior to inclusion 1.22 (0.42-3.59)

Complications in previous pregnancies

 Maternal 1.38 (0.14-13.70)

 Neonatal 6.22 (1.66-23.30)

Type 2 diabetes in first-degree relatives 

 No relatives

 1 relative 4.37 (1.83-10.40) 3.87 (1.21-12.38)
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Univariate Multivariate
Demographic characteristics OR (95%CI) OR (95%CI)
Cardiovascular disease in first-degree relatives 

 No relatives

 1 relative 0.86 (0.33-2.19)

Clinical measures (preconception)
BMI (kg/m2)  1.13 (1.05-1.20)

Waist circumference (cm) 1.05 (1.02-1.07)

Waist/hip ratio*a 1.85 (1.17-2.92)

Polycystic ovaries 1.45(0.17-12.40)

Acne 1.16 (0.50-2.7)

Hirsutism*b 0.46 (0.10-2.18)

Systolic blood pressure (mmHg) 1.03 (1.01-1.06)

Diastolic blood pressure (mmHg) 1.05 (1.02-1.09)

Fasting glucose (mmol/L) 3.24 (1.52-6.92) 3.58 (1.28-10.03)

Fasting insulin (mU/L ) 1.13 (1.06-1.21) 1.16 (1.05-1.28)

Total cholesterol (mmol/L ) 1.01 (0.72-1.42)

Triglycerides (mmol/L ) 2.20 (1.26-3.84)

Low-density lipoprotein cholesterol (mmol/L)  0.98 (0.65-1.48)

High-density lipoprotein cholesterol (mmol/L) 0.31 (0.11-0.87)

Androstenedione (nmol/L) 0.87 (0.77-0.99) 0.77 (0.66-0.90)

Testosterone (nmol/L) 0.94 (0.64-1.38)

LH (IU/L) 0.96 (0.91-1.02)

Prolactin (IU/L) 0.5 (0.01-17.88)

Sex hormone-binding globulin (nmol/L) 0.96 (0.95-0.98) 0.98 (0.96-1.00)

TSH (mU/L) 1.04 (0.96-1.13)

 
Variables with a P-value of ≤ 0.15 in the univariate logistic regression analysis were used in the multiple logistic 
regression model. The following variables are used for analysis, but not shown in the table: diet, alcohol, dehy-
droepiandrosterone, type 2 diabetes and CVD in second-degree relatives and age at menarche. OR, odds ratio. 
aPer 0.1 points. bFerriman Gallway score > 8.

Table II Continued. Univariate and multivariate logistic regression analysis of possible predictor variables for 
GDM
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The incidence of GDM in other prospective studies in women with PCOS reported 
so far varied from 8 to 16%.20,22 However, these studies involved much smaller sample 
sizes, and other studies were retrospective.12 In healthy women, GDM occurred in 1-5% 
of all pregnancies.24,25 
Multiple pregnancies occurred in 16 (8%) of the women. Multiple pregnancies have an 
increased risk of pregnancy complications compared with singleton pregnancies. 9 We 
decided not to exclude multiple pregnancies in our study, because we aimed to develop 
a prediction model based on patient characteristics before conception, prior to know-
ledge about the occurrence of a multiple pregnancy. Post-hoc, it appeared that only 1 
out of the 16 multiple pregnancies was complicated with gestational diabetes, thus it 
would not have made a large difference to exclude them from analysis.
The observed pregnancy-induced hypertension rate in the current study was relative-
ly low (7%). Previous studies in women with PCOS reported an increased incidence 
of pregnancy-induced hypertension ranging from 8-27%.20–22,26 In contrast, pregnan-
cy-induced hypertension occurred in 4-9% of healthy pregnant women.24,25,27,28 The 
broad range of the reported incidence of pregnancy-induced hypertension in studies in 
women with PCOS could be explained by the bias which may have occurred because 
of the small sample sizes, the inclusion of women who were already pregnant or the 
retrospective designs. Our study was unable to identify an increased incidence of preg-
nancy-induced hypertension in women suffering from PCOS, which may be related to 
the relatively low BMI in our study population. 
The most common neonatal complication in this study was premature birth (12%), a 
third of which (4%) was due to induction, possibly reflecting the high GDM rate in 
this population. The incidence of preterm birth reported in a meta-analysis on preg-
nancies in women with PCOS was 14%; however, no differentiation was made between 
spontaneous and induced premature birth.12 The reported undifferentiated premature 
delivery incidence in neonates of healthy women ranged from 5 to 8%.24,25,27 Despite the 
high number of women with GDM in our study, only 2% of the neonates were large for 
gestational age, although 16% of neonates in a meta-analysis regarding pregnancies in 
women with PCOS were large for gestational age.12 In healthy women, 10-12% of the 
neonates were large for gestational age.24,28 A possible explanation for the low number 
of large for gestational age neonates observed in our study group might be that glucose 
levels were better regulated compared with other studies. In The Netherlands, women 
with GDM are intensively monitored and adequately treated (by e.g. diet, insulin, met-
formin). Moreover, the definition of GDM has always been a subject of discussion. 
WHO criteria from 1999 and older were used by some studies, which described higher 
threshold values for diagnosing GDM compared with the criteria we used as postula-
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 Screening parameters  Scorea 

Type 2 diabetes in first-degree relatives

no relatives 0

1 relative 4

Fasting glucose (mmol/L)

3.5 0

4.0 2

4.5 4

5.0 6

5.5 8

6.0 10

6.5 12

7.0 14

7.5 16

8.0 18

Fasting insulin (mU/L)

0 0

5 2

10 5

15 7

20 9

25 12

30 14

35 16

Androstenedione (nmol/L)

2 20

 Screening parameters  Scorea 

4 18

6 17

8 15

10 13

12 12

14 10

16 8

18 7

20 5

22 3

Sex hormone-binding globulin (nmol/L) 

0 13

20 12

40 10

60 9

80 7

100 6

120 4

140 3

160 1

180 0

Table III. Five screening parameters with subscores for the prediction of risk for GDM 

a Total score can be calculated by adding the subscores for each screening parameter together. The score can be 
matched to the risk chart (Figure II) in order to obtain a predicted probability for a woman to get GDM. For 
example, a woman with PCOS had no first-degree relatives with type 2 diabetes, a glucose of 5.1 mmol/l, an 
insulin of 12.0 mU/l, an androstenedione of 8.3 nmol/l and a sex hormone-binding globulin of 25.0 nmol/l. 
Scores are 0 for first-degree relatives with type 2 diabetes, 6 points for glucose, 5 for insulin, 15 for androste-
nedione and 12 for SHBG. The total score is 38, with a predicted probability to get GDM of 42%.
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ted by the American Diabetes Association.16,22 Another explanation might be that our 
study population was relatively lean.  
We aimed to develop a prediction model for one of the most common pregnancy 
complications in women with PCOS, GDM. Predictors in our multivariate prediction 
model were first-degree relatives with type 2 diabetes, fasting glucose, fasting insulin, 
androstenedione and SHBG serum concentrations. We were able to identify women 
at risk for GDM with an 83% precision. A score chart involving the abovementioned 
screening characteristics has been designed to calculate the GDM risk for a given wo-
man. Interventions were not performed in this study.  
The predicting variables androstenedione and SHBG seem to be associated with the 
development of GDM.16 As previously reported, SHBG could be a marker of insulin 
resistance in vivo, because of the inhibition of SHBG secretion in the human hepatoma 
cell line in vitro by insulin.29 In addition, earlier findings in a small subgroup of the cur-
rent study (50 first included women) showed that GDM is associated with lower SHBG 
levels (OR 0.92, 95% CI 0.87-0.97) with a predictive precision of 86%.13 This study was 
based on a smaller number of patients and no internal validation was performed and so 
no correction for optimism was applied. Indeed, in the current data the corrected AUC 
for SHBG solely was 0.74 (95% CI 0.66-0.82), which is considerably lower than in the 
previous study, but also much lower than the AUC of the model with five predictors.
The association between low androstenedione concentrations and GDM remains un-
clear. However, hyperandrogenism is an important feature of PCOS and hyperinsuli-
naemia, observed in many women with PCOS, increases the bioavailability of andro-
gens.30 
Main points in the current study are its prospective design starting before concepti-
on, the considerable sample size, and the standardized collection of determinants and 
outcomes. Another limitation is some missing data for the determinants, which were 
accounted for by multiple imputation. Multiple imputation is preferred over complete 
case analysis when missing data are at random.31 Furthermore, we might have ove-
restimated the incidence of GDM in a small proportion of women, since we used the 
preferred glucose load (100 g) for diagnosing GDM with the OGTT according to the 
American Diabetes Association in 2003.16 Shortly after this study ended, a new guide-
line of the American Diabetes Association appeared which recommended using a 75-g 
OGTT with the same cut-off points as the 100-g OGTT.32 With the 75-g OGTT women 
with moderate glucose intolerance will not be classified as GDM and so we speculate 
that the performance of our prediction model would then even improve. It would the-
refore be very interesting to perform an external validation of our prediction model in 
future studies in women with GDM based on the new ADA guidelines.
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In conclusion, the current study confirms that women with PCOS exhibit an evident 
increased risk of developing GDM and premature delivery. In contrast to other studies 
in women with PCOS, the observed incidence of pregnancy-induced hypertension, 
preeclampsia and small for gestational age infants did not seem to be increased. We 
developed a prediction model able to identify accurately women with PCOS at risk for 
GDM before conception. Such women should be monitored closely during pregnancy, 
with frequent glucose evaluation and interventions if needed. This will enable preven-
tive measures that may reduce the risk of developing GDM or enable early detection 
of GDM to reduce adverse consequences. For future research purposes, a combined 
prediction model for GDM could be created with a preconception prediction and an 
adjusted prediction during pregnancy in order to improve our prediction model. Mo-
reover, further research is needed to determine intervention strategies based on the 
calculated risks for women with PCOS.
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Objective
To study prospectively the incidence of maternal and neonatal complications in single-
ton pregnancies in a heterogeneous group of women diagnosed before conception 
with polycystic ovary syndrome (PCOS) compared with a population-based reference 
group. 

Methods
In a multicentre follow-up study, singleton pregnancies (88% of total) among women 
diagnosed with PCOS were followed from before conception until after delivery bet-
ween 2008 and 2012. The reference group consisted of a population-based cohort of 
women with a spontaneously conceived singleton pregnancy who received obstetric 
care according to Dutch national guidelines in 2013. Main outcome measures were the 
incidence of maternal and neonatal complications.  

Results
A total of 188 women with PCOS were compared with 2,889 controls. Women with 
PCOS presented with a significantly higher chance of developing gestational diabetes 
(22.9% vs. 4.5% respectively; P < 0.001). Moreover, women with PCOS more often have 
an induced premature delivery (adjOR 7.77; 95% CI 1.81 – 33.40) and their infants were 
more often born small for gestational age (adjOR 3.76; 95% CI 1.69 - 8.35) compared 
with the reference group. In a subgroup analysis, women with hyperandrogenic PCOS 
(defined as a free androgen index>4.5) exhibit a significantly increased incidence of any 
maternal complication compared with normo-androgenic PCOS (44.7% vs. 23.7%; P = 
0.003), whereas no significant differences were found between these groups regarding 
neonatal complications. 

Conclusion
Women with PCOS - especially the hyperandrogenic phenotype - with singleton preg-
nancies present with an increased incidence of pregnancy complications, especially ge-
stational diabetes. However,the impact of pregnancy complications in PCOS on neona-
tal outcomes seems modest. Potential implications for child and adult health remain to 
be studied.
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disorder in women during 
reproductive life occurring in op to 15% of all women. According to the Rotterdam 
consensus criteria, this heterogeneous condition is diagnosed when at least two out 
of the three following features are present: polycystic ovaries, oligo- or anovulation 
and clinical or biochemical hyperandrogenism.1 Additional characteristic features as-
sociated with PCOS include obesity, insulin resistance and metabolic abnormalities 
including dyslipidaemia and type 2 diabetes.2,3 Women presenting with anovulatory 
infertility and diagnosed with PCOS usually undergo ovulation induction 4 with re-
ported cumulative live birth rates close to 80%.5,6 However, multiple pregnancies and 
related perinatal morbidity represent an inherent complication of such interventions.7 
Even when the aim of an ongoing singleton pregnancy is achieved, women with PCOS 
present with evidently increased risk of pregnancy complications. 
The pathophysiology of pregnancy complications in PCOS is not entirely understood, 
but is supposed to be directly related to several features associated with PCOS including 
hyperandrogenism, obesity, insulin resistance, infertility treatments and placental dys-
function. Three recent meta-analyses addressed pregnancy complications in PCOS,8–10 
and two additional studies have subsequently been published.11,12 All meta-analyses 
demonstrated that women with PCOS have an approximately three- to fourfold incre-
ased risk of pregnancy-induced hypertension (PIH) and preeclampsia (PE), a threefold 
increased risk of gestational diabetes (GDM) and a two-fold increased risk of preterm 
delivery. The meta-analyses were largely based on retrospective studies. 
To the best of our knowledge nine prospective studies currently exist.13–21 However, in 
most studies the sample sizes were small (all less than 140 PCOS patients included) and 
the spectrum of maternal, neonatal and obstetric complications studied was limited. 
Furthermore, a large part of the published studies did not distinguish between single-
ton and multiple pregnancies or did not adjust data for other potential confounders 
such as BMI or parity. Moreover, not all studies used the current Rotterdam criteria for 
PCOS diagnosis and only two studies distinguished between different PCOS phenoty-
pes (i.e. hyperandrogenic versus normo-androgenic women). This may diminish the 
capacity to establish causal relations between PCOS and pregnancy complications and 
adverse outcomes.
The aim of the current prospective study was to evaluate incidences of a large spectrum 
of maternal and neonatal complications in a well-defined cohort of women with hy-
perandrogenic as well as normo-androgenic PCOS. These women were followed from 
prior to conception until pregnancy and delivery and compared with a large populati-
on-based reference group.
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Materials & Methods

Study design 
Women with PCOS were prospectively recruited as part of the CoPPer study (Compli-
cation of PCOS Pregnancy: evaluating risk). In the CoPPer study, women diagnosed 
with PCOS and a wish to conceive were included prior to conception between April 
2008 and April 2012 in four large hospitals in The Netherlands. These women visited 
the hospital because of oligo- or anovulatory infertility. All women in this study under-
went standardized screening prior to conception as previously published.22,23 PCOS was 
diagnosed according to the Rotterdam consensus criteria, when at least two of the fol-
lowing criteria were present: clinical and/or biochemical hyperandrogenism, polycystic 
ovaries and oligo- or anovulation.1 Women were not included in case of pre-existing 
diabetes, when their age was <18 or >45 years, or in case of a language barrier. Since 
multiple pregnancies are known to be more often complicated, these pregnancies were 
excluded for the current study.24,25 
The reference group consisted of women recruited as part of the RESPECT (Risk ES-
timation for PrEgnancy Complications to provide Tailored care) study, a populati-
on-based prospective cohort of pregnant women recruited from December 2012 until 
December 2013. Women were included at booking appointment in the first trimester 
of pregnancy (up to 14 weeks) and subsequently received standard obstetrical care con-
form current Dutch practice. Only singleton pregnancies of women who conceived 
spontaneously were included for the current study. Women were excluded in case of 
pre-existing diabetes, age above 45 years, and miscarriage or termination of pregnancy 
before 24 weeks. 

Ethical approval
The CoPPer study was approved by the institutional review board of all participating 
centers and was registered with clinicaltrials.gov, number NCT00821379. The RES-
PECT study was approved by the institutional review board of the University Medical 
Centre Utrecht. Written informed consent was obtained from all women in both stu-
dies.

Study assessments 
All clinical assessments performed in women with PCOS have been extensively des-
cribed elsewhere.22,23 Prior to conception, total testosterone and sex hormone-binding 
globulin (SHBG) levels were assessed in all women with PCOS. A free androgen in-
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Table I. Demographic and pregnancy characteristics of women with PCOS compared to a reference population. 

Women with PCOS  
(n=188)

Reference group 
(n=2,889) P-value 

Pregnancy outcomes (singleton pregnancies)
Maternal age (years) 30.0 [27.0 - 32.0] 30.7 [27.9-33.5] <0.001

Ethnicity 0.84

European descent 171 (91.4) 2143 (91.0)

Non-European descent 16 (8.6) 212 (9.0)

Parity <0.001

nulliparous 139 (73.9) 1223 (42.3)

multiparous 49 (26.1) 1666 (57.7)

Occupational class 0.33

Low 18 (9.9) 213 (7.9)

Medium 50 (27.5) 865 (32.3)

High 114 (62.6) 1604 (59.8)

Smoking prior to conception 0.04

Never 124 (67.8) 1687 (61.8)

Quit 37 (20.2) 508 (18.6)

Current 22 (12.0) 535 (19.6)

Type 2 diabetes in first-degree relatives 0.40

No relatives 165 (87.8) 2471 (85.5)

1 or more relative(s) 23 (12.2) 418 (14.5)

Cardiovascular disease in first-degree relatives 0.24

No relatives 147 (79.5) 2393 (82.8)

1 or more relative(s) 38 (20.5) 496 (17.2)

Pregnancy characteristics (gestational age 12 weeks)
Pregnant after treatment <0.001

No treatment 26 (14.4) 2924 (100.0)

Ovulation induction (CC, FSH) 123 (68.0) 0 (0)
IVF/ICSI 28 (15.5) 0 (0)

BMI (kg/m2)  24.6 [21.8 - 27.7] 23.7 [21.5 - 26.6] 0.02

Systolic blood pressure (mmHg) 115.0 [110.0 - 120.0] 114.0 [107.0 - 120.0] 0.67

Diastolic blood pressure (mmHg) 70.0 [60.0 - 75.0] 68.0 [60.0 - 72.0] 0.14

Smoking during pregnancy 6 (3.2) 230 (8.0) 0.02

Legend: data are median [IQR] or number (%). CC, clomiphene citrate; FSH, follicle-stimulating hormone; IVF, in 
vitro fertilisation; ICSI, intracytoplasmic sperm injection; BMI, body mass index, PCOS, polycystic ovary syndrome
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dex (FAI) was calculated (Testosterone (nmol/L) x 100)/ SHBG (nmol/L)) in order to 
make a distinction within the PCOS group between hyperandrogenic (FAI > 4.5) and 
normo-androgenic (FAI < 4.5) women with PCOS. A HOMA-IR (glucose (mmol/L) x 
insulin (mIU/L)/22.5) was calculated to distinguish between insulin resistant women 
and non-insulin resistant women with PCOS; women were considered insulin resistant 
when: ((1/HOMA-IR) < 0.47).26 Women with PCOS and an ongoing pregnancy were 
followed intensively during pregnancy, as previously published.27 In short, every 3-4 
weeks weight and blood pressure were measured. All women with PCOS underwent an 
oral glucose tolerance test (OGTT) at 24-26 weeks of gestation in order to diagnose or 
rule out gestational diabetes (GDM). 
Women in the RESPECT study received antenatal care according to standard Dutch 
guidelines. At booking appointment blood pressure, weight, as well as maternal and 
obstetrical history were recorded. Gestational age was assessed by first-trimester crown 
rump length measurement at ultrasound examination. A fasting blood glucose level 
was measured to rule out pre-existing diabetes. At regular antenatal visits, blood pres-
sure and fetal growth by abdominal examination was measured. An OGTT was only 
performed if any risk factor was present (history of GDM, history of macrosomia (birth 
weight above 95th percentile), BMI at booking ≥ 30kg/m2, any type of diabetes in first 
degree relatives, non-Caucasian ethnicity, and history of unexplained intrauterine fetal 
death) or if there was any sign of GDM during pregnancy (macrosomia, polyhydram-
nios or polyuria).28 

Study outcomes
Maternal and neonatal outcomes were collected as part of both cohort studies and were 
based on data provided by health care professionals. 
In the PCOS group, GDM was diagnosed using a 100-g OGTT when two or more 
glucose levels exceeded the following thresholds: fasting glucose ≥ 5.3 mmol/L, 1 h 
glucose ≥ 10.0 mmol/L, 2 h glucose ≥ 8.6 mmol/L, 3 h glucose ≥ 7.8 mmol/L. Within 
the reference cohort, GDM was diagnosed using a 75-g OGTT when one or two of the 
following thresholds were exceeded: fasting glucose ≥ 7.0 mmol/L, 2 h glucose ≥ 7.8 
mmol/L.(WHO, 1999)
For all pregnancies, in both the PCOS as well as the reference group, pregnancy-in-
duced hypertension was diagnosed when the systolic blood pressure was measured 
twice ≥ 140 mmHg and/or the diastolic blood pressure was twice ≥ 90 mmHg.29 Preec-
lampsia was diagnosed as PIH in combination with proteinuria (≥ 300 mg per 24h or a 
spot urine protein/creatinine ratio of ≥ 30mg/mmol) or when the Haemolysis Elevated 
Liver Enzymes Low Platelets (HELLP) syndrome was present.28,29 
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Table II. Singleton pregnancy outcomes of women with polycystic ovary syndrome (PCOS) and the reference group 

Women with PCOS  
(n=188)

Reference group 
(n=2,889) P-value 

Demographic characteristics
Start of labour 0.01

Spontaneously 126 (67.0) 2181 (76.2)

Induction 51 (27.1) 516 (18.0)

Elective caesarean section 11 (5.9) 167 (5.8)

Gestational age at delivery (weeks) 39.7 [38.7 - 40.6] 40.0 [39.1 - 40.9] 0.001

Birth weight (g) 3355 [3005 - 3718] 3520 [3230 - 3870] <0.001

Birth weight percentiles 54.4 [26.1-72.9] 55.2 [31.2-78.2] 0.15

Maternal complications *a

Any maternal complication *b 61 (32.4) 335 (12.1) <0.001

Any hypertensive maternal complication *c 22 (11.7) 221 (7.6) 0.046

Pregnancy-induced hypertension 15 (8.0) 189 (6.5) 0.44 

Preeclampsia/HELLP 7 (3.7) 47 (1.6) 0.03

Gestational diabetes mellitus 43 (22.9) 129 (4.5) <0.001

Neonatal Complications *a

Any neonatal complication *b 46 (27.9) 557 (22.0) 0.08

Spontaneous premature birth 12 (6.4) 84 2.9) 0.01

Induced premature birth 5 (2.7) 38 (1.3) 0.13

Large for gestational age 16 (8.6) 335 (12.1) 0.14

Small for gestational age 17 (9.1) 174 (6.3) 0.14

Perinatal death 0 (0) 9 (0.3) 0.44

Legend: data are median [IQR] or number (%). *a In some subjects ≥ 1 complication occurred. *b Total number of subjects 
with a complication. *c Pregnancy-induced hypertension and preeclampsia/HELLP. HELLP, haemolysis elevated liver en-
zymes low platelets.

Neonatal outcomes were spontaneous and induced premature birth (i.e. < 37 weeks of 
gestation), small for gestational age (SGA; birth weight below the 10th population per-
centile), large for gestational age (LGA; birth weight above the 90th population percen-
tile) and perinatal death (foetal death or neonatal death within 7 days postpartum).30 
We composed composite endpoints for the presence of any maternal complication 
(GDM, PIH or PE), any maternal hypertensive pregnancy complication (PIH, PE or 
HELLP) and any neonatal complication (spontaneous or induced preterm birth, SGA, 
LGA or perinatal death). 
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Statistical analysis
All data were analysed using SPSS statistics (IBM SPSS Inc, Chicago, IL, USA version 
21.0).
Continuous data were presented as medians and interquartile ranges (IQR) and were 
compared using Mann-Whitney U tests. Categorical variables were presented as num-
ber and percentage and were compared using chi-square tests. P-values <0.05 were con-
sidered statistically significant. Baseline and pregnancy characteristics were compared 
between women with PCOS and women from the reference group. Furthermore, a 
subgroup analysis was performed in which women with hyperandrogenic, normo-an-
drogenic PCOS and the reference group were compared. Another subanalysis was 
performed within the PCOS group, between women who achieved a pregnancy spon-
taneously, by ovulation induction or by in vitro fertilisation/intracytoplasmic sperm 
injection. Univariate and multivariate logistic regression analyses were performed to 
calculate crude odds ratios (OR) and adjusted odds ratios (adjOR) with 95% confidence 
intervals (CI). The adjORs were adjusted for potential confounding variables based on 
literature (i.e. maternal age, BMI, parity, pregnancy after treatment and smoking dur-
ing pregnancy). 

Results

A total of 188 women with PCOS were included in the current study and the reference 
group consisted of 2,889 women. Table I shows the demographic, preconception and 
pregnancy characteristics at 12 weeks of gestation for both groups. Body mass index 
(BMI) was higher in women with PCOS (24.6 kg/m2 [21.8 - 27.7]) compared with the 
reference group (23.7 kg/m2 [21.5 - 26.6]; P = 0.02). The proportion of nulliparous 
women in the PCOS group was significantly higher compared with the reference group 
(73.9% vs. 42.3%; P < 0.001) 
Table II demonstrates that women with PCOS had more induced labours compared 
with the reference group (27.1% vs 18.0%; P = 0.01). Maternal complications were 
significantly more present in women with PCOS compared with the reference group 
(32.4% vs. 12.1%; P < 0.001), with a significantly increased incidence of gestational 
diabetes (22.9% vs. 4.5%; P < 0.001) and preeclampsia (3.7% vs 1.6%; P = 0.03). Af-
ter adjusting for confounding factors such as BMI, maternal age, parity, pregnancy af-
ter treatment (yes/no) and smoking during pregnancy (Table III), only the incidence 
of GDM was significantly higher in women with PCOS compared with the reference 
group (adjOR 4.15; 95% CI 2.07 - 8.33).
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Neonates of women with PCOS were born slightly earlier compared with the reference 
group (39+5 vs 40+0 weeks; P = 0.001). After adjustment for confounding variables, the 
incidence of an infant from a woman with PCOS being small for gestational age (SGA) 
was higher compared with the reference group (adjOR 3.76; 95% CI 1.69 – 8.35), and 
the incidence of preterm delivery due to labour induction was also significantly higher 
(adjOR 7.77; 95% CI 1.81 – 33.40). 
Table IV and Figures 1a-c show the results of the subgroup analysis comparing wom-
en with hyperandrogenic PCOS (n=76; 43.9%) and normo-androgenic PCOS (n=97; 
56.1%) with the reference group. The androgen status was unknown for 15 women with 
PCOS. 
There was a significantly increased incidence of maternal complications in women with 
hyperandrogenic PCOS compared with normo-androgenic women with PCOS (44.7% 
vs. 23.7%; P=0.003; Figure 1). After adjustment for confounders only hyperandrogenic 
women had an increased incidence of any maternal complication (adjOR 2.67, 95% CI 
1.27 – 5.61) compared with the reference group. The incidence of GDM was increased 

Table III.  Univariate and multivariate logistic regression analysis of the pregnancy outcomes in women with 
PCOS compared with the reference group. 

Odds ratio 
(95% CI)

Adjusted odds ratio*a 
(95% CI)

Pregnancy outcomes (singleton pregnancies)
Maternal complications

Any maternal complication *d 3.40 (2.45 - 4.73) 2.03 (1.10 - 3.73)

Any hypertensive maternal complication *e 1.60 (1.01 - 2.55) 1.64 (0.59 - 4.53)

Pregnancy-induced hypertension 1.24 (0.72 - 2.14) 1.27 (0.42- 3.82)

Preeclampsia/HELLP 2.34 (1.04 - 5.25) 2.73 (0.38 - 19.56)

Gestational diabetes mellitus 6.35 (4.32 - 9.31) 4.15 (2.07 - 8.33) 

Neonatal Complications 

Any neonatal complication *d 1.26 (0.90 - 1.77) 1.69 (0.98 - 2.92)

Spontaneous premature birth 2.28 (1.22 - 4.25) 0.75 (0.21 - 2.77)

Induced premature birth 2.05 (0.80 - 5.27) 7.77 (1.81 - 33.40)

Large for gestational age 0.68 (0.40 - 1.14) 0.77 (0.36 - 2.14)

Small for gestational age 1.49 (0.88 - 2.50) 3.76 (1.69 - 8.35)

Legend: *a odds ratio adjusted for BMI, maternal age, parity,  pregnancy after treatment (yes/no), smoking du-
ring pregnancy. *b per 100 grams *c per 10th percentile. *d In some subjects ≥ 1 complication occurred. 
*e Pregnancy-induced hypertension and preeclampsia/HELLP. CI, confidence interval; HELLP, haemolysis ele-
vated liver enzymes low platelets.
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Figure 1 a-c. Differences between hyperandrogenic women with PCOS, normo-androgenic women with PCOS 
and the reference group regarding any maternal complication, any hypertensive maternal complication and any 
neonatal complication. 

Legend: Hyperandrogenism was determined at intial screening before conception in women with PCOS. Any 
maternal complication that might occur: gestational diabetes (GDM), pregnancy-induced hypertension (PIH) 
and preeclampsia (PE)/HELLP. HELLP, haemolysis elevated liver enzymes low platelets. Any hypertensive ma-
ternal complication that might occur: PIH and PE/HELLP. Any of the neonatal complications that might occur: 
spontaneous or induced premature birth, large for gestational age, small for gestational age and perinatal death. 
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Figure 2 a-c. Differences in women with PCOS who achieved a pregnancy spontaneously, with ovulation in-
duction or IVF/ICSI regarding any maternal complication, any hypertensive maternal complication and any 
neonatal complication
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in both the normo-androgenic (15.5%; adjOR 3.17, 95% CI 1.28 – 7.84) and the hyper-
androgenic PCOS group (34.2%; adjOR 5.65, 95% CI 2.49 – 12.81) compared with the 
reference group (4.5%; IV). Also, the incidence of SGA infants was higher in both the 
normo-androgenic (8.3%; adjOR 3.26, 95% CI 1.27 – 8.36) and the hyperandrogenic 
PCOS group (11.8%; adjOR 5.25, 95% CI 2.00 – 13.81) compared with the reference 
group (6.3%). 
Figures 2a-c show the results of the subgroup analysis comparing women within the 
PCOS group who achieved a pregnancy spontaneously (14.7%), by ovulation induction 
(69.5%) or through in vitro fertilisation/intracytoplasmic sperm injection (IVF/ICSI) 
(15.8%). For 11 women with PCOS their mode of conception was unknown. Any ma-
ternal complication was more often present in women who became pregnant with IVF/
ICSI (42.9%) compared with women who became pregnant with ovulation induction 
(29.3%) or spontaneously (38.5%; Figure 2a), however this difference was not statisti-
cally significant. There were also no significant differences in incidences of any hyper-
tensive maternal complications or neonatal complications between the groups (Figure 
2b-c). 
The subanalysis in which insulin resistant (24.6%) and non-insulin resistant women 
(75.4%) were compared within the PCOS groups demonstrated no differences in the 
incidence of maternal or neonatal complications, except of course for the incidence of 
GDM (58.6% vs 19.1% respectively) (P < 0.001). 

Discussion

In the current study, the incidence of maternal and neonatal complications in singleton 
pregnancies was compared between women with PCOS initially presenting with oligo- 
or anovulatory infertility and a population-based reference cohort. We observed that 
women  previously diagnosed with PCOS exhibit an increased incidence of maternal 
and neonatal complications, including GDM, induced preterm birth, and SGA. Within 
the group of women with PCOS the incidence of pregnancy complications was predo-
minantly increased in the hyperandrogenic phenotype. 
In the current study, GDM was the most frequently observed pregnancy complicati-
on in women with PCOS and showed a distinctly increased incidence compared with 
the reference group (adjOR 4.15). Three recently published meta-analyses concerning 
pregnancy complications in women with PCOS demonstrated comparable risks for 
GDM (ORs between 2.82 - 3.66).8–10 A limitation of our study may be that all women 
with PCOS received an oral glucose tolerance test (OGTT) at 24-26 weeks of gestation, 



Chapter 4

4

98

whereas the women in the reference group only underwent this test when indicated 
(e.g. based on risk factors for GDM, excessive foetal growth observed on ultrasound, 
polyhydramnios or polyuria). Therefore, the incidence of GDM in the reference group 
might be underestimated. 
On the other hand, the number of women with GDM in the PCOS group might be 
overestimated, because of the higher OGTT glucose load that was used (100-g). The 
CoPPer study was conducted between 2008-2012 and according to Dutch guidelines 
at that time GDM was diagnosed after a 100-g glucose load with certain thresholds.31 
Currently, like in the reference group, GDM is diagnosed (according to current Dutch 
guidelines) after a 75-g glucose load.32 However, the consumption of insulin in women 
with PCOS who developed GDM was significantly higher compared with the reference 
group (6.4% vs. 0.8%; P<0.001; data not shown), which supports the finding of the 
higher incidence of GDM in the PCOS group.   
Additionally, the incidence of PE was increased in women with PCOS. However, this 
was not statistically significant after adjusting for possible confounding variables. In 
contrast, earlier studies found an evidently increased incidence of PE (ORs between 
2.17 - 4.23) and PIH (ORs between 3.67 – 4.07). However, no difference in incidences 
of PIH was found comparing our study group with PCOS with the reference group. 
These discrepancies could be explained by the fact that not every study included in the 
meta-analyses adjusted for confounding factors such as maternal age and parity.
Interestingly, despite the high incidence of GDM in women with PCOS, the impact 
on newborns health seems modest. The most important finding in neonates was that 
women with PCOS delivered significantly more SGA infants (adjOR 3.76). This was 
demonstrated in one of the meta-analyses as well (OR 2.62).9 A possible explanation for 
this finding could be the good glycemic control;33 every woman underwent an OGTT 
and in case of developing GDM  a treatment by diet or insulin was started. Another 
cause could be aberrant placentation.34 Placentas of women with PCOS show signs of 
thrombosis and infarction,35 which may be an explanation for the high number of SGA 
infants.36–38 However, in case of altered placentation, we would have expected higher 
incidences of PE in our study group. Therefore, this finding remains remarkable and 
should be explored in additional studies.
The presence of induced premature birth was only significantly increased after adjust-
ing for confounding variables (adjOR 7.77). This could be explained by the higher in-
cidence of GDM and hypertensive pregnancy complications in our PCOS population, 
since such complications could represent an indication for the induction of labour. 
Earlier studies demonstrated a higher incidence of premature birth in women with 
PCOS (OR 1.75- 2.20). No distinction was made, however, between spontaneous and 
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induced premature birth.8–10

We also performed a subgroup analysis among women with hyperandrogenic PCOS 
and normo-androgenic PCOS. The BMI of hyperandrogenic women was significantly 
higher compared with normo-androgenic women with PCOS and the reference group, 
which might explain why women with hyperandrogenic PCOS more often devel-
op pregnancy complications. After adjusting for BMI, women with hyperandrogenic 
PCOS still present with an almost threefold (adjOR 2.67) increased incidence of ma-
ternal complications. Women with hyperandrogenic PCOS also exhibit an evidently 
increased incidence of induced preterm delivery (adjOR 12.04) and delivery of a small 
for gestational age infant (adjOR 5.25) compared with the reference group. This sug-
gests that hyperandrogenism per sé may play an important role in the development of 
pregnancy complications. So far, only two studies concerning pregnancy complications 
were performed that distinguished between the phenotypes.12,39 One of these studies 
distinguished between four different PCOS phenotypes.1,39 An increased incidence of 
maternal and neonatal complications was demonstrated in women with the full-blown 
(hyperandrogenic), the non-PCOS (hyperandrogenic) and the normo-androgenic 
phenotype compared with the ovulatory (hyperandrogenic) phenotype. These results 
are not in agreement with our finding which may be related to the limited sample size 
of the previous investigation (less than 10 participants in two of the four groups). An-
other retrospective study demonstrated a more than twofold increased incidence of 
complications in hyperandrogenic PCOS, including preeclampsia and preterm delivery 
and no increased incidence of pregnancy complications in normo-androgenic PCOS.12 
The key role of hyperandrogenism in the development of pregnancy complications was 
supported by a recent study of our own group demonstrating that placenta morphology 
of women with hyperandrogenic PCOS is more aberrant.35

It should be acknowledged that we cannot with certainty exclude the presence of PCOS 
in the reference group. However, only spontaneous pregnancies were included in the 
reference group reducing the chance of including PCOS. Moreover, androgens were 
not determined in the reference group so the distinction between hyperandrogenic and 
normo-androgenic women could not be made in this group. 
Collectively, women with PCOS with a singleton pregnancy present with a distinctly 
increased incidence of pregnancy complications, including GDM, induced preterm de-
livery and the delivery of a SGA infant. This increased incidence of pregnancy compli-
cations applies mainly to women with hyperandrogenic PCOS. Despite the high preg-
nancy complication rate in women with PCOS, its effect on neonates seems modest. 
However, its implications for child and adult future health remain uncertain. Although 
we believe that all women with PCOS should be identified before conception and un-
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dergo an OGTT during pregnancy, the added value of more intensive monitoring and 
early interventions during pregnancy with compounds such as insulin sensitizers in 
women with PCOS during pregnancy and after delivery remains to be investigated. 

27,34,40 On the other hand, the relatively low incidence of neonatal complications might 
be a result of the intensive monitoring in the PCOS study group. Further research is 
needed to assess the long-term effects of pregnancy complications in women with 
PCOS on the health of both mothers and their offspring.  
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Study Question
How does insulin action change during pregnancy in women with polycystic ovary 
syndrome (PCOS) who develop gestational diabetes (GDM) compared to women with 
PCOS who do not?

Summary answer 
Women with PCOS who develop GDM already show disturbed insulin action early in 
pregnancy.
What is known already: Pregnant women with PCOS are at increased risk of deve-
loping GDM compared to women without PCOS.

Study design, size, duration
This study represents a post-hoc analysis of a subgroup of pregnant women with PCOS 
participating in a multicentre prospective cohort study. A total of 72 women were in-
cluded. 

Participants/materials, setting, methods
Women with PCOS and a wish to conceive were included before conception and fol-
lowed during pregnancy. Insulin, glucose, homeostatic model of insulin resistance 
(HOMA-IR), sex hormone-binding globulin (SHBG) and testosterone were analysed 
at three different time points in women who developed GDM and women who did not.

Main results and the role of chance
Seventy-two pregnant women with PCOS were included of which 22 (31%) women 
developed GDM. Both insulin levels and HOMA-IR were significantly higher at each 
sampling point in women with PCOS who developed GDM. SHBG levels were signifi-
cantly lower before conception and in the second trimester compared to women who 
did not develop GDM. Testosterone concentrations were significantly lower before 
conception in women who developed GDM. After adjusting for BMI, waist circumfe-
rence and waist/hip ratio, the differences in insulin, HOMA-IR, SHBG and testosterone 
levels remained largely the same.

Limitations, reasons for caution
Selection bias cannot be excluded since only women from one centre with a complete 
blood sampling set were included in this study.
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Wider implications of the findings
The knowledge that women with PCOS who develop GDM already have a disturbed in-
sulin action early in pregnancy is likely to be useful in considering the pathophysiology 
processes underlying this disorder in this specific group of women.

Introduction

Gestational diabetes (GDM), one of the most common complications of pregnancy, 
has become a serious health problem worldwide, due to its increasing incidence with 
reported values as high as 0.4-7.3% of all pregnancies.1 GDM is associated with distinct 
short-term and long-term effects on both mother (e.g. metabolic syndrome, type 2 di-
abetes) and child (e.g. large for gestational age, impaired postnatal growth, childhood 
obesity, type 2 diabetes).1–3 
During normal pregnancy, a state of insulin resistance develops in order to provide 
sufficient nutrition for the fetus. Additionally, glucose levels and free fatty acids rise and 
insulin production in the mother increases. Sensitivity for insulin is highest around 13 
weeks of gestation and decreases during the rest of the pregnancy resulting in the lo-
west sensitivity for insulin in the third trimester.4 Women develop GDM when there is 
a lack of insulin action in body tissues.5–7 This condition resolves directly after delivery.4 
Women who are obese, have an evidently increased risk of developing GDM.8 
Women with polycystic ovary syndrome (PCOS) also have an increased risk of deve-
loping GDM, likely due to higher insulin resistance before pregnancy.9,10 PCOS, charac-
terized by oligo- or anovulation, clinical (acne, hirsutism) or biochemical hyperandro-
genism and polycystic ovaries, is present in 6-15% of women of reproductive age.11,12 
PCOS is often accompanied by infertility, obesity, insulin resistance, and dyslipidae-
mia.13 Our group has previously proposed that women with PCOS who are at risk of 
developing GDM can be identified even before conception.14 Another study demon-
strated that sex hormone-binding globulin (SHBG) in the first trimester is a predictor 
for GDM and that women who develop GDM have significantly higher testosterone 
concentrations compared to controls.15 An in vitro study showed that hyperinsulinae-
mia reduces the synthesis of SHBG in the liver.16 During normal pregnancy, testostero-
ne levels increase, however the physiological mechanism remains unclear. In PCOS 
pregnancy, hyperandrogenism could be explained by high insulin levels, which inhibit 
the placental aromatase activity which converts androgens to oestrogens. Moreover, it 
is suggested that increased insulin levels during pregnancy could stimulate androgen 
production directly.17 
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Data of mechanisms of pregnancy complications in women with PCOS are scant, and 
usually address comparisons between women with PCOS versus women with normal 
cycles. We compared levels of insulin, glucose, homeostasis model assessment insu-
lin resistance (HOMA-IR), SHBG and testosterone in women with PCOS throughout 
pregnancy to gain more understanding in the course of development of GDM. We 
hypothesise that in women with PCOS who develop GDM, insulin sensitivity is already 
disturbed early in pregnancy with consecutively higher glucose levels, lower SHBG 
levels and higher testosterone concentrations compared to women with PCOS who do 
not develop GDM.

Materials & Methods

Design
This study was part of the CoPPer study (Complications of PCOS Pregnancy: evalua-
ting risk), a large prospective multicentre study in the Netherlands. Women diagnosed 
with PCOS and a wish to conceive were included between April 2008 and April 2012 
in four hospitals in The Netherlands.14 PCOS was diagnosed according to the Rotter-
dam 2003 consensus criteria, when two of the three following criteria were present: 
Oligo- or anovulation, clinical or biochemical hyperandrogenism and polycystic ova-
ries.12 After PCOS was diagnosed, standardized phenotyping followed.12 Women were 
excluded in case of missing data, age < 18 years or > 45 years, a language barrier and 
pre-existing type 2 or type 1 diabetes mellitus. For this post-hoc analysis, women who 
were included at the University Medical Centre Utrecht (UMCU) and of whom blood 
assessments at three different sampling moments were available.

Ethical approval
 The CoPPer study was approved by the institutional review board of the UMCU. All 
women who participated in this study gave written informed consent. The study was 
registered with Clinicaltrials.gov, number NCT00821379. 

Legend Table I: *a Ferriman Gallwey score >8.  *b P-values were calculated based on the comparison of women 
who developed GDM with women who did not develop GDM. CC, clomiphene citrate; FSH, follicle-stimulating 
hormone; IVF/ICSI, in vitro fertilisation/intracytoplasmic sperm injection; BMI, body mass index; HOMA-IR, 
homeostasis model assessment insulin resistance.
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Table I. Baseline characteristics before conception of women with polycystic ovary syndrome (PCOS) who developed 
gestational diabetes (GDM) and women who did not. Data are median [interquartile range] or number (%).  

Total study group 
(n= 72)

Women who deve-
loped GDM (n=22)

Women who did 
not develop GDM 

(n=50) P Value*b

Demographic characteristics
Maternal age (years) 29.6 [26.8-31.8] 30.5 [27.9-34.5] 29.0 [26.8-31.1] 0.09

Ethnicity 0.01

European descent 67 (93%) 18 (82%) 49 (98%)

Non-European descent 5 (7%) 4 (18%) 1 (2%)

Smoking 6 (8%) 2 (9%) 4 (8%) 0.75

Cycle disorder 0.63

Oligomenorrhoea 55 (67%) 16 (73%) 39 (78%) 

Amenorrhoea 17 (24%) 6 (27%) 11 (22%)

Pregnancy after treatment (n=71) 0.07

No treatment 9 (13%) 3 (14%) 6 (12%)

Ovulation induction (CC, FSH) 49 (69%) 13 (59%) 36 (72%)

IVF/ICSI 13 (18%) 6 (27%) 7 (14%)

Clinical measures (preconception)
BMI (kg/m2)  24.4 [21.6-28.9] 27.4 [22.7-33.8] 23.8 [21.2-28.1] 0.06

Waist circumference (cm) 84 [75.0-95.0] 94.5 [77.0-103.3] 81.0 [73.0-89.0] 0.01

Waist/hip ratio 0.8 [0.7-0.9] 0.9 [0.8-0.9] 0.8 [0.7-0.8] 0.004

Metabolic syndrome 10 (14%) 8 (36%) 2 (4%) <0.001

Polycystic ovaries 71 (99%) 22 (100%) 49 (98%) 0.50

Acne 16 (22%) 6 (27%) 10 (20%) 0.49

Hirsutism*a 5 (7%) 1 (5%) 4 (8%) 0.60

Fasting glucose (mmol/L) 5.0 [4.8-5.3] 5.1 [4.9-5.3] 5.0 [4.7-5.1] 0.08

Fasting insulin (mU/L) 6.0 [4.0-9.8] 9.0 [6.0-13.3] 4.0 [3.0-8.0] <0.001

HOMA-IR 1.3 [0.8-2.1] 2.1 [1.4-2.9] 0.9 [0.7-1.8] <0.001

Testosterone (nmol/L) 2.3 [1.7-2.8] 1.9 [1.5-2.6] 2.3 [1.8-2.9] 0.19

Sex hormone-binding globulin 
(nmol/L) 

57.5 [40.0-76.5] 39.0 [25.8-49.8] 63.5 [49.3-85.0] <0.001

Free androgen index 3.85 [2.55-6.19] 5.65 [3.08-9.80] 3.07 [2.36-5.70] 0.01

Delivery 
Gestational age at delivery 39.3 [38.3-40.4] 39.1 [38.5-39.9] 39.6 [38.7-40.7] 0.11

Birth weight (g) 3405 [2923-
3710]

3363 [2860-3738] 3405 [2975-
3721]

0.995
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Clinical assessments
All women underwent standardized preconception screening upon inclusion, as des-
cribed previously.18 This screening included a questionnaire, a physical examination, a 
transvaginal ultrasound scan of the uterus and ovaries, and metabolic and endocrine 
measurements. Based on the Adult Treatment Panel III (ATP III) criteria, metabolic 
syndrome was diagnosed when three or more of the following features were present: 
waist circumference >88cm, blood pressure ≥130mHg/≥85mmHg, fasting glucose 
≥5.6mmol/L, triglycerides ≥1.7mmol/L, high density lipoprotein (HDL) cholesterol 
≤1.3mmol/L.19 The free androgen index (FAI) was calculated before conception: [(tes-
tosterone (nmol/L) x 100)/ SHBG (nmol/L)]. Women with a FAI of >4.5 are consi-
dered to be hyperandrogenic.20 All women underwent an oral glucose tolerance test 
prior to conception (OGTT; 75-g glucose load, 2 hour follow-up) in order to rule out 
pre-existing type 2 diabetes.21 Subsequently, most women started fertility treatment by 
ovulation induction because of oligo- or anovulation. Metabolic and endocrine measu-
rements were repeated one year after preconception screening, only when a pregnancy 
was not yet achieved.
When pregnancy was achieved, subjects received obstetric care according to national 
guidelines. According to these guidelines, no metformin was used in these patients, 
neither was it given before conception. At 10-12 weeks of gestational age, a venous 
blood sample was obtained and spare serum was stored. GDM was diagnosed or ruled 
out in the second trimester, at a gestational age of 24-26 weeks, when all women under-
went an oral glucose tolerance test (100-g glucose load, 3 hour follow-up). When two 
or more plasma glucose levels exceeded the given threshold after a 100-g glucose load, 
GDM was diagnosed: fasting glucose ≥5.3 mmol/L, 1 hour glucose ≥10.0 mmol/L, 2 
hour glucose ≥8.6 mmol/L, 3 hour glucose ≥7.8 mmol/L 22. Neonatal hypoglycaemia 
was defined as a glucose level <2.6mmol/L. Definitions of other adverse outcomes have 
been described previously.14 
Blood samples were all drawn after overnight fasting. Glucose, insulin, SHBG, and 
total testosterone levels were determined at three, or in some cases four, moments: 
1) at standardized screening before conception, 2) one year after screening (i.e. if not 
yet pregnant), 3) in the first trimester, at 10-12 weeks of gestational age, and 4) in the 
second trimester, at 24-26 weeks of gestational age (when GDM was diagnosed or ru-
led out). Subsequently, the HOMA-IR score was calculated for each sampling time: 
[(glucose (mmol/L) x insulin (mU/L))/22.5]. Because blood sampling cannot be per-
formed at the beginning of pregnancy, the most recent blood assessment before con-
ception was used as a proxy for baseline marker levels. This blood sample was not taken 
into account if the time between blood withdrawal and pregnancy was more than 1.5 
years (547 days).   
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verification of its purity.

Statistical analysis
Baseline characteristics were compared between women who developed GDM and 
women who did not. Chi-square tests were used to calculate P values for categorical 
variables and Mann-Whitney U tests were performed on continuous variables.
Differences between GDM and non-GDM pregnancies in the longitudinal course of 
fasting insulin, fasting glucose, HOMA-IR, SHBG, and testosterone at three different 
sampling moments were assessed by performing a linear mixed model analysis, using 
the three sampling moments as a categorical variable. A logarithmic transformation 
was applied to the values, and differences were tested both in level (main effect) and in 
pattern over time (interaction of GDM group with time). All analyses, except for the 
baseline characteristics, were adjusted for BMI, waist circumference and waist/hip ra-
tio. Only the P values of the models adjusted for BMI are shown in the results section. 
After these univariate analyses, we performed a multivariate logistic regression analysis 
with backward elimination to find out which parameters have a direct association with 
GDM. 
All data were analysed using SPSS Statistics (IBM SPSS Inc, Chicago, IL, USA version 
20.0) and R version 2.9.0. (http://www.r-project.org/).

Glucose levels were already measured as part of the 
CoPPer study; the other parameters were measured for 
this post-hoc analysis. Blood samples were analysed at 
the laboratory of the UMCU. Glucose concentrations 
were determined using the Beckman DxC clinical che-
mistry analyser. Insulin and SHBG concentrations were 
measured using an electrochemiluminescence im-
munoassay on the Modular E170 (Roche Diagnostics 
GmbH, D-68298 Mannheim, Germany). Testosterone 
was measured after diethylether extraction using an 
in house competitive radio-immunoassay employing 
a polyclonal anti-T-antibody (Dr.Pratt AZG 3290). 
[1,2-3H(N)]-T (NET-387, DuPont NEN Nederland 
B.V.) was used as a tracer following chromatographic 

UMC Utrecht
(n=106)

Ongoing pregnancy
(n=189)

CoPPer study 
inclusions 
(n=326)

Complete blood sampling 
(n=72)

Figure I. Flowchart of the study 
inclusions
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Results

In the CoPPer study 326 women with PCOS and a wish to conceive were included prior 
to conception. An ongoing pregnancy was achieved in 189 (58%) of these women. A 
total of 106 (56%) women were included at the UMC Utrecht. The blood assessment set 
was complete in 72 (68%) women who were therefore included in this study (Figure I). 
Twenty-two (31%) of these women were diagnosed with GDM at 24-26 weeks of gesta-
tion. Twelve (55%) women were treated with a diet after diagnosis, nine (41%) with a 
diet and insulin and the treatment of one (5%) woman was unknown. 
Baseline characteristics at standardized screening prior to conception for women who 
did and did not develop GDM are shown in Table I. Women who developed GDM had 
a significantly higher waist circumference (P=0.012), waist/hip ratio (P=0.004), fasting 
insulin level (P<0.001), HOMA-IR (P<0.001), FAI (P=0.006) and a higher incidence of 
metabolic syndrome (P<0.001) compared to women who did not develop GDM. SHBG 
levels were significantly lower (P<0.001) in women who developed GDM. The number 
of women of non-European descent was significantly higher in the GDM group than in 
the non-GDM group (P=0.013). The weight gain (Table II) compared to before concep-
tion in the GDM group was not statistically different from the non-GDM group in the 
first and second trimester, with P values of 0.626 and 0.766 respectively. 
Changes in glucose, insulin, HOMA-IR, SHBG, and testosterone from before concep-
tion, during pregnancy until the second trimester in women who developed GDM ver-
sus women who did not, are shown in Table II and Figures 2A-2E. After adjustment for 
BMI, glucose levels were significantly different (P<0.001) between the groups in the 
second trimester (Figure 2A). The glucose model remained unaffected after adjustment 
for waist circumference and waist/hip ratio. Glucose concentrations changed signifi-
cantly over time (P=0.003). This pattern was significantly different between women 
with GDM and women without GDM, i.e. there was a stronger increase of glucose 
levels in women who develop GDM. 
At all sampling moments, and after adjustment for BMI, insulin concentrations were 
significantly higher in women who developed GDM compared to women who did not 
(Figure 2B). The insulin model remained unaffected after adjustment for waist cir-
cumference and waist/hip ratio. Insulin levels changed significantly over time in both 
groups (P<0.001). This pattern was similar for women who developed GDM and wo-
men who did not develop GDM. 
After adjustment for BMI, HOMA-IR was significantly increased at all sampling mo-
ments in women who developed GDM compared to women who did not (Figure 2C). 
The HOMA-IR model also remained unaffected after adjustment for waist circumfe-
rence and waist/hip ratio. HOMA-IR did not change significantly over time. 
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SHBG concentrations turned out to be significantly lower before conception (P<0.001) 
and during the second trimester (P=0.004) in the GDM group compared to the non-
GDM group (Figure 2D). The SHBG model remained unaffected after adjustment for 
waist circumference and waist/hip ratio. In both groups, the SHBG concentrations also 
increased significantly over time (P=0.015). This pattern was significantly different 
between the groups, i.e. the increase in SHBG was stronger in the non-GDM group 
(P<0.001). 
Women who developed GDM had a significantly lower testosterone concentration be-
fore conception (P=0.03) compared to women who did not (Figure 2E). The testostero-
ne model remained unaffected after adjustment for waist circumference and waist/hip 
ratio and testosterone concentrations did not change significantly over time.
After multivariate analysis with backward elimination, only HOMA-IR turned out to 
have a direct effect on the development of GDM (P<0.001), whereas the other parame-
ters (insulin, SHBG and testosterone) did not. Glucose was not included in the multi-
variate analysis, since GDM was diagnosed based on glucose levels. 

Discussion

The current study was a post-hoc analysis of a subgroup of women with PCOS partici-
pating in a previously published prospective cohort study.14 Levels of glucose, insulin, 
HOMA-IR, SHBG and testosterone were assessed before conception as well as in the 
first and second trimester of pregnancy and were compared between women who did 
or did not develop GDM. We have demonstrated that women with PCOS who develo-
ped GDM already have significantly higher insulin concentrations and HOMA-IR sco-
res before conception compared to women who did not, a pattern that persists during 
the first and second trimester of pregnancy. SHBG was significantly decreased at these 
moments in the GDM group and testosterone was only decreased prior to conception.
A remarkably high incidence (31%) of GDM was observed in our population of women 
with PCOS, even while the women participating in this study had a relatively low BMI. 
This increased incidence could be explained by the higher BMI and high incidence of 
metabolic syndrome in women with PCOS. However, after adjusting for BMI, there 
was still a significant difference in the levels of the assessed parameters between the 
two groups. 
As can be explained by the fact that GDM diagnosis is based on glucose levels, these 
levels were significantly higher in the second trimester of pregnancy in women who 
developed GDM compared to women who did not. During the course of normal preg-
nancy in healthy women, physiological insulin resistance develops with the highest 
level of resistance in the third trimester and the highest level of insulin sensitivity in the 
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late first trimester.4,6,7,23 The mechanism of insulin resistance is not yet fully understood, 
but it is suggested to be caused by the elevation of free fatty acids during pregnancy.24 
One study compared healthy women who developed GDM to healthy women who 
were normal glucose tolerant during pregnancy.25 In that study, women who developed 
GDM had increased insulin levels compared to the normal glucose tolerant group, but 
with the same low glucose levels in the first trimester of pregnancy.25 Based on these 
results, we expected that insulin sensitivity in the GDM group might be not as high 
compared to physiological pregnancies in the first trimester, with compensatory higher 
insulin concentrations and higher HOMA-IR scores as a result. Glucose concentra-
tions were expected to be low or normal due to the expected higher insulin levels in 
the GDM group. In our study, we indeed found increased insulin and HOMA-IR levels 
in the GDM group with normal glucose levels in the first trimester. Possibly, insulin 
sensitivity in women who develop GDM is not as high as in normal glucose tolerant 
women in the first trimester, with increased insulin concentrations as a result in order 
to keep glucose concentrations within normal ranges. In addition, insulin levels and 
HOMA-IR levels were already significantly increased prior to conception in the GDM 
group compared to the non-GDM group. These findings fit the hypothesis that the risk 
of developing GDM is already present early in pregnancy. 
In women with PCOS, pregnancy complications are associated with higher androgen 
levels and increased insulin resistance compared to women with PCOS who have un-
complicated pregnancies.26 It has been reported that during normal pregnancy, SHBG 
levels increase around five- to tenfold due to the placental oestrogen production.27 On 
the other hand, SHBG levels also decrease due to inhibition of SHBG synthesis by 
hyperinsulinaemia.16 In our study, SHBG strongly increased during pregnancy in both 
study groups. However, SHBG levels were significantly lower before conception and 
during the second trimester in the GDM group compared to the non-GDM group. A 
possible explanation for this observation is that the hyperinsulinaemia associated with 
GDM may have an attenuating effect on SHBG secretion caused by placental oestro-
gens. 
Testosterone concentrations were slightly increased during pregnancy in women who 
developed GDM compared to women who did not, although these differences were not 
statistically significant. In contrast, testosterone was significantly lower before concep-
tion in women who developed GDM. Since testosterone is significantly correlated to 
SHBG27–29, the rise in testosterone concentrations during pregnancy could be explained 
by the observed increase of SHBG. Since the increase of SHBG was higher in women 
who developed GDM compared to women who did not, testosterone might also in-
crease more in women who develop GDM. However, despite the low total testostero-
ne concentrations before conception, women who developed GDM were considerably 
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more hyperandrogenic (FAI 5.65) than women who did not (FAI 3.07). This is suppor-
ted by the finding that the hyperandrogenic PCOS phenotype seems to be more insulin 
resistant than the non-hyperandrogenic phenotype.30

A limitation of this substudy was that potential selection bias could have occurred, sin-
ce only women with complete blood sampling in the UMCU were selected for analysis. 
Women who were potentially at risk for a complicated pregnancy before conception 
could be more motivated for blood sampling than women who were not. However, 
after comparing demographic characteristics, BMI and the occurrence of GDM during 
pregnancy, no significant differences were found between women who were included 
versus women who were not (data not shown). Further, shortly after our study ended, 
a new guideline was published by the American Diabetes Association posing the 75-g 
OGTT as test of choice using the exact same cut-off points as the 100-g OGTT.31 This 
means that the number of women who developed GDM in our study might be overesti-
mated. However, we expect that the differences in all parameters between women who 
developed GDM and women who did not, would have been even larger when the new 
guidelines had been followed. Another limitation is the fact that all women in our stu-
dy population only underwent an OGTT at 24-26 weeks of gestation according to the 
study protocol and Dutch guidelines. Women can develop GDM later on in pregnancy 
and therefore there might be a few women in the non-GDM group who eventually 
developed GDM. However, based on maternal and neonatal outcomes in our study, 
we have no reason to assume that this might have occurred. Finally, we did not make a 
distinction between different PCOS phenotypes. Yet, these phenotypes have different 
metabolic features and associations might therefore be different within phenotypes. 
Because of the sample size of the GDM group, we decided not to perform subgroup 
analysis, because effect sizes would become too small.
In conclusion, this study showed a significantly disturbed insulin action in women 
with PCOS who develop GDM compared to women who do not. However, there is 
still overlap between groups, so there are probably more mechanisms and pathways 
contributing to the development of GDM. With this study, more understanding in the 
course of insulin action was achieved in women with PCOS during pregnancy and 
the development of GDM. This can be useful considering the pathophysiology of this 
disorder in this specific group of women. By performing high-powered studies, future 
research could focus on the prediction of GDM, with the aim to reduce the prevalence 
of GDM and adverse consequences for both mother and baby. 
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What is known and study question
Non-obese women with PCOS who conceived spontaneously have a significantly re-
duced placental volume and weight, with more chronic villitis and intervillositis com-
pared with healthy controls. Are macroscopic and microscopic placental characteris-
tics in a heterogeneous group of women diagnosed with polycystic ovary syndrome 
(PCOS) different from those of a low-risk general population? 

Study answer
Women with PCOS have significantly different microscopic placental characteristics 
compared with control women, independently from pregnancy complications. 

Study design and methods
A subset of a large prospective cohort study of pregnant women with PCOS was used. 
Healthy (low-risk) women who delivered at term after an uncomplicated pregnancy 
were used as the reference population. The placentas of 73 women with PCOS were 
analysed and compared with 209 placentas of healthy women. Placentas were collected 
after delivery from women with PCOS who were followed from prior to conception 
until delivery. The placentas were macroscopically and microscopically analysed and 
compared with placentas of healthy women with either a spontaneous start of labour 
who delivered at term or who had an elective Caesarean section.

Main results and the role of chance
After adjusting for potential confounders, placentas from women with PCOS showed 
more chorioamnionitis (P<0.001), funisitis (P=0.019), villitis (P=0.045), thrombosis 
(P=0.018), infarction (P=0.010), villous immaturity (P=0.009), and nucleated fetal 
red blood cells (P<0.001). In a subgroup analysis among women with and without 
pregnancy complications within the PCOS group, only the occurrence of thrombo-
sis was increased in pregnancies complicated by pregnancy-induced hypertension or 
pre-eclampsia (30%, versus 0% in gestational diabetes pregnancies and 13% in uncom-
plicated pregnancies; P=0.008).

Limitations and implications 
There might be a small proportion of women with PCOS in the reference group, since 
this group was not screened for PCOS. As a result, the observed difference may be an 
underestimation of the true difference. Placentas were stored for up to 72h at 4 °C, 
this is common practice but some degenerative changes cannot be ruled out absolu-
tely. Also, there is possibility that baseline differences between the groups may in part 
explain some of the differences in placental pathology. Our findings suggest that, in 
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Introduction 

Polycystic ovary syndrome (PCOS) is a common condition in women of reproductive 
age, characterized by anovulatory infertility, obesity and metabolic abnormalities, such 
as dyslipidaemia and insulin resistance.1 Women with anovulatory PCOS are often tre-
ated with clomiphene citrate or FSH to induce ovulation, resulting in a pregnancy in 
almost 80% of women within 2 years.2 
Women with PCOS who achieve a pregnancy are at increased risk of complications, 
including pregnancy-induced hypertension (PIH), pre-eclampsia (PE), gestational dia-
betes (GDM), and preterm delivery.3–5 The placenta is suggested to play a key role in the 
development of these pregnancy complications, especially of hypertensive pregnancy 
complications, such as PIH and PE.6,7 It is thought that early placental development 
in PCOS is aberrant, because of the common metabolic abnormalities that characte-
rize PCOS (e.g. insulin resistance) along with the hyperandrogenic state associated 
with PCOS.8,9 Obesity is another common feature among women with PCOS, which 
is known to induce an inflammatory response in the placenta and is associated with 
pathological lesions.10,11 The most common pregnancy complication in women with 
PCOS is GDM.12 As previously demonstrated, placentas of women without PCOS, who 
developed GDM show significantly increased villous immaturity, villous necrosis, cho-
rangiosis, ischaemia and nucleated red blood cells (nRBCs) compared with women 
without GDM.13,14 
Based on the distinctive metabolic profile of women with PCOS on the one hand, and 
the fact that these women more often develop pregnancy complications on the other 
hand, we hypothesise that placentas of women with PCOS may be morphologically dif-
ferent from placentas of women without PCOS. Currently, only one case-control study 
has been performed to compare the characteristics of placentas of women with and 
without PCOS. In that particular study it was observed that placentas of women with 
PCOS were significantly thinner, with a reduced volume and lower weight compared 
with women without PCOS, with significantly more chronic villitis and intervillositis.15 
However, this study only included a selected group of women with PCOS who were 

general, women with PCOS can have placental alterations associated with an increased 
hypoxic state, which seems not to be caused by the increased incidence of pregnancy 
complications.
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non-obese, conceived spontaneously and did not develop any pregnancy complicati-
ons. This cohort therefore does not represent the full spectrum of the heterogeneous 
PCOS population. 
The aim of our study was to compare macroscopic and microscopic placental characte-
ristics between a heterogeneous, unselected group of pregnant women with PCOS and 
a reference group of low-risk pregnancies from the general population. Furthermore, 
within the PCOS group, the placental characteristics of hyperandrogenic and non-hy-
perandrogenic women were compared and of women with pregnancy complications 
were compared with those of women without complications.

Materials and methods

Design
For this study a subset of the CoPPer study (Complications of PCOS Pregnancy: Eva-
luating risk), a large prospective multi-centre study from the Netherlands, was used. 
Between April 2008 and April 2012 women diagnosed with polycystic ovary syndrome 
(PCOS) and a wish to conceive were included in this study prior to conception. PCOS 
was diagnosed according to the Rotterdam 2003 consensus criteria following standar-
dized phenotyping.16,17 Women younger than 18 years or older than 45 years, with a 
language barrier or with pre-existing diabetes mellitus were excluded in the CoPPer 
study. Placentas were collected from all women who delivered a singleton neonate at 
the University Medical Centre Utrecht (UMCU), and these data were used for the cur-
rent study. 
As a reference group, data from women who delivered at term after an uncomplicated 
pregnancy were used. These women had a spontaneous onset of labour and delivered 
at home or in the hospital or these women had a benign indication for a primary Cae-
sarean section (i.e. breech position of the fetus, repeat Caesarean section) which was 
performed in the Diakonessenhuis in Utrecht. 
The design and clinical assessments of both studies are extensively described elsewhe-
re.12,18 All women received antenatal care according to standard Dutch pregnancy pro-
tocols. For women with PCOS who participated in the CoPPer study, androgens (i.e. 
testosterone, sex hormone-binding globulin (SHBG) were measured prior to concep-
tion. Hyperandrogenism was defined as a free androgen index (FAI; SHBG/testostero-
ne*100) ≥4.5. Moreover, all women with PCOS underwent an oral glucose tolerance 
test (OGTT; 100-g glucose load, 3 hour follow-up) at 24-26 weeks of pregnancy. 
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Table I. Baseline and pregnancy characteristics of the study population. 
Data are expressed as mean ± SD or n (%) 

PCOS 
(N = 73)

Reference group 
(N=209) P-value

Demographic characteristics
Maternal age at delivery (years) 31.1 ± 3.8 31.7 ± 4.9 0.317

Caucasian 69 (95%) 145 (73%) <0.001

Nulliparity 59 (81%) 83 (40%) <0.001

Mode of conception   <0.001

Spontaneous 15 (21%) 191 (91%)  

Ovulation induction 48 (66%) 0 (0%)  

IVF / ICSI 0 (0%) 4 (2%)  

Other 10 (14%) 14 (7%)  

Pregnancy and delivery characteristics
Smoking during pregnancy 1 (1%) 25 (12%) 0.007

PIH/PE 10 (14%) 10 (5%) 0.011

Gestational Diabetes 21 (29%) 2 (1%) <0.001

Start labour   <0.001

Spontaneous 51 (70%) 170 (81%)  

Induction 19 (26%) 0 (0%)  

C-section 3 (4%) 39 (19%)  

Mode of delivery   0.433

Vaginally 61 (84%) 165 (79%)  

Caesarean section 12 (16%) 43 (21%)  

Epidural 11 (33%) 8 (4%) <0.001

Meconium stained fluid 5 (7%) 22 (11%) 0.315

Perinatal outcomes
Fetal gender (male) 40 (55%) 106 (51%) 0.548

Gestational age at delivery (weeks) 39.3 ± 1.9 39.6 ± 1.4 0.133

Birthweight (grams) 3388 ± 589 3522 ± 521 0.069

Birthweight (percentiles) 54 ± 28 55 ± 28 0.827

Large for gestational age 9 (12%) 26 (12%) 0.989

Small for gestational age 6 (8%) 13 (6%) 0.538

Apgar 5 minutes < 7 1 (1%) 1 (1%) 0.430

Legend: PCOS, polycystic ovary syndrome; PIH/PE, pregnancy induced hypertension or preeclampsia
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Ethical approval
This study has been approved by the institutional review board of the UMC Utrecht. All 
women who participated gave written informed consent. 

Pregnancy outcomes
Pregnancy outcome data were collected by a medical doctor or a midwife after delivery. 
GDM was defined as two or more plasma glucose levels exceeding a given threshold 
after a 100-g glucose load: fasting glucose ≥5.3 mmol/L, 1 hour glucose ≥10.0 mmol/L, 
2 hour glucose ≥8.6 mmol/L, 3 hour glucose ≥7.8 mmol/L. PIH was defined as a systo-
lic blood pressure ≥140 mmHg and/or a diastolic blood pressure ≥90 mmHg. PE was 
defined as PIH and proteinuria (≥300 mg/24 hours). Large for gestational age (LGA) 
was defined as infant birthweight above the 90th percentile and small for gestational 
age (SGA) was defined as infant birthweight below the 10th percentile, adjusted for 
gestational age, gender and parity, according to the most recent growth charts used in 
the Netherlands.19

Placenta examination
After delivery, placentas were stored at +4 ˚C and processed within 72 hours in the 
UMCU. An experienced pathologist (PN), blinded for clinical data, performed macro-
scopic and microscopic analyses of the placentas. The placentas were weighed without 
umbilical cord and membranes. Samples of the insertion of the umbilical cord as well 
as samples randomly taken from the centre of a cotyledon in the parenchyma were col-
lected for histological examination and additional samples were taken randomly from 
macroscopically abnormal parenchyma (e.g. change of colour or consistency and/or 
the presence of white or red nodular lesions). All samples were embedded in paraffin 
and stained with standard haematoxylin and eosin (H&E) and histopathological obser-
vations were performed according to the Redline criteria.20 Placental weight, without 
umbilical cord and membranes, was determined and the ratio between the infant’s 
birthweight and placental weight was calculated. 
Chronic inflammation of membranes was defined as the presence of groups of more 
than 50 lymphocytes and/or plasma cells in the membranes at a 10 times microscopy 
magnification. Laminar necrosis of membranes was defined as the presence of a coa-
gulative necrotic area in the decidua. Chorioamnionitis was defined as the presence of 
neutrophilic granulocytes in the chorionic plate and / or the extraplacental membranes 
(amnion); funisitis was defined as the presence of neutrophils in the wall of the umbi-
lical vein and/or arteries. Chronic villitis was defined as an infiltration of lymphocytes 
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and macrophages in groups of at least five placental villi. The presence of nucleated red 
blood cells (NRBC) was documented with the occasional presence of nRBCs in umbi-
lical cord blood or abundant presence in terminal villi. Villous immaturity was defined 
as a delay in the formation of syncytiocapillary membranes (SCM) in terminal villi and 
was determined as previously described.21 A SCM was defined as a dilated capillary in 
broad contact with the thin trophoblastic cover, without presence of a nucleus in the 
contact area according to Stallmach and others.22 Formation of SCM or maturation was 
classified as abnormal if in at least one slide the mean of SCM was less than 0.25 SCM / 
villus in the 10 smallest villi in 10 fields. Fetal thrombosis was determined as groups of 
at least five avascular fibrotic villi, thrombosis in a vessel of the umbilical cord, chorio-
nic plate or stemvillus, haemorrhagic endovasculitis, or intramural deposition of fibrin 
in a vessel of the umbilical cord, chorionic plate or stemvillus; infarction was defined as 
microscopically proven macroscopical lesions; and ischaemia was defined as the pre-
sence of hyperchromasia of trophoblast and Tenney-Parker changes.

Statistical analysis
All baseline and pregnancy outcome characteristics were presented as means with stan-
dard deviations (SD) for continuous data and as numbers with percentages for catego-
rical data. All data refer to the number of patients in our study. To analyse differences 
among these characteristics between women with and without PCOS, Student’s t-tests 
and Chi-square tests were used. 
To analyse differences in placental characteristics between groups, multivariate logistic 
regression analysis was used with placental characteristics as dependent and PCOS as 
independent variable. P-values were subsequently adjusted for potential confounders 
or effect modifiers. Primarily, we adjusted for baseline variables, i.e. maternal age, eth-
nicity, nulliparity, and smoking. Secondly, we adjusted for outcome variables as well, 
i.e. gestational age at delivery, mode of delivery, and the presence of pregnancy com-
plications. 
To study whether placental characteristics were associated with common features of 
PCOS, such as obesity (BMI≥30) or hyperandrogenism, Chi-square tests were perfor-
med. Since we did not possess data on BMI and androgens in the reference group, this 
analysis was only performed within the group of women with PCOS.
Also within the PCOS group, a subgroup analysis was performed in which placental 
characteristics were compared between women with and without pregnancy compli-
cations (divided in PIH or PE and GDM). F-tests or Likelihood Ratio tests for a model 
with any pregnancy complications versus without were used to determine whether the-
se pregnancy complications had any influence on the placental characteristics studied.
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Table II. Placental characteristics of the study population. Data are expressed as mean ± SD or n (%)

 Placental characteristics
PCOS
(n=73)

Reference group
(n=209)

Crude 
P-value

Adjusted 
P-value*

Adjusted 
P-value**

Birthweight (grams) 3388 ± 589 3522 ± 521 0.069  0.218 0.106

Birthweight (percentiles) 54 ± 28 55 ± 28 0.827 0.210 0.162

Placental weight (grams) 493 ± 103 504 ± 98 0.434  0.868  0.643

Fetal/placental weight ratio 7.0 ± 1.1 7.1 ± 1.2 0.360  0.250  0.254

Chronic inflammation of the fetal membranes *** 0.029 0.403 0.428

No 70 (96%) 108 (84%)    

Yes 3 (4%) 20 (16%)    

Necrosis of foetal membranes *** 0.155 0.238 0.604

No 72 (99%) 116 (91%)    
Yes 1 (1%) 12 (9%)    

Chorioamnionitis   <0.001 0.001 <0.001

No 51 (70%) 188 (90%)    

Yes 22 (30%) 21 (10%)    

Funisitis   0.013 0.017 0.019

No 67 (92%) 206 (99%)    

Yes 6 (8%) 3 (1%)    

Villitis   0.218 0.248 0.045

No 59 (81%) 181 (87%)    

Yes 14 (19%) 28 (13%)    

Thrombosis   0.023 0.084 0.018

No 64 (88%) 200 (95%)    

Yes 9 (13%) 9 (5%)    

Ischaemia   0.087 0.379 0.231

No 54 (74%) 175 (84%)    

Yes 19 (26%) 34 (16%)    

Infarction   0.012 0.026 0.010

No 61 (84%) 196 (94%)

Yes 12 (16%) 13 (6%)    

Villous immaturity   0.004 <0.001 0.009

No 43 (59%) 161 (77%)    

Yes 30 (41%) 48 (23%)    



Placental characteristics in women with PCOS

6

131

 Placental characteristics
PCOS
(n=73)

Reference group
(n=209)

Crude 
P-value

Adjusted 
P-value*

Adjusted 
P-value**

Nucleated red blood cells   <0.001 <0.001 <0.001

No 39 (53%) 176 (84%)    

Yes 34 (47%) 33 (16%)    

P values < 0.05 were considered statistically significant. All statistical analyses were 
performed using the Statistical Package for Social Sciences (IBM SPSS, Inc., Chicago, 
IL, USA version 21.0).

Results

A total of 73 women with PCOS were included in the study as well as 209 women from 
a low-risk reference group. Table I shows the pregnancy characteristics of the women in 
both groups. Women in the PCOS group were more often Caucasian (95% versus 73%; 
P<0.001), more often nulliparous (81% versus 40%; P<0.001) compared with women in 
the control group. Smoking was less common in women with PCOS (1% versus 12%; 
P<0.001) compared with the control group. Pregnancy complications were more fre-
quent among women with PCOS; 14% of women were diagnosed with PIH or PE and 
29% of women had GDM 5% and 1% in the reference group, respectively.
Table II shows the placental characteristics of both groups. We observed more chronic 
inflammation of fetal membranes in the reference group compared with women with 
PCOS, but this difference was no longer significant after adjustment for potential con-
founding variables. After adjustment for potential confounders we found more often 
chorioamnionitis (30% versus 10%; P<0.001), funisitis (8% versus 1%; P=0.019), villitis 
(19% versus 13%; P=0.045), thrombosis (13% versus 5%; P=0.018), infarction (16% 
versus 6%; P=0.010), villous immaturity (41% versus 23%; P=0.009), and nRBCs (47% 
versus 16%; P<0.001) in placentas from women with PCOS compared with controls 
(Table II). Histological images of typical placental findings in women with PCOS with 
and without pregnancy complications are shown in Figure I. 

Legend: * p-value adjusted for maternal age, ethnicity, nulliparity, and smoking. ** p-value adjusted for 
maternal age, ethnicity, nulliparity, smoking, PIH/PE, GDM, gestational age at delivery, and mode of delivery. 
*** Fetal membranes were not examined in 81 placentas from the reference group. PCOS, polycystic ovary 
syndrome; PIH/PE, pregnancy induced hypertension or preeclampsia; GDM, gestational diabetes. 
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Women with a hyperandrogenic PCOS phenotype (n=34; 47%) had a lower fetal-to-pla-
cental weight ratio non-hyperandrogenic women (ratio 6.6 versus. ratio 7.3), but this 
was not statistically significant after adjustment for potential confounders. Moreover, 
villous immaturity was less often present in hyperandrogenic non-hyperandrogenic 
women with PCOS (27% versus. 54%; P=0.037). We found no associations between 
placental characteristics and obesity (n=16; 22%) in our PCOS population. 
In a subgroup analysis within the PCOS group, we observed a slightly lower fetal-to-pla-
cental weight ratio among women who experiences PIH or PE (ratio 6.7) and GDM 
(ratio 6.9) the reference group (ratio 7.1), although this difference was not statistical-
ly significant. The occurrence of villitis was increased in uncomplicated pregnancies 
(27%, versus 0% in PIH or PE pregnancies and 10% in GDM pregnancies; P=0.037) 
and the occurrence of thrombosis was increased in PIH or PE pregnancies (30%, versus 

Figure I. Microscopic images of placentas from a woman with (A) an uncomplicated pregnancy, (B) PCOS and 
an uncomplicated pregnancy, (C) PCOS and gestational diabetes and (D) PCOS and preeclampsia.
Legend: The arrow in image (A) demonstrates a terminal villus. The arrow in image (B) demonstrates a mature 
intermediate villus. The arrow in image (C) points at chorangiosis and the asterisk is placed in a fibrin collection. 
The arrow in image (D) demonstrates a mature intermediate villus and the asterisk is placed in a syncytial knot 
(accumulation of trophoblasts).  
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Table III. Placental characteristics of women with polycystic ovary syndrome (PCOS) with and without preg-
nancy complications. Data expressed as mean ± SD or n (%). 

 Placental characteristics

Without 
pregnancy 

complication
(n=45)

PIH / PE *
(n=10)

GDM *
(n=21) P-value

Birthweight (grams) 3491 ± 555 3148 ± 658 3249 ± 579 NS

Placental weight (grams) 499 ± 99 474 ± 123 485 ± 103 NS

Fetal/placental weight ratio 7.1 ± 0.9 6.7 ± 1.3 6.9 ± 1.3 NS

Chronic membranitis    NS

No 43 (96%) 9 (90%) 20 (95%)  

Yes 2 (4%) 1 (10%) 1 (5%)  

Necrosis of membranes    NS

No 44 (98%) 10 (100%) 21 (100%)  

Yes 1 (2%) 0 (0%) 0 (0%)  
Chorioamnionitis    NS

No 29 (64%) 7 (70%) 18 (86%)  

Yes 16 (36%) 3 (30%) 3 (14%)  

Funcitis    NS

No 40 (89%) 9 (90%) 20 (95%)  

Yes 5 (11%) 1 (10%) 1 (5%)  

Villitis    0.037

No 33 (73%) 10 (100%) 19 (90%)  

Yes 12 (27%) 0 (0%) 2 (10%)  

Thrombosis    0.008

No 39 (87%) 7 (70%) 21 (100%)  

Yes 6 (13%) 3 (30%) 0 (0%)  

Ischaemia    NS

No 31 (69%) 8 (80%) 18 (86%)  

Yes 14 (31%) 2 (20%) 3 (14%)  

Infarction    NS

No 37 (82%) 8 (80%) 19 (90%)  

Yes 8 (18%) 2 (20%) 2 (10%)  

Villous immaturity    NS

No 30 (67%) 5 (50%) 10 (48%)  

Yes 15 (33%) 5 (50%) 11 (52%)  
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0% in GDM pregnancies and 13% in uncomplicated pregnancies; P=0.008). While the-
re were no significant differences in villous immaturity and the amount of nRBCs be-
tween the three subgroups, the occurrence of these parameters was rather high within 
all these groups (Table III).

Discussion

The current study compared macroscopic and microscopic placental characteristics be-
tween women with PCOS and women of a healthy, low-risk reference group. Further-
more, a sub-analysis was performed among women with PCOS to compare placentas 
after either an uncomplicated pregnancy or a pregnancy complicated by PIH, PE or 
GDM. After adjustment for potential confounding variables, placentas from women 
with PCOS showed a significantly increased prevalence of several histopathological ab-
normalities compared with the reference group, which is in accordance with a previous 
study in women with PCOS.15 Most of these differences could not be explained by an 
increased incidence of pregnancy complications in women with PCOS; only villitis and 
thrombosis were different among these groups. 
In the current study, placentas of women with PCOS showed signs of increased placen-
tal inflammation, such as common presence of chorioamnionitis, funisitis and villitis, 
when compared with our reference group. Placental inflammation has previously been 
related to the presence of pregnancy complications 23–26 as well as to maternal obesity 

27–29, both of which are more prevalent in women in PCOS. In our PCOS population, 
mean maternal BMI was 26 kg/m2 and 22% of the women had a BMI ≥ 30 kg/m2. 

 Placental characteristics

Without 
pregnancy 

complication
(n=45)

PIH / PE *
(n=10)

GDM *
(n=21) P-value

Nucleated red blood cells (nRBCs)   NS

No 25 (56%) 7 (70%) 10 (48%)  

Yes 20 (44%) 3 (30%) 11 (52%)  

Legend: Data are expressed as mean (standard deviation; SD) or n (%). Data were compared using an 
F-test or Likelihood Ratio test for the presence of any pregnancy complication in relation with placental 
characteristics. * Three women had both GDM and PIH/PE. PIH/PE, pregnancy induced hypertension or 
preeclampsia; GDM, gestational diabetes; NS, not statistically significant.
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Unfortunately, we did not have data on maternal BMI of our reference group, but in 
the Dutch female population the prevalence of obesity (defined as BMI ≥ 30 kg/m2) is 
approximately 10-15%.30,31 This difference in BMI may partially explain our findings of 
more placental inflammation. Within our PCOS population, we did not observe any 
associations between placental characteristics and obesity. However, obesity is known 
to worsen PCOS features and therefore probably also placental characteristics, but 
since our PCOS population is relatively lean, it might be that differences are just too 
small to be statistically significant.
In addition to altered inflammatory features, placentas of women with PCOS more 
often showed thrombosis and infarction. These may reflect signs of vascular damage 
and fetal hypoxia, which are common to a number of pregnancy complications, such 
as PE and fetal growth restriction.23,32,33 In our study, we did not observe any differences 
in infant birthweight, nor in the presence of small for gestational age (SGA) infants be-
tween the PCOS and the reference group. We did, however, find an increased incidence 
of PIH/PE in women with PCOS (Table II), which could possibly explain the increased 
presence of placental thrombosis and infarction in these women. Yet, even in women 
with PCOS who had an uncomplicated pregnancy, the prevalence of placental throm-
bosis and infarction was high our reference group (13% versus 5% for thrombosis and 
16% versus 6% for infarction, respectively).
Another possible sign of relative placental hypoxia is the higher incidence of villous 
immaturity and nucleated fetal red blood cells (nRBCs) in women with PCOS. This 
may be explained by exposure of the placenta to high levels of nutrients, in particular in 
mothers who develop GDM, have obesity or gain excessive weight in pregnancy, which 
leads to accelerated growth of placental villi resulting in relative villous immaturity.20 
As a consequence, the distance between the intervillous space and the fetal capillaries 
increases, which can result in chronic fetal hypoxia34, and the presence of nRBCs in the 
placenta.35 Fortunately, we did not observe an increased incidence of fetal asphyxia in 
our study, although this may be due to the generally low incidence of asphyxia in rela-
tion to the sample size of our PCOS cohort. 
Earlier studies have shown that placentas of women with diabetes show significantly 
more often signs of villous immaturity and that they tend to have higher weights in 
order to compensate for the hypoxia by increasing the area of oxygen exchange.14,36,37 
Thus, one might expect a higher prevalence of villous immaturity and nRBCs in wom-
en with PCOS, since obesity and GDM are commonly present in this group.4,38 How-
ever, even after adjustment for pregnancy complications, such as GDM, the differences 
between women with PCOS and the reference group remained statistically significant 
in our study. These findings may implicate that women with PCOS in general are met-
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abolically disturbed - presumably related to hyperandrogenism and insulin resistance 
- which could result in placental alterations comparable to those observed in GDM. 
This has also been suggested in a previous study in which it was demonstrated that 
microscopic placental alterations are significantly influenced by the free androgen in-
dex (FAI) and homostatic model assessment of insulin resistance (HOMA-IR).15 In our 
study, we also found an association between FAI and villous immaturity. Hyperandro-
genism has been shown to inhibit placental growth in rats 39 and has been suggested 
to impair trophoblast invasion in humans.8 If this is indeed true, hyperandrogenism 
may also play a role in the increased prevalence of placental features related to hypoxia, 
although future research should clarify its exact underlying pathways. 
A limitation of the current study is that women in the reference group were not 
screened for PCOS. We did have information on whether or not women in the refe-
rence group conceived spontaneously, but there may still have been some women with 
PCOS in the control group who conceived naturally. If this would indeed be true, it 
may be anticipated that the differences in placental characteristics will be even more 
pronounced comparing women with and without PCOS. Moreover, some placentas, 
which were stored at 4 degrees celcius, may have been subjected to a relatively long 
interval between delivery and fixation (max 72 hours). However, the markers used in 
our scoring system are very robust and have extensively been validated and used for 
many years in standard operating procedure protocols without any obvious problems 
with tissue deterioration. Although we expect no major problems to have occurred 
due to possible delayed fixation in our study, some degenerative changes cannot be 
ruled out absolutely. Also, we cannot rule out the possibility that other baseline diffe-
rences between women with PCOS and the reference group may in part explain some 
of the observed differences in placental pathology. Firstly, women with PCOS more 
often smoked during pregnancy compared with the reference group, which could en-
hance the prevalence of placenta pathology. Secondly, our PCOS group was recruited 
for participation in scientific research and it is known that this may induce bias, espe-
cially regarding ethnicity and socioeconomic status. Thirdly, our reference group was 
recruited from primary obstetrical care practices.18 In the Netherlands, women who 
are at increased risk of pregnancy complications (i.e. GDM or PE) are referred to a 
gynaecologist (secondary obstetrical care). Thus, our reference group consisted only of 
healthy women with hardly any pregnancy complications. Yet, in the reference group, 
a substantial number of women who underwent a primary Caesarean section were 
included (19%). It is known that placental inflammation is a physiological response in 
labour and delivery 40, which is less present in placentas from women who underwent 
a primary Caesarean section.18 Because of these differences between our study groups, 
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analyses were adjusted for baseline characteristics and pregnancy complications, to 
prevent any confounding or effect modification. 
In conclusion, women with PCOS have significantly more inflammatory and throm-
botic lesions as well as increased villous immaturity of the placenta women from a 
reference group, which seems not to be caused by the higher incidence of pregnancy 
complications in women with PCOS. Further research is needed to explore possible 
causes of placental alterations in women with PCOS and its possible implications for 
clinical practice.
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Abstract

Background
Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 6-15% of 
all women of reproductive age. The syndrome is associated with metabolic disturban-
ces such as insulin resistance and dyslipidaemia. Women with PCOS often present with 
anovulatory infertility and become pregnant following ovulation induction. When a 
pregnancy is achieved, these women exhibit increased complication rates including 
gestational diabetes, hypertensive disorder and preterm delivery. Apart from the sug-
gested heritability of PCOS, all the abovementioned features associated with PCOS 
could collectively affect foetal development and future health of offspring. The aim 
of this study was to compare cardiovascular and metabolic health in children from 
women previously diagnosed with polycystic ovary syndrome (PCOS) at 2.5-4 and 6-8 
years of age with children of comparable age from a population-based reference group.

Methods and findings 
Women previously diagnosed with PCOS according to the Rotterdam criteria because 
of anovulatory infertility who delivered a live born neonate, were approached for par-
ticipation with their child in the current study. Children from women with PCOS at 
the age of 2.5-4 years (n = 42) and at the age of 6-8 years (n = 32) were included. The 
reference group consisted of 168 children at the age of 3-4 years and of 130 children 
at the age of 7-8 years. Adjusted mean differences and 95% confidence intervals were 
compared between PCOS and control children per age group. In the young age group, 
heart function and vascular rigidity were assessed. In the older age group, metabolic 
laboratory assessments, intra-abdominal, subcutaneous fat mass and carotid intima 
thickness were measured. All analyses were adjusted for age and gender. The echocar-
diographic and vascular measurements were adjusted for age, body weight and gender. 
Regarding cardiovascular status, young children in the PCOS group had a significantly 
higher pulse pressure (2.8 mmHg; 0.5 to 5.0) and left ventricle diameter (1.5 mm; 0.5 
to 2.5) and children in the older PCOS group had a significantly higher carotid intima 
media thickness (25.2 µm; 6.9 to 43.5) compared with the reference group. Regarding 
the metabolic status, older children in the PCOS group presented with a statistically 
significantly increased subcutaneous fat mass (adjusted mean difference 2.3 mm; 95% 
CI 0.2 to 4.4), total cholesterol (0.7 mmol/l; 0.3 to 1.2), triglycerides (0.2 mmol/l; 0.1 to 
0.3) and LDL-cholesterol (0.6 mmol/l, 0.1 to 0.9).

Conclusions
The current findings suggest that distinct cardiovascular and metabolic abnormalities 
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can already be observed at an early age in children from women previously diagnosed 
with PCOS. Deviation from normal in PCOS girls and boys could aggravate with in-
creasing age (with distinct implications for adult health), which should be established 
by additional follow-up studies.

Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine disorder, which affects 6 to 
15% of women during the reproductive years.1,2 PCOS is diagnosed when at least two 
of the following three criteria are present: oligo- or anovulation, polycystic ovaries and 
clinical or biochemical hyperandrogenism.3 Other features such as infertility, obesi-
ty and metabolic dysfunction (e.g. insulin resistance, dyslipidaemia) often coincide in 
women with PCOS.2 Pregnancy is frequently attained by ovulation induction in anovu-
latory infertile women diagnosed with PCOS, with documented cumulative singleton 
live birth rates close to 80% within a two year time period.4,5 
During pregnancy, women with PCOS present with increased complication rates; such 
as a threefold increased risk of gestational diabetes, and a three- to fourfold increased 
risk of pregnancy-induced hypertension and preeclampsia.6–9 Moreover, offspring from 
women with PCOS are more often born preterm (OR 1.8 to 2.2) and small for gesta-
tional age (OR 2.6).7,10 
Apart from the observed familial clustering of PCOS and obesity suggesting a her-
itable component of this heterogeneous condition,11,12 the combination of ovulation 
induction treatment, unfavourable metabolic features of the mother, increased chanc-
es for pregnancy complications and placental abnormalities9,13 associated with PCOS 
could all collectively affect future health of offspring.14 For example, children conceived 
by ovulation induction (independent from PCOS) were recently reported to exhibit 
higher glucose and triglyceride levels and higher blood pressures compared to spon-
taneously conceived children.15 Another study demonstrated that the intrauterine en-
vironment during pregnancy influences blood pressure later in adult life independent 
from PCOS.16 Moreover, adequate vascular growth in the placenta is suggested to be 
necessary for normal cardiovascular development.17  
Children from women with PCOS are suggested to have an increased risk of hyperin-
sulinaemia and insulin resistance from puberty onwards.18–20 Insulin resistance seems 
to be associated with endothelial dysfunction, an early marker for atherosclerosis,21,22 
already starting during childhood with lipids accumulating within the wall of blood 
vessels.23,24 Children of women with PCOS may therefore show signs of vascular dam-
age already early in life. 
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Possible cardiovascular and metabolic implications for offspring of women previously 
diagnosed with PCOS have not been studied in great detail. A single study demon-
strated that eumenorrheic non-hirsute adult daughters with a mean age of 24 years of 
women with PCOS present with an increased cardiovascular risk compared with age 
and BMI matched controls.25 Other studies in offspring of women with PCOS focus on 
reproductive features and metabolic consequences of PCOS around puberty.11,18,20,26,27 
Since we hypothesise that children from women with PCOS already have subtle met-
abolic and cardiovascular alterations early in life, the aim of the current study was to 
compare in detail cardiovascular and metabolic health in young children from women 
with PCOS at 2.5-4 years or 6-8 years of age with children of comparable age from a 
population-based reference group. 

Methods

Design
Children of women with PCOS: The children participating in the current cross-sec-
tional cohort study were recruited by approaching women previously diagnosed with 
PCOS who underwent a standardized extensive screening in the context of anovulatory 
infertility.28 Women were diagnosed with PCOS according to the Rotterdam consensus 
criteria.3 Women with PCOS who became pregnant and delivered a live born baby were 
asked to participate with their child. Only children born between January 2005 and Au-
gust 2008 or between September 2008 and December 2010 were eligible to participate 
in order to make two age categories.
Exclusion criteria for all children participating in our study were a history of a heart 
defect, type 1 diabetes, or a respiratory infection at time of or two weeks before the visit. 
The study was approved by the institutional review board of the UMC Utrecht. The trial 
registration number of the study from which the mothers with PCOS were approached 
is NCT02309047, and the subsequent children follow-up was registered with clinical-
trials.gov, number NCT01767051. Written informed consent was obtained from both 
parents of each child, unless a parent was no longer present. A separate informed con-
sent was obtained from the mothers with PCOS for using information concerning the 
fertility disorder and pregnancy.

Reference group: The reference group consisted of children participating in the WHeez-
ing Illnesses STudy LEidsche Rijn (WHISTLER), a population based follow-up study of 
children on determinants of wheezing illnesses initiated in 2001. The study design and 
rationale has been published elsewhere. 29 In 2007, the study was extended for cardio-
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vascular research questions. In brief, healthy newborns born in Leidsche Rijn (a new 
residential area close to the city of Utrecht), were included and followed until the age 
of eight years. Visits were planned at the age of 3 to 8 weeks, at the age of five years and 
again at the age of 7-8 years. A subgroup of this cohort was invited for an additional vis-
it at 3-4 years. Exclusion criteria were neonatal respiratory disease, delivery <36 weeks 
of gestation and major congenital abnormalities. Ethical approval was obtained from 
the local institutional review board. Written informed consent was obtained from both 
parents of each participant.

Clinical assessments
The study protocols of the children of women with PCOS and the reference group were 
to a great extent the same. The type of investigation differed for the young and the older 
study group for practical reasons; the widely used method for assessing cardiovascular 
risk, a carotid intima media thickness measurement (IMT),30 is impossible in the young 
age category because of a discrepancy between the size of the ultrasound transducer 
and the neck dimensions. Furthermore, no blood assessments were performed in the 
young study group.  

Both age categories: Before the visit, a questionnaire was sent to the parents, which 
contained information regarding the health status and the current weight and height of 
both parents, family history of cardiovascular diseases, parity (unknown in the older 
reference group), information about the pregnancy, the medical condition, physical 
activity, passive smoking, and nutrition of the child. Self-reported maternal pregnancy 
complications which occurred in the study groups (according to the questionnaires) 
were gestational diabetes (GDM), pregnancy-induced hypertension (PIH), preeclamp-
sia (PE), the haemolysis elevated liver enzymes low platelets (HELLP) syndrome and 
infection. According to standard Dutch guidelines, GDM is diagnosed when one or 
more glucose levels exceed a threshold after a 75-g glucose load: fasting glucose ≥ 5.1 
mmol/L, 1 h glucose ≥ 10.0 mmol/L, 2 h glucose ≥ 8.5 mmol/L;31 PIH is diagnosed 
when the systolic blood pressure is ≥ 140 mmHg and/or the diastolic blood pressu-
re was ≥ 90 mmHg; PE is diagnosed when PIH is present including proteinuria (≥ 
300 mg/24h). Neonatal complications were reported as small for gestational age (SGA; 
birth weight lower than the 10th percentile for the population) and large for gestational 
age (LGA; birth weight greater than the 90th percentile for the population).32 

Young study group: During the visit, weight and height of the child were measured in 
underclothing without shoes with a standard electronic scale and a stadiometer respec-
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tively. The thoracic circumference was measured twice after expiration at the height 
of the nipples. Waist circumference was assessed twice after expiration between the 
superior iliac anterior spine and the lowest rib. Blood pressure and vascular rigidity was 
measured using arteriography. A transthoracic echocardiogram was performed using 
the Vivid 7 ultrasound machine (GE Healthcare, Milwaukee, Wisconsin, Wauwatosa, 
U.S.A.) with a 6S, 2.7-8.0MHz transducer with continuous electrocardiographic moni-
toring. The ultrasound measurements were performed without sedation with the child 
lying in a supine position. All echocardiograms were performed by the same medi-
cal doctor (JE), who attended an intensive training in echocardiography. The meas-
urements were performed according to the guidelines of the paediatric council of the 
American Society of Echocardiography.33,34 The echocardiograms of both groups were 
analysed by one observer (MW), who was blinded for the determinants other than the 
study groups.

Table I. Maternal, pregnancy and birth characteristics of the entire study population 

PCOS children Reference group P Value
Pregnancy and birth characteristics (n= 74) (n=298)
Mode of delivery 0.01

Vaginal spontaneously 40 (54.1%) 202 (71.9%)

Caesarean section 11 (14.9%) 18 (6.4%)

Assisted vaginal delivery 23 (31.1%) 61 (21.7%)

Smoking during pregnancy 6 (8.1%) 19 (6.4%) 0.59

Pregnancy complication*
Any maternal complication 20 (27.0%) 33 (11.1%) 0.001

Gestational diabetes 10 (13.5%) 5 (1.7%) < 0.001

Any hypertensive maternal complication 9 (12.2%) 28 (9.7%) 0.54

Gestational age at delivery 39.1 ± 2.6 39.8 ± 1.4 < 0.001

Preterm delivery 8 (10.8%) 7 (2.4%) 0.001

Male gender 38 (51.4%) 125 (42.2%) 0.16

Birth weight 3,304 ± 644 3,569 ± 487 0.02

Neonatal complications

Small for gestational age 7 (9.5%) 6 (3.6%)*a 0.06

Large for gestational age 6 (8.1%) 26 (15.5%)*a 0.87

Legend: PCOS, polycystic ovary syndrome; BMI, body mass index; HELLP, haemolysis elevated liver enzymes 
low platelets. * Some women had 2 pregnancy complications *a this was only based on the young PCOS group, 
since the data of the older group was missing
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Older study group: During the visit, anthropometric measurements were performed in 
children of both study groups. Body weight and height were measured using standard 
procedures. A thoracic circumference was measured at the height of the nipples twice 
after expiration, a waist circumference was measured twice after expiration between the 
superior iliac anterior spine and the lowest rib. An intra-abdominal fat mass measu-
rement was performed using ultrasound with a CA 421 convex transducer.35 Further-
more, a subcutaneous fat mass was performed in the abdominal area, according to a 
previously described method.36 Both procedures were extensively described elsewhe-
re.37 Subsequently, a blood pressure measurement was performed while seated and in 
supine position. Finally, the children laid down in a supine position for a carotid intima 
media thickness (IMT) measurement. The carotid IMT of the far wall, the diameter 
during diastole and the distension (change in diameter from diastole to systole) of the 
right common artery were assessed with ultrasound using high resolution echo-trac-
king technology (Art.lab, Esaote, Italy) including a 128 line radiofrequency line mul-
ti-array, with a L10-5 40mm linear array transducer. 38 The rest of the procedure was 
described elsewhere.37 Averages of the distension, lumen and the carotid IMT were 
used to demonstrate the arterial elasticity by cross-sectional distensibility and the elas-
tic modulus (EM). A high EM fits with a low distension, which indicates a more rigid 
artery. All measurements of both study groups were performed by a medical doctor 
(AMVE) and two trained research nurses. 

Laboratory assessments
A blood sample was drawn in both older study groups in case their parents consen-
ted, which was processed and stored in a -80 degrees Celsius freezer immediately af-
ter withdrawal. In the reference group, fasting glucose, total cholesterol, triglycerides, 
HDL-cholesterol and CRP were determined immediately after withdrawal. In our stu-
dy group, these assessments were performed afterwards (after storage in a -80 degrees 
Celsius freezer with a maximum of two years). The analyses within both study groups 
were performed with a DxC800/AU5811 (Beckman Coulter, Fullerton, California, 
USA) and fasting insulin was measured on the Modular E170 (Roche Diagnostics, 
Mannheim, Germany). LDL-cholesterol was calculated with the formula of Friedewald 
[LDL-cholesterol (mmol/L) = total cholesterol (mmol/L) – HDL-cholesterol (mmol/L) 
(0.45 * triglycerides (mmol/L)]. 
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Statistical analysis
The study was designed to include references in a 4:1 ratio compared to children of 
women with PCOS. In this way, a statistical power of 80% would be achieved to detect 
a standardized difference in means (Cohen’s D) of 0.5, when 40 PCOS children were 
included per age group. In case 30 PCOS children were included, power for this diffe-
rence would still be close to 70%. All data were collected and analyzed using SPSS Sta-
tistics (IBM SPSS Inc, Chicago, IL, USA version 21.0). Means and standard deviations 
were calculated for all continuous variables. Pregnancy outcomes were categorically 
compared between children from women with PCOS and children from the reference 
group. An estimation of the mean difference between the groups, 95% confidence in-
tervals (95% CI), and P values, adjusted for age and weight (except for anthropometrics 
and fat mass measurements), were calculated by the generalized linear models function 
in SPSS. All analyses were adjusted for age and gender, the latter since the effect of gen-
der on cardiovascular and metabolic health is not clear yet in young children. P-values 
<0.05 were considered statistically significant. Z-scores were determined for the diame-
ter of the left end-diastolic and end-systolic internal ventricle based on a study in 2036 
children at the age between 1 month and 18 years in Central Europe.39 Z-scores within 
two standard deviations from the mean value are considered as ‘normal’.  

 
Results

Both age categories
A total of 253 women diagnosed with PCOS who became pregnant were approached to 
participate in this study with their child. One-hundred-and-forty women had children 
with ages outside the inclusion range. Some women did not want to participate because 
of the long distance they had to travel to the hospital (n=19) or the burden for their 
child (n=18). One child was excluded because a diagnosis of type 1 diabetes. Forty-two 
children at the age of 2.5-4 years and 32 children at the age of 6-8 years from women 
with PCOS were included. One-hundred-and-sixty-eight children at the age of 3-4 and 
130 at the age of 7-8 years from a population-based cohort study (WHISTLER) were 
used as references (Table I).
Women with PCOS had significantly more complications during the pregnancies of 
the children in the study groups (27.0%) compared with the reference mothers (11.1%) 
(P = 0.001), as shown in Table 1. Gestational diabetes had occurred more often in the 
PCOS group (13.5%) compared with the reference group (1.7%) (P < 0.001). In con-
trast, birth weight was significantly lower in the young PCOS group (3,304 ± 644 gr vs 
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Table II. Anthropometry, arteriographic and echocardiographic results of 42 PCOS children and 168 controls at the age 
of 2.5-4 years 

PCOS children 
age 2.5-4 years 

(n= 42)

Reference group 
age 3-4 years 

(n=168)

Adjusted mean 
difference
(95% CI)

P value 
adjusted 
for  age

Anthropometry
Age (yrs) 3.3 ± 0.6 3.7 ± 0.2 - -*c

Weight (kg) 16.1 ± 2.6 17.1 ± 2.3 -0.2 (-1.1 - 0.6) 0.63

Height (cm) 100.2 ± 5.5 102.2 ± 4.5 0.5 (-1.1 - 2.1) 0.56

Breast circumference (cm) 53.1 ± 3.0 54.0 ± 2.7 0.01 (-1.0 - 1.0) 0.998

Abdominal circumference (cm) 51.3 ± 3.8 52.8 ± 3.5 -0.9 (-2.3 - 0.4) 0.18

Blood pressure (n = 31) (n=136)
Systolic blood pressure (mmHg) 93.4 ± 6.7 94.2 ± 6.7 -0.2 (-3.0 - 2.6) 0.89

Diastolic blood pressure (mmHg) 47.7 ± 5.6 50.4 ± 5.4 -2.9 (-5.2 - -0.7) 0.01

Mean arterial pressure (mmHg) 62.9 ± 5.3 65.0 ± 5.3 -2.1 (-4.3 - 0.1) 0.06

Pulse pressure (mmHg) 45.7 ± 5.6 43.8 ± 5.5 2.7 (0.5 - 5.0) 0.02

Arterial stiffness (n = 27) (n = 74)
Pulse wave velocity aorta (m/s) 5.8 ± 0.84 5.6 ± 0.7 0.1 (-0.2 - 0.5) 0.49

Pulse pressure aorta (mmHg) 38.0 ± 4.0 36.3 ± 4.3 1.9 (-0.2 - 3.9) 0.08

Systolic blood pressure on aorta (mmHg) 85.2 ± 6.2 86.7 ± 6.8 -2.1 (-5.3 - 1.2) 0.21

Echocardiography (n = 36) (n=136)
Left ventricle internal diameter end-diastolic (mm) 
(PLAX)

33.7 ± 2.6 33.0 ± 2.9 1.5 (0.4 - 2.5) 0.01

Z-score left ventricle internal diameter end-diastolic *a 0.4 ± 0.8 -0.05 ± 0.9 0.5 (0.2 - 0.9) 0.002

Left ventricle internal diameter end-systolic (mm)
(PLAX)

22.3 ± 2.2 21.7 ± 2.2 1.0 (0.2 - 1.9) 0.02

Z-score left ventricle internal diameter end-systolic *a 0.9 ± 0.9 0.5 ± 0.9 0.4 (0.1 - 0.8) 0.03

Left ventricle diameter end-diastolic (mm) (AP4CH) 37.7 ± 2.5 37.1 ± 3.9 1.3 (-0.1 - 2.8) 0.06

Tissue doppler imaging left wall systole (cm/s) 8.0 ± 1.46 7.9 ± 1.7 0.4 (-0.3 - 0.9) 0.38

Tissue doppler imaging left wall early diastole (cm/s) 16.7 ± 2.1 17.5 ± 3.0 -0.6 (-1.7 - 0.5) 0.31

Tissue doppler imaging left wall late diastole (cm/s) 6.4 ± 1.2 6.3 ± 1.4 0.002 (-0.5 - 0.5) 0.995

Tissue doppler imaging septum systole (cm/s) 6.5 ± 0.5 6.9 ± 0.8 -0.4 (-0.7 - -0.1) 0.01

Tissue doppler imaging septum early diastole (cm/s) 12.6 ± 1.3 12.9 ± 1.6 -0.1 (-0.7 - 0.5) 0.71

Tissue doppler imaging septum late diastole (cm/s) 5.5 ± 1.2 5.5 ± 1.2 -0.02 (-0.5 - 0.4) 0.94

 
Legend: *a Z-scores were calculated for this variable to compare the results with ‘normal values.’ *b Estimation of the mean 
difference (95% confidence interval) between the PCOS and the reference group (reference), adjusted for age and weight. *c 
Not adjusted for age. *d Not adjusted for weight. PCOS, polycystic ovary syndrome; PLAX, parasternal long axis; AP4CH, 
apical four chamber.
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Table III. Anthropometry, fat mass, blood pressure and carotid intima media thickness of 32 PCOS children and 130 
controls at the age of 6-8 years 

PCOS children 
age 6-8 
(n=32)

Reference groupe 
age 7-8
(n=130)

Adjusted mean diffe-
rence *a

(95% CI)

P value adju-
sted for age & 

weight
Anthropometry
Age (yrs) 7.0 ± 0.8 8.1 ± 0.5 - - *b

Weight (kg) 23.8 ± 4.3 27.9 ± 4.2 -0.6 (-2.5 - 1.3) 0.55 

Height (cm) 124.5 ± 6.6 132.4 ± 5.4 -2.4 (-4.8 - 0.04) 0.05 

Breast circumference (cm) 58.6 ± 4.0 62.6 ± 4.1 -1.1 (-3.0 - 0.8) 0.25 

Abdominal circumference (cm) 54.5 ± 4.1 58.2 ± 4.7 -1.2 (-3.4 - 1.0) 0.27 

Intra-abdominal fat mass (mm) 36.6 ± 6.2 36.8 ± 6.5 0.1 (-3.1 - 3.3) 0.78 

Subcutaneous fat mass (mm) 8.1 ± 3.5 8.4 ± 4.6 2.3 (0.2 - 4.4) 0.03 

Blood pressure (n=32) (n=129)
Systolic blood pressure (mmHg) *c 103.4 ± 5.7 104.9 ± 8.3 -0.6 (-4.4 - 3.2) 0.75

Diastolic blood pressure (mmHg) *c 54.5 ± 6.3 53.9 ± 5.8 1.2 (-1.8 - 4.1) 0.44

Mean arterial pressure (mmHg) *c 72.2 ± 4.4 75.6 ±8.4 -3.9 (-7.7 - -0.06) 0.05

Pulse pressure (mmHg) 48.8 ± 7.0 51.1 ± 8.2 -1.8 (-5.7 - 2.1) 0.37

Blood assessments (n=14) (n=130)
Glucose (mmol/L) 4.7 ± 0.4 4.6 ± 0.3 0.2 (-0.1 - 0.4) 0.07

Insulin (mIU/L) 4.4 ± 1.9 5.6 ± 2.5 -0.7 (-2.2 - 0.8) 0.34

Cholesterol (mmol/L) 4.9 ± 1.3 4.4 ± 0.7 0.7 (0.3 - 1.2) 0.002

Triglycerides (mmol/L) 0.7 ± 0.2 0.5 ± 0.2 0.2 (0.1 - 0.3) 0.001

HDL-cholesterol (mmol/L) 1.5 ± 0.3 1.4 ± 0.2 0.1 (-0.1 - 0.2) 0.39

LDL-cholesterol (mmol/L) 3.1 ± 1.3 2.8 ± 0.6 0.5 (0.1 - 0.9) 0.02

CRP (mg/L) 1.6 ± 4.0 2.5 ± 3.1 -1.2 (-3.1 - 0.8) 0.25

Carotid intima media thickness (n=32) (n=130)
Carotid intima media thickness (µm) 413.5 ± 41.6 382.4± 36.8 24.7 (6.4 - 43.0) 0.01

Distensibility (Mpa-1) 93.1 ± 26.1 91.5 ± 42.1 -2.3 (-22.7 - 18.2) 0.83

Elastic modulus (kPa) 162.3 ± 58.0 181.8 ± 54.3 -4.6 (-32.7 - 23.5) 0.75

 
Legend: PCOS, polycystic ovary syndrome. *a Estimation of the mean difference between the PCOS and the reference 
group (reference), adjusted for age and weight. *b Only adjusted for weight.  *c  In supine position
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3,569 ± 487) (P = 0.02). Table II and III show that the age of children from mothers with 
PCOS groups in both age categories was slightly but significantly lower compared to 
references. All anthropometric (weight, height, circumferences) measurements turned 
out not to be statistically different between the groups. 

Young study group (between 2.5-4 years) 
Table II shows that the pulse pressure was significantly higher in the PCOS group. The 
echocardiographic measurements in the young study group were only available for 36 
(85.7%) children in the PCOS group and 136 (81.0%) children in the reference group. 
Children in the PCOS group had a slightly larger left ventricle internal diameter at both 
the end of the diastole (LVIDd) and the end of the systole (LVIDs) compared with the 
reference group according to the parasternal long axis view. Figure I shows the adjusted 
mean differences with 95% confidence intervals of some parameters. When adjusting 
all variables additionally for gender (data not shown), all trends remained the same 
except for the z-score of the LVIDs, which turned out to be not statistically significant 
anymore (P = 0.053). Only a selection of the most important echocardiographic assess-
ments is shown in Table II, the Table IV shows more echocardiographic assessments, 
which were performed in both study groups.

Older study group (between 6-8 years)
Table III shows the results of the assessments in the older study group compared with 
the reference group. Although the rough data show that the subcutaneous fat mass was 
lower in PCOS children, the subcutaneous fat mass appeared to be higher compared 
with the reference group after adjustment for age with an estimated mean difference of 
2.3 mm (0.2 to 4.4). Blood assessments were only performed in 14 (44%) of the partic-
ipants in the PCOS group, the parents of the other 56% did not want their children to 
have a blood withdrawal. A blood sample was drawn in all 130 children of the reference 
group. Total cholesterol (0.7 mmol/L, 0.3 to 1.2), triglycerides (0.2 mmol/L, 0.1 to 0.3) 
and LDL-cholesterol (0.5 mmol/L; 0.1 to 0.9) were significantly higher in the PCOS 
group compared with the reference group. Figure II shows the adjusted mean differenc-
es with 95% confidence intervals of some parameters. Furthermore, the carotid IMT 
was significantly higher compared with the reference group as well with an estimated 
mean difference of 24.7 µm (6.4 to 43.0), whereas the distensibility and the elastic mod-
ulus were not statistically significant different. After additional adjustment for gender 
(data not shown) all trends of the abovementioned results remained the same. 
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Discussion

In the current study, the cardiovascular and metabolic health of children from women 
previously phenotyped in a standardized fashion in the context of anovulatory infertil-
ity and diagnosed with PCOS according to the Rotterdam criteria was compared with 
a population-based reference group in two different age categories. We observed subtle 
but distinct alterations in both cardiovascular and metabolic features in PCOS children 
already at early age. This difference is reflected by an increased pulse pressure and a 
higher left cardiac ventricle diameter at 2.5-4 years of age and higher carotid IMT and 
metabolic blood parameters such as total cholesterol, triglycerides, LDL-cholesterol at 
the age of 6-8 years in children of women previously diagnosed with PCOS.
An uncomplicated pregnancy seems fundamental for the development of a healthy car-
diovascular system in the foetus.17 Suboptimal foetal development has previously been 
demonstrated to have distinct implications for adult cardiovascular health.40,41 During 
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Adjusted mean differences children between 2.5 and 4 years   
Figure 1. Adjusted differences (mean and 95% confidence intervals) of selected parameters which were signifi-
cantly different comparing PCOS children between 2.5-4 years of age (n=42) and references (n=168).

Legend: LVIDd, left ventricular internal diameter end-diastolic; LVIDs, left ventricular internal diameter 
end-systolic; TDI, tissue Doppler imaging
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pregnancy, mothers of the current PCOS study groups presented with a significantly 
increased incidence of GDM. This observation is in concordance with three recent me-
ta-analyses, which demonstrated an increased risk of GDM, next to increased chances 
for PIH and PE.8,42,43 In the current study, no augmented incidences of PIH and PE were 
observed in the PCOS group, presumably due to the limited sample size. 

The proportion male to female offspring was largely similar in all study groups. Existing 
studies in children of women with PCOS mostly assessed only males or females.11,26,27 
In contrast, we decided to analyse both males and females, considering that foetuses of 
both sexes have been exposed to risk factors during pregnancy in women with PCOS. 
It is unknown whether gender differences in cardiovascular health comparing males 
and females can already be observed during childhood, like in adult life. We observed 
no differences in cardiovascular health comparing male and female children in the 
current study. When adjusting all results for gender besides age, we found largely the 
same results, except for the LVIDs (data not shown). 

The children from mothers diagnosed with PCOS were disadvantaged regarding all 
the statistically significant differences in cardiovascular and metabolic parameters, ex-
cept for diastolic blood pressure. Regarding the cardiovascular assessments, a signif-
icantly higher pulse pressure was found in the 2.5-4 years old PCOS children. Pulse 
pressure represents the difference between systolic and diastolic blood pressure, which 
rises with increasing arterial stiffness and vascular abnormalities. This finding was not 
in concordance with the lower diastolic blood pressure in PCOS offspring. However, 
the difference is minimal and the blood pressures were within normal limits in both 
groups. Furthermore, PCOS offspring showed significantly higher ventricle diameters 
with corresponding z-scores, which were again within the normal range. High ventricle 
diameters suggest ventricular dilatation, which is a compensatory mechanism to main-
tain the stroke volume to normal levels in case of decreased ventricular ejection. Also, 
a corresponding significantly lower velocity in the septal myocardium during systole 
was demonstrated in PCOS offspring.44 Collectively, these findings may be considered 
an early expression of subtle metabolic and cardiovascular dysfunction in 2.5-4 year 
old PCOS children.45 

An important finding in the 6-8 year old children from mothers with PCOS is the high-
er carotid intima media thickness (IMT) compared with the reference group. Carotid 
IMT is a marker of preclinical stages of atherosclerosis and stiffness.46 The observed re-
sults could mean that children of women with PCOS already have arterial dysfunction, 
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Adjusted mean differences children between 6 and 8 years   

Legend: : LDL, low-density lipoprotein; CIMT, carotid intima media thickness. The Carotid IMT values are 
divided by a factor of ten because the ranges were otherwise too wide for the figure.

Figure 2. Adjusted differences (mean and 95% confidence intervals) of selected parameters, which were signi-
ficantly different comparing children between 6-8 years of age from mother with PCOS  (n=32) and references 
(n=130)

which could lead to atherosclerosis in later life. However, the elastic modulus and dis-
tensibility were not significantly different. To our knowledge, all the abovementioned 
cardiovascular assessments have not previously been studied in children of women 
with PCOS. In summary, all these described observations in young PCOS children 
represent risk factors most likely associated with greater cardiovascular diseases risk 
later in life. 
In the older study group involving children 6-8 years of age, one of the metabolic dif-
ferences is the significantly increased subcutaneous fat mass in the PCOS group com-
pared with the reference group. Although intra-abdominal fat is mostly known for its 
strong association with cardiovascular disease risk, subcutaneous fat is an independent 
risk factor as well.47 It is strongly associated with insulin resistance and subcutaneous 
adipocytes seem to have an important contribution to the total amount of circulating 
free fatty acids.48,49 There seems to be a clear metabolic difference between the PCOS 
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group and the references i.e. increased concentrations of total cholesterol, triglycerides 
and LDL-cholesterol, whereas insulin levels were not significantly different. Dyslipi-
daemia is associated with an increased risk for cardiovascular diseases in later life and 
could already be present during childhood.50 These results correspond partially with 
few studies in PCOS offspring at different ages, which assessed a similar panel of met-
abolic parameters.11,18,26 One study involving 27 sons and daughters from women with 
PCOS at the age of 4-14 years reported no differences at all,18 whereas another study 
involving 75 PCOS daughters at the age of 4-15 years only found higher triglyceride 
levels during puberty.26 A third study involving 80 PCOS sons at the age of 2 months 
until 29 years observed a higher total cholesterol, LDL-cholesterol and insulin levels 
during adulthood, which corresponded well with our findings.11 

One of the limitations of the current study is that we could not directly compare the re-
sults of the young and old age categories of PCOS children, since different assessments 
were performed because of age-related practicalities such as neck dimensions being too 
small in the young age category for a carotid IMT measurement and blood sampling 
being unpractical at such young age. Therefore, we could not assess whether the differ-
ences between the groups aggravate with aging. Further longitudinal follow-up assess-
ment of PCOS children monitoring possible changes over time is urgently warranted. 
Secondly, we cannot exclude that some of the mothers from the reference group were 
diagnosed with PCOS. Thirdly, the observers who performed the assessments were not 
blinded for the PCOS diagnosis of the mother. Subsequently, the occurrence of preg-
nancy complications were self-reported by the mothers, the medical pregnancy data 
were not available for this study. Moreover, we could only assess blood parameters in 
a small proportion of children in the older PCOS group, since few parents consented 
for the blood withdrawal. Finally, the ages of the PCOS groups did not fully overlap 
with the reference group. This was due to the limited number of eligible subjects, which 
created the need to somewhat widen the inclusion criteria. We adjusted all analyses for 
age and weight. Besides these limitations, the current cross-sectional study in young 
children from mothers with PCOS seems a unique study, which assessed a broad spec-
trum of cardiovascular and metabolic risk factors with a good opportunity to adjust for 
confounding variables. Moreover, data on maternal characteristics already from before 
conception and on complications during pregnancy were available in the current study.
It is tempting to speculate to what extent current findings of increased metabolic and 
cardiovascular risk in young children from mothers previously diagnosed with PCOS 
are primarily related to an inherited genetic predisposition, a suboptimal intrauterine 
environment, lifestyle after birth or a combination of these factors. Although the mode 
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Table IV. Echocardiographic assessments of the children at visit 

Child characteristics at the visit 

PCOS children 
age 2.5-4 yeaars 

(n= 42)

Reference 
group age 3-4 

years
(n=168)

Adjusted mean 
difference *a

(95% CI)

P value 
adjusted 
for age 

PLAX view
Inter ventricular septum diastolic (mm) 5.3 ± 0.8 5.4 ± 1.0 -0.1 (-0.5 - 0.3) 0.57

Left ventricle internal diameter end-diastolic (mm) 33.7 ± 2.6 33.0 ± 2.9 1.5 (0.4 - 2.5) 0.01

Left ventricle posterior wall end-diastolic (mm) 4.9 ± 1.0 5.3 ± 0.92 -0.3 (-0.7 - 0.1) 0.10

Left ventricle internal diameter end-systolic (mm) 22.3 ± 2.2 21.7 ± 2.2 1.0 (0.2 - 1.9) 0.02

Fractional shortening (%) 34.0 ± 2.8 33.9 ± 3.5 0.3 (-1.0 - 1.6) 0.64

PSAX view
Right ventricle outflow tract proximally (mm) 20.7 ± 2.4 20.3 ± 2.4 0.7 (-0.3 - 1.7) 0.16

Right ventricle outflow tract distally (mm) 16.0 ± 3.2 15.7 ± 1.7 0.6 (-0.3 - 1.6) 0.20

Pulmonary valve continuous wave mean (m/s) 0.9 ± 0.17 0.96 ± 0.11 -0.04 (-0.1 - 0.02) 0.21

Right ventricle outflow tract pulsed wave mean (m/s) 0.7 ± 0.09 0.64 ± 0.11 0.004 (-0.04 - 0.05) 0.85

AP4CH view
Left ventricle diameter end-diastolic (mm) 37.7 ± 2.5 37.1 ± 3.9 1.3 (0.1 - 2.8) 0.06

Length right ventricle (mm) 49.2 ± 3.8 49.3 ± 4.1 0.4 (-1.2 - 2.0) 0.62

Diam right ventricle (mm) 28.2 ± 2.3 27.1 ± 3.3 1.5 (0.2 - 2.7) 0.04

Area right ventricle end-systolic Right (cm2) 6.0 ± 0.73 6.1 ± 1.0 0.2 (-0.2- 0.7) 0.48

Area right ventricle end-diastolic Right (cm2) 10.5 ± 1.0 10.3 ± 1.4 0.6 (0.001- 1.2) 0.048

Tricuspid annular plane systolic excursion mean (mm) 19.4 ± 1.6 19.2 ± 2.0 0.2 (-0.6 - 0.9) 0.79

Mitral valve early diastole mean (m/s) 0.94 ± 0.10 0.95 ± 0.14 0.002 (-0.1 - 0.01) 0.93

Mitral valve late diastole mean (m/s) 0.55 ± 0.07 0.55 ± 0.10 0.02 (-0.06 - 0.02) 0.35

Tissue doppler imaging septum systole (cm/s) 6.53 ± 0.51 6.9 ± 0.8 -0.4 (-0.7 - -0.1) 0.01

Tissue doppler imaging septum early diastole (cm/s) 12.6 ± 1.3 12.9 ± 1.6 -0.1 (-0.7 - 0.5) 0.71

Tissue doppler imaging septum late diastole (cm/s) 5.5 ± 1.2 5.52 ± 1.2 -0.02 (-0.5 - 0.4) 0.94

Tissue doppler imaging right wall systole (cm/s) 12.0 ± 1.2 12.9 ± 1.8 -0.98 (-1.6 - -0.3) 0.003

Tissue doppler imaging right wall early diastole (cm/s) 14.8 ± 2.4 15.1 ± 2.4 -0.1 (-1.0 - 0.8) 0.78

Tissue doppler imaging right wall late diastole (cm/s) 9.5 ± 2.0 8.6 ± 1.8 0.5 (-0.2 - 1.2) 0.17

Tissue doppler imaging left wall systole (cm/s) 8.0 ± 1.5 7.9 ± 1.7 0.4 (-0.3 - 0.9) 0.38

Tissue doppler imaging left wall early diastole (cm/s) 16.7 ± 2.1 17.5 ± 3.0 -0.6 (-1.7 - 0.5) 0.31

Tissue doppler imaging left wall late diastole (cm/s) 6.4 ± 1.2 6.3 ± 1.4 0.002 (-0.5 - 0.5) 0.995

 
Legend: PCOS, polycystic ovary syndrome; PLAX, parasternal long axis; PSAX, parasternal short axis; AP4CH, apical 4 
chamber
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of inheritance of PCOS remains uncertain, a distinct familial clustering of this con-
dition has been clearly established.51 Moreover, recent observations demonstrate that 
metabolic and endocrine features including insulin resistance and hyperandrogenism 
are often present in first-degree relatives of women with PCOS.52–54 In pregnant women 
with PCOS the intra-uterine environment is likely to be suboptimal due to to the clear-
ly increased incidences of pregnancy complications, especially GDM, and the co-mor-
bidities of women with PCOS including insulin resistance, obesity and hyperandrogen-
ism. 51 Studies in Rhesus monkeys convincingly demonstrated that intra-uterine excess 
exposure of androgens alone resulted in a significantly increased risk of metabolic ab-
normalities in offspring, possibly by epigenetic modification.55–57  

In conclusion, the current study demonstrates that young children of women previous-
ly diagnosed with PCOS present with obvious subclinical abnormalities in relation to 
cardiovascular and metabolic health. Caution is warranted because such suboptimal 
conditions could aggravate with increasing age, resulting in increased chances for type 
2 diabetes and cardiovascular diseases in later life. 
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This thesis covers three main topics in infertile women diagnosed with polycystic 
ovary syndrome (PCOS): i.e. preconception risk factors, the incidence and pathop-
hysiology of pregnancy complications, and metabolic and cardiovascular health of 
offspring from women with PCOS.
 

Previous studies in women with PCOS from our study group leading to this thesis
From 2004 onwards, data from women presenting with oligomenorrhoea/amenorr-
hoea, anovulatory infertility, or acne/hirsutism (clinical sign of androgen excess) who 
were referred to the outpatient clinic of our academical hospital, were collected in a 
database (COLA study). These women underwent an extensive standardized screening 
prior to any intervention.1 Relatively few information was available based on well-de-
signed prospective follow-up studies regarding implications of PCOS for becoming 
pregnant, being pregnant and risks for their offspring. Therefore, we started monito-
ring women with PCOS closely in a research setting. 
In 2006, our research group published a meta-analysis (predominantly involving re-
trospective studies), which demonstrated that women with PCOS have an evidently 
increased risk of pregnancy complications including gestational diabetes (GDM), preg-
nancy-induced hypertension, pre-eclampsia and preterm delivery.2 From 2008-2012, 
we therefore conducted a large prospective follow-up study in four hospitals, in which 
326 women with PCOS and a wish to conceive were included prior to conception (Co-
PPer study). Of these women, 206 achieved a pregnancy of which 189 resulted in a live 
birth (Figure 1). The earliest results from the COLA and CoPPer study reported that 
a live birth is achieved in 78% of women with PCOS with a wish to conceive who are 
treated with ovulation induction treatment.3,4 Furthermore, SHBG levels before con-
ception were demonstrated to be closely associated with the risk of developing GDM 
during pregnancy. 
This thesis is mainly based on data from the CoPPer study. Figure 1 specifies which part 
of this prospective cohort was used for each of the chapters. For the study in offspring 
of women with PCOS, we selected children from women with PCOS who received the 
standardized screening before conception. 

Main findings of studies presented in the current thesis
In this thesis, we aimed to gain more insight into the incidence and risk factors of preg-
nancy complications in women with PCOS, its pathophysiology and the impact of the 
syndrome on the cardiovascular and metabolic health of their offspring. 
Chapter 2 comprises a narrative review, which describes the incidence and pathop-
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hysiology of several maternal and neonatal pregnancy complications, the prevention 
and management of these complications and the health of PCOS offspring. There is 
sufficient evidence that women with PCOS have an increased risk of maternal and ne-
onatal pregnancy complications. Several features including obesity, insulin resistance, 
infertility treatments and placental factors could cause this. However, the exact me-
chanism is unclear. Some studies have focused on the short-term effects in offspring 
of women with PCOS. Subsequently, offspring of women with PCOS seem to have a 
worse metabolic profile and higher androgen levels compared with offspring of wo-
men without PCOS. Moreover, daughters have an increased risk of polycystic ovarian 
morphology (PCOM). Data on long-term effects in PCOS offspring are lacking. Also, 
data on the management and prevention of pregnancy complications are lacking or 
controversial; although a lot of studies have been performed in assessing the effect of 
metformin, its usefulness is still debated.
In chapter 3, associations between preconception characteristics of 189 women who 
became pregnant and the occurrence of one of the most common complications in 
women with PCOS, GDM, were assessed. Fasting glucose, fasting insulin, first-degree 
relatives with type 2 diabetes, androstenedione and SHBG turned out to be predictive 
for the development of GDM, already before conception, with an accuracy of 0.87. 
The incidence of pregnancy complications in singleton pregnancies in 188 (Figure 1) 
women with PCOS was compared with a population-based reference group of 2,889 
women in chapter 4. The incidence of developing GDM (OR 4.15), delivering a small 
for gestational age (SGA) infant (OR 3.76) and induced preterm delivery (OR 7.77) 
was significantly increased in women with PCOS compared with the reference group. 
Despite the high incidence of GDM, we did not find increased numbers of large for 
gestational age (LGA) infants, but instead we found increased numbers of SGA infants. 
This may possibly be due to the intensive glycaemic control in our study population; 
every woman underwent an oral glucose tolerance test (OGTT) and, in case of GDM, 
was treated with a diet or insulin. Another explanation might be alterations in placen-
tation, since placentas of women with PCOS show signs of thrombosis and infarction, 
which are associated with intra-uterine growth restriction (see chapter 6). 
In contrast to the results of three important meta-analyses, we did not find an increased 
risk of pregnancy-induced hypertension or pre-eclampsia.2,5,6 A possible explanation 
could be that a lot of studies did not adjust for confounding factors (maternal age, 
parity, BMI). In addition, due to the multifactorial pathophysiology of these pregnancy 
complications it is complex to explain this discrepancy with certainty. Furthermore, 
we demonstrated that women with the hyperandrogenic PCOS phenotype have a sig-
nificantly higher incidence of maternal pregnancy complications compared with the 
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normo-androgenic PCOS phenotype (P=0.003). Only two studies in pregnancy com-
plications distinguished between the different PCOS phenotypes, of which one was 
retrospective and had corresponding findings with ours. 7,8 
Insulin action was assessed in 72 women with PCOS who developed GDM and com-
pared with women with PCOS who did not develop GDM in chapter 5. Glucose, in-
sulin, HOMA-IR, SHBG and testosterone were assessed at three different time points: 
prior to conception, in the first trimester, and in the second trimester of pregnancy. In 
women who developed GDM, insulin and HOMA-IR were significantly higher at all 
time points with only significantly higher glucose levels in the second trimester (i.e. at 
the moment of diagnosis). SHBG levels were significantly lower at all time points. Pos-
sibly, women with PCOS who develop GDM already have disturbed insulin sensitivity 
early in pregnancy with increased insulin levels in order to keep glucose concentra-
tions within normal ranges. This could have an attenuating effect on SHBG secretion 
by placental estrogens. Furthermore, women who developed GDM had a significantly 
higher free androgen index (FAI) compared with women who did not (P=0.006). This 
is supported by the finding that the hyperandrogenic PCOS phenotype seems to be 
more insulin resistant than the non-hyperandrogenic phenotype.9 
In chapter 6, macroscopic and microscopic placental characteristics of 73 placentas 
from women with PCOS were compared with 209 placentas from women who deliv-
ered at term after an uncomplicated pregnancy. We found that placentas from wom-
en with PCOS show more signs of inflammation, thrombosis, and villous immaturity 
compared with placentas from women without PCOS, independent of pregnancy com-
plications (GDM, pregnancy-induced hypertension and preeclampsia). Placentas of 
women with pregestational diabetes show comparable findings, which could indicate 
that the impaired placentation is caused by metabolic alterations that are associated 
with PCOS.10,11 The presence of more nucleated red blood cells, thrombosis and infarc-
tion may reflect signs of vasular damage and fetal hypoxia.12 
In chapter 7 we focused particularly on the health of offspring from women diagnosed 
with PCOS. The cardiovascular health of 74 children from women with PCOS in two 
age categories (2.5-4 years and 6-8 years) was compared with 298 children from a 
population-based reference group. We demonstrated that children from women with 
PCOS have obvious subclinical alterations in metabolic and cardiovascular health, 
which is reflected by an increased pulse pressure and a higher left ventricle diameter in 
the young age category as well as a higher carotid intima media thickness, subcutane-
ous fat mass, total cholesterol level, triglyceride and LDL-cholesterol level in the older 
age category. Most of these assessments have not been performed in children from 
women with PCOS before, let alone in children this young. All these findings represent 
risk factors that are associated with an increased cardiovascular disease risk later in life. 
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Erasmus MC 
(n=49)

VUMC 
(n=56)

St Elisabeth Tilburg  
(n=59)

UMCU 
(n=162)

Chapter 3
ongoing pregnancy 

(n=189)

Chapter 5
glucose and 
insulin data 

(n=72)

Chapter 4
singleton 

pregnancies 
(n=188)

Chapter 6
placentas
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Figure I. Flowchart indicating patient recruitment from each participating center. The bottom rows indicate 
which part of the CoPPer prospective cohort study was used for each of the chapters

Implications of current findings and proposed future research regarding preg-
nancy complications 
Earlier findings suggesting that women with PCOS present with significantly increased 
pregnancy complications (based on three previous meta-analyses) have been con-
firmed in the studies presented in this thesis.5,6,13 Above all, we found an increased 
incidence of GDM in women with PCOS. Currently, it remains uncertain what the im-
pact of GDM on mothers with PCOS and offspring is, since no follow-up studies have 
yet been performed to investigate long-term outcomes. GDM is, independently from 
PCOS, suggested to have impact on both the health of mother and child.14 Based on 
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the results of a thorough systematic review and meta-analysis, women who developed 
GDM have a sevenfold increased risk of type II diabetes in later life.15 Consequently, 
these women are at increased risk of cardiovascular disease, which is partly attributable 
to the occurrence of type II diabetes.16–18 
Excessive growth of the child may occur due to high maternal glucose levels during 
pregnancy that cross the placenta (in contrast to maternal insulin).14,19 LGA infants are 
at increased risk of shoulder dystocia and asphyxia when delivered vaginally.20,21 After 
birth, offspring from women with GDM have an increased risk of impaired glucose tol-
erance, obesity, metabolic syndrome, and type 2 diabetes.22–26 We believe that all these 
risks apply to women with PCOS and their offspring as well, since they are overall more 
metabolically disturbed compared with women without PCOS. GDM could directly re-
sult from a more disturbed PCOS phenotype and therefore the negative effect of GDM 
per se on the future health of offspring remains to be elucidated.
According to Dutch guidelines, every woman with a risk factor for developing GDM 
(e.g. PCOS, BMI>30) should undergo an OGTT at 24-28 weeks of gestation in order to 
diagnose or rule out GDM, after screening for pre-existent diabetes in the first trimes-
ter. When GDM is diagnosed, women initially receive a diet. A glucose curve is deter-
mined twice a week and in case of no sufficient glycemic control, insulin treatment is 
started. Another treatment option instead of insulin is to start oral insulin sensitizers 
such as glibenclamide or metformin, which show the same effect on glucose regulation 
and the incidence of pregnancy outcomes compared with insulin.27,28 Although both 
are not yet registered for use during pregnancy, both seem to have a low risk of terato-
genicity.29  
The preconception prediction model we developed could be a useful tool to select 
women with PCOS who are at a particularly increased risk to develop GDM during 
pregnancy. These women could be monitored more intensively in order to prevent 
them from developing GDM or to reduce adverse outcomes when a woman has devel-
oped GDM. However, our prediction model has to be externally validated before it can 
be implicated in clinical practice.  
Future research should focus on the high incidence of GDM in women with PCOS. A 
well-powered randomised controlled trial (RCT) should be performed to study inter-
ventions in order to reduce the high incidence of GDM in women with PCOS. Cur-
rently, there is no clear evidence for the insulin sensitizer metformin to reduce the 
risk of developing GDM in women with PCOS, except for in non-randomised con-
trolled trials.31 Only five poorly powered RCTs were performed studying the effect of 
metformin on pregnancy complications, with varying moments of starting metformin 
administration (before conception or during pregnancy) and different doses.32–36 We 
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would suggest performing a RCT that compares the use of myo-inositol with the use 
of placebo in women with PCOS, starting prior to conception and continuing during 
pregnancy. Myo-inositol is considered as a dietary supplement with insulin sensitizing 
effects, which is present in fruits, vegetables and all seed-containing food.37 Myo-in-
ositol is suggested to be a safe supplement during pregnancy, with no reported harm 
for the foetus and mother.38 In a recent RCT, myo-inosotol reduced the occurrence 
of GDM in pregnant women (PCOS status unknown) with a family history of type 2 
diabetes compared with placebo.39 Furthermore, a retrospective study in women with 
PCOS suggested that myo-inositol could reduce the development of GDM.38 
Since we demonstrated that women with PCOS who develop GDM already have a dis-
turbed insulin action before conception, we believe that it might be useful to start with 
myo-inositol prior to conception. Primary outcome measures would be the occurrence 
of GDM and other maternal complications, neonatal complications (e.g. LGA, SGA) 
and obstetric outcomes. Ideally, the offspring of these women should be followed re-
garding the occurrence of childhood obesity, metabolic syndrome, insulin resistance 
and type 2 diabetes. 
In addition, special attention should be paid to the different phenotypes in women with 
PCOS, since women with hyperandrogenic PCOS have a higher incidence of preg-
nancy complications and are metabolically more disturbed (i.e. metabolic syndrome, 
insulin resistance) compared with normo-androgenic PCOS.8  
Furthermore, follow-up studies should be performed in women with PCOS to assess 
long-term metabolic and cardiovascular consequences of pregnancy complications. It 
is suggested that pregnancy complications including GDM, pregnancy-induced hyper-
tension or preeclampsia are associated with an increased risk of developing type 2 dia-
betes and cardiovascular diseases in mothers, independent from PCOS.15,40–42 Soon, the 
results of a cross-sectional study from multiple study groups including ours regarding 
the cardiovascular and metabolic health in women with PCOS > 45 years of age will 
follow. 

Implications and future research regarding offspring from women with PCOS
In this thesis, it was shown that children born from women with PCOS have metabolic 
and cardiovascular abnormalities already at young age. It remains uncertain what the 
implications of these results might be, since our study is the first in assessing metabolic 
and cardiovascular parameters in children this young. The differences are subtle but all 
in disadvantage of children from women with PCOS and most likely associated with 
an increased risk of cardiovascular disease in later life. Potential causes of these al-
terations are genetic predisposition and a disturbed intra-uterine environment during 
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conception and pregnancy due to features such as obesity, insulin resistance, hyperan-
drogenism and/or pregnancy complications.43 It remains questionable whether these 
alterations are already present after birth and can be positively or negatively influenced 
by environmental factors such as nutrition or physical activity. These alterations could 
possibly aggravate with increasing age, with for example increased chances for devel-
oping type 2 diabetes and cardiovascular disease in later life. We think it is useful that 
future research should focus on following offspring from women with PCOS in order 
to find out whether these alterations become worse, remain or disappear. The cardio-
vascular and metabolic health should be assessed every several years and the nutrition-
al, physical and hormonal status should be taken into account as well. From the age of 
6 years, the most important assessments, which could be performed at every visit, are 
intra-abdominal and subcutaneous fat mass, a carotid intima media thickness, blood 
pressure, lipid levels, glucose, insulin and CRP. During and after puberty, boys should 
probably be distinguished from girls because of substantially other hormonal profiles 
compared with girls. Furthermore, during adolescence, daughters should be screened 
for PCOS, since this could possibly mean that they even have a higher risk of develop-
ing metabolic and cardiovascular abnormalities. 
In short, future research should pay attention to cardiovascular and metabolic long-
term consequences for offspring of women with PCOS, since these children may pos-
sibly be at increased risk of developing cardiovascular and metabolic abnormalities.
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Samenvatting 

Het doel van dit proefschrift is om meer inzicht te krijgen in het vóórkomen en de ri-
sicofactoren van zwangerschapscomplicaties bij vrouwen met het polycysteus ovarium 
syndroom (PCOS). Daarnaast willen we weten wat de impact van het syndroom is op 
de gezondheid van hart en bloedvaten van kinderen van vrouwen met PCOS.
PCOS is een aandoening die in 6-15% van de vrouwen in de vruchtbare levensfase voor-
komt.1,2 De meeste vrouwen met PCOS presenteren zich op de polikliniek gynaecologie 
met vruchtbaarheidsproblemen, een onregelmatige cyclus, het uitblijven van een men-
struatie, met acné of met overbeharing.3 De diagnose wordt gesteld als andere oorzaken 
zijn uitgesloten en er sprake is twee van de drie volgende criteria: (1) veel eiblaasjes in 
de eierstokken (echografisch), (2) onregelmatige menstruele cyclus of uitblijven van 
de menstruatie en (3) klinische tekenen (acné, overbeharing) of biochemische teke-
nen (bepalingen in het bloed) van een te hoge hoeveelheid aan mannelijk hormoon. 
Vrouwen met PCOS hebben een verhoogd risico op afwijkingen in de stofwisseling 
zoals overgewicht, een verhoogd cholesterolgehalte en suikerziekte.2 Daarnaast hebben 
vrouwen met PCOS als ze zwanger zijn een verhoogd risico op zwangerschapscom-
plicaties zoals een hoge bloeddruk, zwangerschapsvergiftiging, zwangerschapssuiker-
ziekte, vroeggeboorte (< 37 weken) en een te klein kind voor de zwangerschapsduur.5–7 
Kinderen van vrouwen met PCOS laten ook meer afwijkingen in de stofwisseling en 
de vaten zien dan kinderen van vrouwen die geen PCOS hebben.8–11 Erfelijke factoren 
zouden hier een oorzaak van kunnen zijn.12 Daarnaast wordt er gedacht dat dit zou kan 
komen door een verstoord ‘milieu’ in de baarmoeder waarin de foetus verblijft tijdens 
de zwangerschap vanwege het vele vóórkomen van zwangerschapscomplicaties en de 
stofwisselingsafwijkingen bij vrouwen met PCOS.13,14 

Hoofdstuk 2 is een samenvatting van de huidige literatuur waarin het vóórkomen en 
de mechanismen achter zwangerschapscomplicaties in vrouwen met PCOS wordt be-
schreven. Daarnaast wordt er aandacht besteed aan het voorkómen en de behandeling 
van de zwangerschapscomplicaties en de gezondheid van de kinderen van vrouwen 
met PCOS. Er is voldoende bewijs dat vrouwen met PCOS tijdens hun zwangerschap 
een verhoogd risico hebben op complicaties van moeder en kind. Overgewicht, pro-
blemen met de glucosehuishouding (suiker), onvruchtbaarheidsbehandelingen en 
problemen met de placenta (moederkoek) kunnen oorzaken zijn van zwangerschaps-
complicaties. Echter is de exacte werking hiervan (nog) niet duidelijk. Er zijn nog te 
weinig studies bekend die zich hebben gericht op het voorkomen en het behandelen 
van de zwangerschapscomplicaties bij vrouwen met PCOS. Alleen het gebruik van een 
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bepaald medicijn tegen suikerziekte (metformine) is al meermaals onderzocht, maar 
de werking hiervan is niet overtuigend.
Er zijn ook studies die zich hebben bezig gehouden met de kortetermijneffecten van de 
complicaties op de gezondheid van kinderen van vrouwen met PCOS. Deze kinderen 
hebben meer mannelijk hormoon en hebben een meer afwijkende stofwisseling dan 
kinderen van vrouwen zonder PCOS. Daarnaast hebben dochters van vrouwen met 
PCOS een hogere kans op veel eiblaasjes in de eierstokken (net als hun moeders). Er 
zijn geen gegevens over de langetermijneffecten op kinderen van vrouwen met PCOS.
In hoofdstuk 3 is een model gemaakt waarin karakteristieken van vóór de zwanger-
schap bij 189 vrouwen met PCOS werden gebruikt om de kans op het ontwikkelen 
van suikerziekte (één van de meest voorkomende complicaties) in de zwangerschap te 
voorspellen. Zwangerschapssuikerziekte heeft, los van PCOS, serieuze korte- en lange-
termijngevolgen voor zowel de moeder (metabool syndroom, ouderdomssuikerziekte) 
als het kind (overgewicht, metabool syndroom).4 De combinatie van suiker (glucose), 
insuline, een bepaald mannelijk hormoon (androsteendion), een bepaald eiwit (SHBG) 
en het vóórkomen van suikerziekte bij eerstegraads familieleden kunnen gezamenlijk 
de kans op het ontwikkelen van zwangerschapssuikerziekte zeer accuraat voorspellen. 
Zo kunnen vrouwen die een verhoogd risico op zwangerschapssuikerziekte hebben al 
vóór de zwangerschap worden geselecteerd om tijdens de zwangerschap nauwkeurig te 
worden gecontroleerd om de ontwikkeling van suikerziekte te voorkómen of (om) de 
consequenties voor moeder en kind te doen verminderen.
Het vóórkomen van zwangerschapscomplicaties in eenlingzwangerschappen bij 188 
vrouwen met PCOS werd vergeleken met een referentiegroep bestaande uit 2889 vrou-
wen in hoofdstuk 4. Vrouwen met PCOS hebben een vier keer verhoogde kans op 
het ontwikkelen van zwangerschapssuikerziekte, ze hebben bijna vier keer verhoogde 
kans op een pasgeborene die te klein is voor de zwangerschapsduur en ze hebben een 
bijna acht keer verhoogde kans op een (door inleiding) geïnduceerde vroeggeboorte 
(zwangerschapsduur onder 37 weken). In tegenstelling tot zwangerschapssuikerziekte 
bij vrouwen in het algemeen, vonden we geen verhoogde kans op een pasgeborene 
die te groot is voor de zwangerschapsduur. Dit zou kunnen komen door de intensie-
ve glucosecontroles gedurende de zwangerschap. Elke vrouw werd getest op zwanger-
schapssuikerziekte en, indien nodig, behandeld met een dieet of insuline. Het verhoog-
de risico op kinderen die te klein zijn voor de zwangerschapsduur zou ook kunnen 
worden veroorzaakt door bepaalde afwijkingen in de placenta die geassocieerd zijn 
met groeivertraging (zie hoofdstuk 6). Ook werd aangetoond dat vrouwen met PCOS 
met verhoogd mannelijk hormoon een nog hoger risico lijken te hebben op zwanger-
schapscomplicaties dan vrouwen met PCOS met een normale hoeveelheid aan manne-
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lijk hormoon in het bloed. 
In hoofdstuk 5 werd het verloop van insuline tijdens de zwangerschap gemeten bij 
vrouwen met PCOS die zwangerschapssuikerziekte ontwikkelden vergeleken met 
vrouwen met PCOS die geen zwangerschapssuikerziekte ontwikkelden. De diagnose 
zwangerschapssuikerziekte werd gesteld bij een zwangerschapsduur van 24-26 we-
ken op basis van glucosewaarden in het bloed na een glucose belastingtest. Insuline is 
een hormoon dat ervoor zorgt dat glucose in de cel wordt opgenomen. Op drie mo-
menten is het insuline gemeten: voor de zwangerschap, in het eerste trimester van de 
zwangerschap en in het tweede trimester. Bij vrouwen die zwangerschapssuikerziekte 
ontwikkelden waren alle insulinewaarden duidelijk hoger dan bij vrouwen die geen 
zwangerschapssuikerziekte ontwikkelden. Het zou kunnen dat cellen bij vrouwen die 
zwangerschapssuikerziekte ontwikkelen al vroeg in de zwangerschap minder gevoelig 
zijn voor insuline waardoor de insulinewaarden verhoogd zijn om de glucosewaarden 
binnen ‘normale’ grenzen te houden. Bij de vrouwen die in het tweede trimester het 
niet meer lukt om de glucosewaarden binnen de grenzen te houden wordt de diagnose 
zwangerschapssuikerziekte gesteld. Vervolgens bleek dat vrouwen die zwangerschaps-
suikerziekte ontwikkelden een duidelijk hogere hoeveelheid mannelijke hormoon heb-
ben dan vrouwen die geen zwangerschapssuikerziekte ontwikkelden. Deze bevinding 
wordt bevestigd door een andere studie waaruit blijkt dat de cellen van vrouwen met 
PCOS met een verhoogd mannelijk hormoon minder gevoelig zijn voor insuline, wat 
leidt tot hogere insulinewaarden om de glucosewaarden op peil te houden.15 
In hoofdstuk 6 werden de placenta’s van 73 vrouwen met PCOS vergeleken met die van 
209 vrouwen die een ongecompliceerde voldragen zwangerschap hadden doorgemaakt  
(referentiegroep). De placenta’s van vrouwen met PCOS lieten meer tekenen van in-
fectie, trombose en onrijpheid zien vergeleken met placenta’s uit de referentiegroep, 
onafhankelijk van zwangerschapscomplicaties. Een eerdere studie liet zien dat placen-
ta’s van vrouwen die voor de zwangerschap al suikerziekte hadden overeenkomstige 
afwijkingen lieten zien, net als de placenta’s van vrouwen met PCOS uit onze studie.16,17 
Dit zou kunnen betekenen dat de stofwisselingsstoornissen die geassocieerd zijn met 
PCOS voor een minder goede aanleg van de placenta zouden kunnen zorgen. De pla-
centa-afwijkingen zouden oorzaken kunnen zijn voor een zuurstoftekort in de placenta 
met als gevolg een tekort aan zuurstof voor de foetus, hoewel dit in onze studie niet 
naar voren kwam.18

Tenslotte draait het in hoofdstuk 7 om de gezondheid van het hart en de bloedvaten 
van kinderen van vrouwen met PCOS. In totaal werden 74 kinderen uit twee leeftijds-
groepen (2½ tot 4 jaar en 6 tot 8 jaar) vergeleken met 298 kinderen uit een referen-
tiegroep wat de normale populatie weerspiegeld. Kinderen van vrouwen met PCOS 
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laten subtiele afwijkingen zien ten opzichte van de referentiegroep, hoewel kinderen 
op deze leeftijd daar nog niets van merken. Kinderen van vrouwen met PCOS hebben 
iets stijvere vaten, grotere linker hartkamers, een grotere vetmassa en een hoger choles-
terolgehalte vergeleken met kinderen uit de referentiegroep. Dit zijn allemaal resultaten 
die geassocieerd zijn met een verhoogd risico op hart- en vaatziekten later in het leven. 
Omdat er nog weinig tot geen onderzoek is gedaan naar de langetermijneffecten weten 
we niet hoe dit voor kinderen van vrouwen met PCOS zal uitpakken. Er moet nog veel 
meer onderzoek gedaan worden om te kijken of de afwijkingen bij deze kinderen alleen 
maar groter worden of dat ze wellicht zullen verdwijnen naarmate de kinderen ouder 
worden. 
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lijks met elkaar te lunchen en koffie te drinken, te borrelen en andere leuke dingen te 
doen!



Acknowledgements

9

201

Janine, ‘Smitje’, wij zijn tegelijk begonnen met ons promotietraject en wat was het leuk! 
Het laatste jaar hebben we samen een kamer gedeeld waar we geregeld aan het keten 
waren. Lekker meezingen met de muziek, dansjes, af en toe wat tranen en vooral heel 
hard gewerkt. Het was een toptijd! Kristine, ‘Kris,’ als kamergenoot heb ik enorm veel 
respect voor je gekregen hoe jij alles aanpakt. We zagen je niet veel omdat je vaak in 
het GDL was, maar het was erg gezellig als jij ineens verscheen. Nadine, ‘Daan’, we 
hebben al die jaren lekker samen gewerkt, of het nou ging om de COLA of om andere 
projecten. Ik heb enorm genoten van je analyserend vermogen in veel kwesties! Mar-
tine, je kwam er wat later bij, maar daar was niks van te merken met je aanwezigheid. 
Super leuk dat we nu samen in Apeldoorn zitten! Kim, heerlijke Brabo, super leuk dat 
jij in de groep kwam. Dank voor alle leuke dineetjes! Jaap, als enige man heb jij je goed 
staande weten te houden in het kippenhok. Ik heb veel van je geleerd en vooral veel 
gelachen om je droge humor. Charine, het is ongelooflijk hoe hard jij kan werken! Ik 
heb veel respect voor hoe jij zoveel ballen tegelijk in de lucht weet te houden. Annelien, 
‘de Kat,’ wat super dat jij van een student een collega werd! Met jouw gastvrijheid en 
het jaarlijkse ‘turkey dinner’ zorgde je ervoor dat het niet alleen in het UMC gezellig 
was, maar ook daarbuiten! Gerbrand en Tobias, jullie horen ook zeker een beetje bij 
ons ‘kantje.’ Geregeld waren jullie bij ons te vinden voor koffie, een goed gesprek en een 
leuke lunch. Jullie zijn toppers! 

Onderzoekers van de ‘overkant,’ op maandag zagen we elkaar bij de onderzoekerslunch 
waar we de heerlijkste broodjes bouwden en de leukste gesprekken voerden, het was 
een waar kippenhok! Er werd natuurlijk ook vaak genoeg geborreld en eens in de zo-
veel tijd een ‘gay safari’. Dank jullie wel voor alle gezelligheid! 

Lieve bugjes, mijn oud-huisgenoten, ondanks dat ik niet veel over mijn werk wilde 
praten, bleef een aantal van jullie steeds geïnteresseerd in waar ik mee bezig was. Jullie 
zorgden vooral voor ontspanning in al die jaren in de vorm van escape rooms, geza-
menlijk voetbal (EK/WK) kijken, een lustrumdag en andere leuke activiteiten. Ik hoop 
dat ik in de toekomst weer wat vaker van de partij kan zijn!

Lieve raadjes, ook al zien we elkaar niet zo vaak meer als een aantal jaren geleden, de 
avondjes samen blijven minstens zo waardevol! Dank voor jullie steun en luisterend 
oor. De afgelopen jaren zijn voor enkelen van ons niet makkelijk geweest, maar dat 
bracht ons eigenlijk alleen maar dichter bij elkaar. Het is bizar om te zien wat iedereen 
een ontwikkelingen doormaakt. Binnenkort zal het eerste huwelijk plaatsvinden en wie 
weet wat daarna allemaal nog zal volgen… 



9

Chapter 9

202

Lieve familie Smits, Henk & Miriam, Roeland & Wendy, Laurent & Marijke en Cathe-
lijne & Paul. Wat heb ik het met jullie getroffen! Je thuis voelen bij jullie is niet moeilijk 
met jullie gastvrijheid. Jullie betrokkenheid waardeer ik zeer. 

Lieve Wies en Merijn, ‘schoonzus’ en ‘zwager’, wat fijn dat jullie onderdeel van onze 
familie zijn geworden. Wies, ik heb enorm respect voor wat jij allemaal bereikt hebt in 
korte tijd. Fijn dat je daarnaast zo goed voor Roeland zorgt! Merijn, wat een verade-
ming om een niet-medicus in de familie te hebben, hopelijk heb je niet teveel ‘last’ van 
onze verhalen. ;-)

Lieve paranimfen, Sofieke en Wieke, ik ben jullie erg dankbaar dat jullie naast mij wil-
len staan tijdens mijn verdediging! Fiek, lief zusje, je bent erg belangrijk voor mij! Als 
ik ergens mee zit, ben jij één van de eersten bij wie ik mijn verhaal kwijt kan. Met je 
wijze adviezen weet je me altijd enorm te helpen. Je hebt het vroeger echt niet altijd 
makkelijk gehad als jongste van drie, maar je hebt je er fantastisch doorheen geslagen 
en op jouw eigen manier je pad weten te bewandelen. Privé gaat het je allemaal voor de 
wind en dat geldt ook voor zakelijk; heel knap hoe jij bezig bent met een promotietra-
ject binnen de farmacie!   
Lieve Wacko, hoe leuk dat wij ooit huisgenoten werden. De klik was er meteen en wat 
hebben we al die jaren een lol gehad! Helaas zien we elkaar niet zo vaak meer nu je wat 
verder weg woont in het Brabantse. Je bent één van de weinigen die me iedere keer 
trouw bleef vragen hoe het ging met mijn promotie en dat waardeer ik zeer! Wie weet 
is het ook wat voor jou…? ;-) 

Lieve Roeland, als oudere (en wijzere) broer ben je altijd een soort voorbeeld voor me 
geweest. Als jonge peuter liep ik graag achter je aan en wat betreft carrière gebeurt 
dat nog steeds. Beiden hebben we in Utrecht gestudeerd en veel leuke dingen gedaan. 
Ik ben erg trots op wat je allemaal bereikt hebt tot dusver! Jammer dat we elkaar wat 
minder zien door onze drukke banen, maar dat wordt vast beter nu ik ook straks klaar 
ben met m’n promotie. Dat we nog maar veel kaastengels en lekkere biertjes kunnen 
drinken! 

Lieve papa en mama, waar was ik geweest zonder jullie onvoorwaardelijke steun en 
liefde? Mede dankzij jullie heb ik de kans gehad om het pad te bewandelen zoals ik dat 
voor ogen had. Jullie zijn mijn stabiele ‘thuishaven’ waar ik altijd bij terecht kan als het 
voor mijn gevoel even wat minder gaat. Jullie helpen me dan te relativeren. Mam, wat 
was het fijn dat je er vroeger altijd voor ons was, ook al is dat niet altijd makkelijk voor 
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je geweest. Ik vind het heerlijk om met jou dagjes weg te gaan. Het trekt me even weg 
uit de dagelijkse ‘sleur’ van werken en de gesprekken die we altijd voeren zijn me erg 
dierbaar. Pap, mijn grote voorbeeld. Ik liep graag rond in de praktijk en voor mij was al 
meteen duidelijk dat ik ook dokter wilde worden. Je bent als arts altijd zeer toegewijd 
geweest en daarnaast heb je ook voldoende tijd voor ons vrij weten te maken. Ik ben erg 
blij voor je dat je binnenkort meer tijd hebt voor jezelf en voor mama als je gaat stoppen 
met werken. Geniet ervan!

Lieve Maarten, allerliefste schat, wat is het fijn om bij jou te zijn! Ik ben super trots op 
je hoe goed jij alles doet en hoe je dingen aanpakt. Ik kan nog veel van je leren. Als er-
varingsdeskundige weet je precies waar ik mee bezig ben en het is ongelooflijk hoe goed 
jij me hebt geholpen bij alles, van inhoud tot lay-out. Je bent altijd bereid me overal bij 
te helpen. Soms neem ik je eerlijkheid niet in dank af, maar uiteindelijk blijk je toch 
vaak (niet altijd ;-)) gelijk te hebben! Sorry dat ik soms zo eigenwijs ben… Het lijkt me 
heerlijk om straks wat meer tijd samen te hebben, nu ik niet meer iedere vrije minuut 
in mijn proefschrift hoef te steken. Ik ben heel gelukkig met jou en ik weet zeker dat we 
een mooie toekomst tegemoet gaan!




