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PCOS PRECONCEPTION BMI AND OFFSPRING BMI AND BLOOD PRESSURE

Associations of preconception Body Mass Index in women with PCOS and BMI
and blood pressure of their offspring
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Utrecht, Utrecht, the Netherlands; cJulius Centre for Health Sciences and Primary Care, University Medical Center Utrecht, University of Utrecht,
Utrecht, the Netherlands

ABSTRACT
Women with polycystic ovary syndrome (PCOS) have unfavorable metabolic profiles. Their offspring may
be affected by such risks. The objective of the current study was to disclose associations between precon-
ception health of these women and health of their offspring. 74 women diagnosed with PCOS according
to the Rotterdam criteria were screened systematically before conception. Cardiovascular health of their
offspring was assessed at 2.5–4 (n¼ 42) or at 6–8 years of age (n¼ 32). Multivariate linear regression ana-
lysis was performed with adjustments for potential confounders. In the primary analyses the association
between preconception Body Mass index (BMI) and offspring BMI was evaluated. Secondly associations
between preconception blood pressure, androgens, insulin-resistance (HOMA-IR), and LDL-cholesterol in
women with PCOS and BMI and blood pressure of offspring were assessed. Results show that preconcep-
tion BMI of women with PCOS was positively associated with sex- and age-adjusted BMI of their offspring
at 6–8 years of age (b¼ 0.55 (95% CI: 0.12 to 0.97), p¼ .012). No other significant associations were found.
In conclusion, our data suggest that preconception BMI in PCOS is significantly associated with offspring
BMI at 6–8 year of age. If this suggestion could be confirmed this may provide an opportunity for improv-
ing the future health of these children.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common endo-
crine disorder in female reproductive age with a reported inci-
dence between 6 and 15% [1,2]. The exact etiology of PCOS
remains unknown, but the interplay between genetic, intrauter-
ine, and environmental factors is suggested to play a key role in
the development of PCOS [3]. According to the 2003 Rotterdam
consensus criteria, at least two out of the following three features
must be present in PCOS: oligo- or anovulation, clinical or bio-
chemical hyperandrogenism and polycystic ovaries on ultra-
sound. Metabolic features associated with PCOS are insulin
resistance, obesity, dyslipidemia, and later in life onset of type 2
diabetes mellitus [2,4].

Pregnancies in women with PCOS exhibit an increased risk
for maternal and neonatal complications (e.g. gestational diabetes
and compromised perinatal outcomes) [5,6]. A large Australian
study in which PCOS patients were included based on
International Classification of Diseases (ICD) codes shows –
besides an increased risk for pregnancy complications – also an
increased risk for hospitalizations of offspring of women with
PCOS (n¼ 3,626 PCOS offspring, n¼ 35,340 offspring from con-
trols) until the age of 15 years. Reasons for hospitalizations dif-
fered from pulmonic, circulatory, endocrine or neurological
pathology [7].

In the general population, strong and consistent evidence sup-
ports the notion that the intrauterine environment during preg-
nancy impacts on health of offspring later in life [8–11]. Data on
the general population demonstrate that preconception maternal
features influence health of offspring, mainly blood pressure and
Body Mass index (BMI). It must be noticed that these precon-
ception parameters were retrieved from questionnaires or inter-
views with patients during pregnancy or even postpartum up to
years after the birth of their offspring. Various cohort studies
using this retrospectively retrieved data conclude that prepreg-
nancy obesity and BMI is associated with high blood pressure in
offspring [12–14]. Prepregnancy BMI is also reported to be asso-
ciated with offspring adiposity [15]. In fact maternal obesity is
linked with higher childhood adiposity and a higher cardiovascu-
lar disease risk [16,17]. Two cohort studies show that prepreg-
nancy BMI and obesity are associated with a high systolic blood
pressure in childhood [18,19]. This also accounts for higher insu-
lin and triglyceride levels and lower HDL-cholesterol levels in
offspring from obese mothers [13]. In the general population,
blood pressure in children is strongly associated with their blood
pressure in adult life [20]. A similar tracking phenomenon is
seen in BMI: the trajectories of childhood BMI remain quite
similar in adulthood [21,22].

At present, sufficient robust data are lacking regarding a pos-
sible association between the condition of women with PCOS
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before conception and health of their offspring. Therefore, we
aim to evaluate the association between maternal BMI in women
diagnosed with PCOS assessed before conception and offspring
BMI. In secondary analyses, the association between prepreg-
nancy or preconception blood pressure, androgens, HOMA-IR,
and LDL-cholesterol of women with PCOS on offspring BMI
and blood pressure, will be evaluated.

Materials and methods

Design and patient selection

Women with oligomenorrhea or amenorrhea were screened fol-
lowing a standardized procedure in our outpatient clinic. This
procedure contains a questionnaire, physical examination, pelvic
ultrasound, and a laboratory assessment. The protocol of this
evaluation is extensively explained elsewhere [23,24,25]. PCOS
was diagnosed using the Rotterdam criteria [4]. Only women
with PCOS who gave birth to a life born baby between January
2005 and August 2008 or between September 2008 and
December 2010 were eligible to participate in this study with
their child. Children were divided in two groups of 2.5–4 years
of age and 6–8 years of age. Exclusion criteria for the PCOS off-
spring were history of diabetes mellitus type 1 or a respiratory
infection less than 2weeks before a visit [26].

The institutional review board of the UMC Utrecht approved
the standardized screening of women with PCOS (trial registry
number: NCT02309047) and the cross-sectional follow-up study
of PCOS offspring (trial registry number: NCT01767051).

Written informed consent was obtained from all participating
women at the time of the standardized extensive screening and
from the parents at the time of the follow-up study.

Clinical assessments

The offspring follow-up was conducted in the two earlier men-
tioned age categories. Similar in both groups was a parental
questionnaire in which parental and children’s habits and health
were evaluated: family history regarding cardiovascular events
and diabetes mellitus, anthropometrics, intoxications (smoking,
alcohol, and drug use), physical exercise, and chronic diseases.

Information on birth and pregnancy complications (Appendix 1)
was also asked for: birth weight, gestational diabetes (75-g oral
glucose tolerance test: fasting glucose� 5.1mmol/L, 1 h gluco-
se� 10.0mmol/L, 2 h glucose� 8.5mmol/L) [27], pregnancy-
induced hypertension (systolic blood pressure was � 140mm/Hg
and/or the diastolic blood pressure was � 90mm/Hg), pree-
clampsia (pregnancy-induced hypertension with proteinuria:
�300mg/24 h [28], or hemolysis elevated liver enzymes low pla-
telets syndrome.

A detailed description of the study protocol for the PCOS off-
spring follow-up study was published elsewhere [26]. In brief,
during the physical examination of the offspring the following
measurements were performed: height, weight and twice in
supine position the blood pressure.

We calculated age- and sex-dependent SDS (standard devi-
ation scores or Z-scores) of offspring BMI using Dutch reference
data [29]. Sex- and height-dependent blood pressure percentiles
were calculated following the 2016 European Society of
Hypertension guidelines of high blood pressure in children and
adolescents. Blood pressure below the 90th percentile were
defined as normal, blood pressure � 90 and < 95th percentile
was defined as high-normal and blood pressure � 95th percent-
ile was defined as hypertension [30]. In the multivariate analyses,
only systolic blood pressure was used as this was a stronger pre-
dictor of high blood pressure and unfavorable cardiometabolic
profile in adulthood [31].

Statistical analysis

All data were analyzed using SPSS Statistics (IBM SPSS Inc.,
Chicago, IL, version 21.0). Means and standard deviations were
calculated for all continuous variables after assessing whether
they were normally distributed. Dichotomous variables were pre-
sented as numbers and percentages. To assess the association
between maternal factors and offspring BMI and blood pressure
we used linear regression and corrected for maternal age, parity
and ethnicity. We used standardized preconception characteris-
tics which resulted in standardized beta coefficients with standar-
dized 95% confidence intervals. To correct for multiple testing
we divided p values of .05 into two, since we are testing two

Preconception 

PCOS

BMI    
BP   
HOMA-IR   
LDL 

 

2.5-4 yrs.     6-8 yrs.

PCOS

Pregnancy

BMI     
BP 

Offspring

Figure 1. Schematic representation of the current analysis: Offspring health might be directly and indirectly associated with preconception and pregnancy characteris-
tics in women with PCOS. Abbreviation: BMI: body mass index; BP: blood pressure; HOMA-IR: insulin resistance; in blue: the investigated associations in this paper; in
gray: the potential role of pregnancy in mother-offspring associations; LDL: low-density lipoprotein-cholesterol; PCOS: polycystic ovary syndrome
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independent age groups for each maternal parameter. Therefore
p value <.025 was considered statistically significant.

The concept of this study has been visualized in Figure 1; the
health of offspring is directly and indirectly influenced by their
mother’s health during and before a pregnancy. Via the indirect
pathway factors such as pregnancy complications and birth
weight play a significant role. There is a difficulty in correcting
for birth weight and pregnancy complications in our analyses,
namely that these factors could also causally influence systolic
blood pressure and BMI of the offspring [32]. To avoid any false
associations we choose to refrain from correcting for birthweight

and pregnancy complications [33]. We did choose however to
correct for maternal age, ethnicity, and parity, known confound-
ers in mothers–offspring associations [32]. Two twin pairs were
present in the dataset, for whom we adjusted for in our analyses.
In the analyses of the younger age group we did not correct for
race and twins for it was an all-Caucasian non-twin age group.
We choose to analyze our data primarily in two different age
groups taking potential effects of catch up growth into account
[34]. We fitted models for the entire offspring group
(Appendix 2) and compared models with and without an inter-
action term for age group and thereafter we fitted models for
each age group separately.

Results

A total of 74 women-child pairs were included: 42 children in the
young offspring group (2.5–4 years) and 32 children in the older
group (6–8 years). The offspring was female in 49% (n¼ 36) of all
cases (Table 1). During preconception the mean age of all 74
women was 31.8±3.7 with a BMI of 25.7±5.9 kg/m2 (Table 2).
Three children (4.1%) had a high-normal systolic blood pressure,
and one child (1.4%) had hypertension [30]. Three (4.1%) children
had a BMI > þ2 standard deviations and four (5.4%) had a BMI
< -2 standard deviations.

Preconception factors and BMI of their offspring

BMI of women and sex- and age-adjusted BMI SDS of their off-
spring was significantly associated in the older offspring age

Table 1. Offspring characteristics in the two age groups.

Birth

Offspring 2.5–4
year old
n¼ 42

Offspring 6–8
year old
n¼ 32

Female gender 19 (45%) 17 (53%)
Birth weight (gram) 3.310 ± 730 3.298 ± 535
SGA 4 (10%) 3 (9%)
LGA 4 (10%) 2 (6%)
Age (years, ±) 3.3 ± 0.6 7.0 ± 0.8
Follow-up
BMI (kg/m2) 15.9 ± 1.6 15.3 ± 1.5
BMI SDS 0.07 ± 1.3 �0.16 ± 1.0
Systolic blood pressure (mm/Hg) 99 ± 8 107 ± 7
Systolic blood pressure percentile 51 ± 21 66 ± 17
Diastolic blood pressure (mm/Hg) 59 ± 3 56 ± 7
Diastolic blood pressure percentile 44 ± 19 40 ± 20
Heart rate (rate/min) 99 ± 10 82 ± 12

±: standard deviation; %: percentage; BMI: body mass index, kg/m2: kilograms
per square meter; LGA: large for gestational age; min: minute; mm/Hg: milli-
meters mercury; n: number; PCOS: polycystic ovary syndrome; SDS: standard
deviation score; SGA: small for gestational age.

Table 2. Preconception characteristics of mothers with PCOS from the two offspring age groups.

Women with offspring 2.5–4 year Women with offspring 6–8 year
n¼ 42 n¼ 32

Current age (mean, ±) 34.1 ± 6.5 38.8 ± 6.0
Race
Caucasian 40 (95%) 32 (100%)
Non-Caucasian 2 (5%) 0 (0%)

Waist (cm) 86 ± 15 83 ± 17
Hip (cm) 106 ± 14 101 ± 11
Overweight 21 (50%) 15 (47%)
BMI (kg/m2) 26.3 ± 6.7 24.9 ± 4.8
Smoking
Never 34 (81%) 25 (78%)
Current smoker 6 (14%) 6 (19%)
Stopped smoking 2 (5%) 1 (3%)

Alcohol consumption
Never 11 (26%) 15 (47%)
>2 a week 16 (38%) 9 (28%)

F&G score �4 10 (24%) 15 (47%)
F&G score �8 4 (10%) 5 (16%)
Systolic blood pressure 125 ± 13 129 ± 15
Diastolic blood pressure 79 ± 12 80 ± 10
Biochemical markers
Fasting glucose 5.2 ± 0.6 5.3 ± 1.2
Fasting insulin 8 ± 5 8 ± 7

Total cholesterol 4.7 ± 0.7 5.1 ± 1.1
Triglycerides 0.8 ± 0.5 1.0 ± 0.4
LDL-cholesterol 2.8 ± 0.7 2.9± 0.9
HDL-cholesterol 1.6 ± 0.5 1.7 ± 0.4
Androstenedione 7.6 ± 2.9 8.3 ± 3.5
Testosterone 2.1 ± 0.9 2.4 ± 0.9
FAI 5.0 ± 3.0 4.9 ± 2.7
Sex hormone-binding globulin 52 ± 24 55 ± 22
TSH 2.8 ± 6.9 2.1 ± 1.9

±: standard deviation; %: percentage; cm: centimeter; F&G score: Ferriman and Gallwey; FAI: Free Androgen Index: ([testoster-
one]/[SHBG])�100%= FAI); HDL-cholesterol: high-density lipoprotein cholesterol; LDL-cholesterol: low-density lipoprotein choles-
terol; n: number; overweight: BMI> 25 kg/m2; TSH: thyroid-stimulating hormone.
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group (6–8 years old) (b¼ 0.55 (95% CI: 0.12–0.97), p¼ .012)
(Table 3). Such an association could not be observed in the
younger children. Furthermore, systolic blood pressure, andro-
gens, HOMA-IR, and LDL-cholesterol of the mother were not
significantly associated with BMI SDS for either offspring age-
group. No significant p values were observed when adding an
interaction term to the models (Table 3).

Preconception factors and blood pressure of their offspring

Preconception BMI, systolic blood pressure, androgens, HOMA-
IR, and LDL-cholesterol of the mother were not significantly
associated with blood pressure SDS for both offspring age-groups
(Table 3).

Discussion

Main findings

We observed a significant association between preconception
BMI of women with PCOS and sex- and age-adjusted BMI of
their offspring at 6–8 years, but not at 2.5–4 years of age. No sig-
nificant associations were identified between preconception sys-
tolic blood pressure, androgens, insulin resistance, and lipids,
with offspring parameters. To our knowledge, the current pre-
liminary analysis represents the first attempt to study a possible
association between preconception health parameters in women
with PCOS and health of offspring.

The observed association between preconception BMI of
women diagnosed with PCOS and BMI of their offspring is con-
sistent with previous studies in the general population regarding
preconception features in women and offspring health
[12,14,19,32]. However, we were unable to observe a link between
lipid concentrations in women with PCOS and offspring health as
described in the general population [35]. Animal studies show
that high levels of androgens could be related to an unfavorable
cardiovascular profile in offspring [36,37]. We did not find this in
our study, potentially due to the relatively small sample size.
Another factor possibly influencing our study results could be that
the average preconception BMI and blood pressure are not exces-
sively high and quite mild in comparison with international PCOS
literature [38]. It has been confirmed that the Netherlands have
relatively low rates of overweight in comparison with Western
Developed countries [39]. In the younger children we were unable
to find an association between preconception BMI and offspring
BMI. A reason for this lack of association could be that the effect
of maternal BMI could not yet be measured at this young age and
impact is more pronounced in older children. Catch up growth
might still play a subtle role in the younger age group, considering
the fact that 10% of the children in the younger offspring group
are small for gestational age (Table 2) [40]. Unfortunately we
could not confirm a difference in age group by adding an inter-
action term to the models. In our population we could not con-
firm any association between preconception systolic blood
pressure and offspring health.

Strengths

The strengths of the current study may be summarized as fol-
lows; all women underwent an extensive standardized screening
before conception, as published before [23,24,41]. Therefore, we
are certain that our population consists of women with PCOS
following the Rotterdam criteria only. Unlike other studies, we Ta
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did not use questionnaires or interviews in which we retrospect-
ively asked for preconception BMI, but we used prospectively
collected preconception data [7]. Blood pressure in women and
offspring was clinically measured twice after a period of rest. To
our knowledge this is the first analysis in which factors measured
before conception in women with PCOS are linked with data
from a standardized screening of offspring.

Limitations

However, the major weakness of the current study is the limited
sample size. It should be taken into account when interpreting
the results of this preliminary study that we only were able to
detect distinct differences. In a recent publication, maternal
AMH is thought to have an influence on their intra-uterine off-
spring [42]. Unfortunately data on anti-m€ullerian hormone
(AMH) is lacking, we did not measure AMH in a standardized
manner when screening these women during preconception.
Thus, information on the potential link in our population
between preconception AMH level and cardiometabolic profile
of the offspring remains unknown.

Conclusions

In conclusion, the current study demonstrates that preconception
BMI of future mothers with PCOS influences the BMI of their
offspring, as already known from studies in the general popula-
tion. We also know that BMI in childhood age is a tracking phe-
nomenon throughout adulthood [43–45]. According to this
phenomenon; obese children are likely to stay obese during early
adulthood. The prevalence of overweight and obesity in children
is increasing and cardiometabolic profiles are less favorable
among overweight children [21,46,47]. The window of opportun-
ity to achieve a favorable BMI in children is during the precon-
ception phase of a future mother with PCOS in need of
infertility care. Optimizing maternal health may eventually opti-
mize the health of the generations still to be born.
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Appendix 1. Pregnancy and labor complications

Women with Women with
offspring
2.5–4 years

offspring
6–8 years

n¼ 42 n¼ 32

Conception:
Spontaneous 13 (31%) 20 (63%)
Ovulation induction (Clomiphene citrate) 11 (26%) 9 (28%)
Ovulation induction (gonadotrophins) 8 (19%) 5 (16%)
IUI (with or without stimulation) 3 (7%) 3 (9%)
IVF/ICSI 6 (14%) 1 (3%)

GDM 8 (19%) 2 (6%)
PIH 1 (2%) 6 (19%)
PE 1 (2%) 0
HELLP 0 1 (3%)
Preterm delivery 5 (12%) 3 (9%)
GDM/PIH/PE 10 (24%) 8 (25%)
Hypertensive complications 2 (5%) 7 (22%)
Any maternal complication 10 (24%) 9 (28%)
Instrumental delivery 13 (31%) 10 (31%)
Secondary cesarean section 4 (10%) 7 (22%)

Legend: %¼ percentage, GDM¼ gestational diabetes, PIH¼ pregnancy induced
hypertension, HELLP¼Hemolysis Elevated Liver enzymes Low Platelets
Syndrome, hypertensive complications: PE, PIH or HELLP, ICSI¼ intracytoplasmic
sperm injection, IUI¼ intrauterine insemination, IVF ¼ in vitro fertilization,
n¼ number, PE¼ Preeclampsia, maternal complications¼GDM, PIH, PE
or HELLP.

Appendix 2. Adjusted linear regression in both
offspring groups together.

Offspring BMI
Offspring Systolic
blood pressure

Preconception factors of
women with PCOS b (95%CI) p-value b (95%CI) p-value

Primary endpoint
BMI 0.02 0.4 �0.012 1.0

(-0.03-0.78)
Secondary endpoint

Systolic blood pressure �0.27 0.07 0.5 0.8
(-0.55-0.19) (-4.19-5.12)

Free Androgen Index 0.17 0.3 1.75 0.5
(-0.14-0.48) (-3.01-6.52)

HOMA-IR �0.05 0.9 �0.19 0.9
(-0.28-0.3) (-4.62-4.23)

LDL-cholesterol �0.01 0.9 �1.13 0.6
(-0.29-0.32) (-5.62-3.36)

Legend: b (95%CI) ¼ standardized Beta with 95% Confidence Intervals,
BMI¼ body mass index, HOMA-IR¼ homeostasis model assessment-estimated
insulin resistance, LDL-cholesterol¼ low-density lipoprotein cholesterol.
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