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Abstract

Women with polycystic ovary syndrome (PCOS) have compromised cardiovascular health profiles and an increased risk of
pregnancy complications. In order to evaluate potential consequences, we aim to compare the cardiovascular and metabolic
health of the children from women with PCOS with a population-based reference cohort. We included children from women
with PCOS between the age of 2.5 to 4 years (n = 42) and 6 to 8 years (n = 32). The reference groups consisted of 168 (3-4 years
old) and 130 children (7-8 years old). In an extensive cardiovascular screening program, we measured anthropometrics and blood
pressure (all children), heart function and vascular rigidity (young children), metabolic laboratory assessment and carotid intima
thickness (old age-group). Results showed that young PCOS offspring have a significantly lower diastolic blood pressure (f = 2.3
[95% confidence interval, Cl: 0.5-4.0]) and higher aortic pulse pressure (p = —1.4 [95% Cl: —2.5 to —0.2]), compared to the
reference population. Furthermore, a higher left ventricle internal diameter but a lower tissue Doppler imaging of the right wall in
systole compared to the reference group was found. Older offspring of women with PCOS presented with a significantly lower
breast and abdominal circumference, but higher triglycerides (B = —0.1 [95% Cl: —0.2 to —0.1]), LDL-cholesterol (3 = —0.4 [95%
Cl: —0.6 to —0.1]), and higher carotid intima-media thickness (B = —31.7 [95% CI: —46.6 to —16.9]) compared to the reference
group. In conclusion, we observe subtle but distinct cardiovascular and metabolic abnormalities already at an early age in PCOS
offspring compared to a population-based reference group, despite a lower diastolic blood pressure, breast, and abdominal
circumference. These preliminary findings require confirmation in independent data sets.
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Polycystic ovary syndrome (PCOS) is a common endocrine
disorder, affecting 6% to 15% of all women of reproductive

age."? According to the Rotterdam consensus criteria, PCOS is
diagnosed when at least 2 of the following 3 criteria are present
(after exclusion of other potential causes): oligo- or anovula-
tion, polycystic ovaries, and clinical or biochemical signs of
hyperandrogenism.® Other features such as infertility, obesity,
and metabolic dysfunction (eg, insulin resistance, dyslipide-
mia) often coincide in women with PCOS.? Familial clustering
of PCOS suggests a heritable component of this heterogeneous
condition, although the genes involved remain elusive.*®
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Besides a presumed genetic susceptibility, other features
associated with PCOS may affect future health of offspring, such
as obesity and unfavorable metabolic dysfunction of the
mother,” placental abnormalities, and increased pregnancy com-
plications.®® The concept—initially put forward by Barker—
that periconceptional health of women along with subsequent
embryo development during early pregnancy affects the future
health of offspring is increasingly recognized.'®

It has been demonstrated that PCOS offspring may have an
increased risk of hyperinsulinemia and insulin resistance from
puberty onward.!''"!3 Insulin resistance is associated with
endothelial dysfunction, which may emerge already during child-
hood by accumulation of lipids within the blood vessel walls."*'3
As a result, children from women with PCOS might also show
signs of vascular changes early in life. However, a single study in
76 PCOS daughters observed no difference in glucose-challenged
salivary insulin concentrations compared to controls.'®

Potential cardiovascular and metabolic implications for oft-
spring of well-phenotyped women with PCOS have not been
studied in great detail. According to a single study, eumenorrheic
nonhirsute young adult daughters with a mean age of 24 years of
women with PCOS present with unfavorable cardiovascular fea-
tures such as an increased blood pressure and increased fasting
insulin when compared to age and body mass index (BMI)
matched controls.'” Other studies in PCOS offspring mainly
focused on reproductive features and metabolic consequences
of PCOS during childhood."'""*'® Moreover, potential sex differ-
ences in PCOS offspring remain poorly studied.

We hypothesize that the children from women with PCOS
may already have subtle signs of reduced metabolic and car-
diovascular health early in life. Therefore, the aim of the
current study was to compare cardiovascular and metabolic
health in children from women with PCOS at 2.5 to 4 years
and 6 to 8 years of age, with children of comparable age from
a population-based reference group.

Methods
Design

Children of women with PCOS. Children were recruited by women
who were approaching extensively screened and diagnosed
with PCOS at the outpatient clinic of the department of repro-
ductive medicine of the University Medical Centre Utrecht
(UMCU) from 2004 onward.>'” Women with PCOS who
delivered a live born baby between January 2005 and Decem-
ber 2010 were asked to participate with their child in The
CHildren follow-up Of women with PcoS (CHOPS) study.
Exclusion criteria for children participating in our study were
heart defect, type I diabetes, or a respiratory infection less than
2 weeks before screening. Written informed consent was
obtained from both parents, and screening took place between
February 2013 and July 2014.

Reference group. The design of the CHOPS study deliberately
has great similarities with the reference cohort to improve

comparability between study populations. The reference group
was also recruited from the similar region of Utrecht, the
Netherlands, and was part of the WHeezing Illnesses STudy
LEidsche Rijn (WHISTLER). All newborns born since 2001
in Leidsche Rijn near the city of Utrecht were invited for this
population-based follow-up study. Exclusion criteria were
gestational age <36 weeks, major congenital abnormalities,
or neonatal respiratory disease. The study design and rationale
of the parental follow-up study and the offspring study WHIS-
TLER and WHISTLER-cardio were previously published
elsewhere. 20

Funding bodies. The Child Health research program of the
UMCU, the Dutch Heart Foundation (2013T083), ZonMw
(2100.0095), and GlaxoSmithKline, had no role in the design,
data collection, analysis and interpretation of data, or writing of
the article, or the decision to submit the article for publication.

Questionnaires and Clinical Assessments

Differences between the 2 age groups occurred, the widely
used method for assessing cardiovascular risk, a carotid
intima-media thickness measurement (IMT),> is impossible
in the youngest group due to a discrepancy between the size
of the ultrasound transducer and the neck dimensions. Further-
more, due to patient involvement in the design of this study, we
refrained from blood withdrawal within the younger age-group.

Both age categories. Before screening, a questionnaire was sent
to the parents, gathering information on health status of both
parents, family history of cardiovascular diseases and preg-
nancy information (gestational diabetes mellitus [GDM],
pregnancy-induced hypertension [PIH], preeclampsia [PE],
and the hemolysis, elevated liver enzymes, and low platelets
syndrome). Data on menstrual cycle pattern, mode of concep-
tion, and parity were unavailable among mothers from the
WHISTLER cohort.>"**

Screening in younger study group. Weight and height of the child
were measured while being bare foot and in underclothing with
a standard electronic scale and a stadiometer, respectively.
A nonelastic tape measure was used for circumference measure-
ments. Breast circumference was measured twice after expira-
tion at the height of the nipples. Waist circumference was
assessed twice after expiration between the superior iliac ante-
rior spine and the lowest rib. Furthermore, blood pressure and
vascular rigidity were measured using arteriography. A trans-
thoracic echocardiogram was also performed using the Vivid 7
ultrasound machine (GE Healthcare, Milwaukee and Wauwa-
tosa, Wisconsin) with a 6 S, 2.7 to 8.0 MHz transducer with
continuous electrocardiographic monitoring.?'** All echocar-
diograms were performed by the same medical doctor (J.B.E.)
who was trained intensively. Echocardiographic measurements
were performed according to the guidelines of the pediatric
council of the American Society of Echocardiography®>*® and
were previously described elsewhere.?” Analyses of the
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echocardiograms of both study groups were performed by
1 observer (M.A.W.) who was blinded for clinical measurements
of the children and was supervised by an experienced cardiolo-
gist (F.J.M.).

Older study group. Anthropometrics and blood pressure were
measured similar to the children of the younger age category.
Subsequently, a carotid IMT measurement (in supine position)
was performed.?'** The carotid IMT of the far wall and the
diameter during diastole and the distension (change in diameter
from diastole to systole) of the right common artery were
assessed by using high resolution echo-tracking technology
(Art.lab, Esaote, Genoa, Italy) including a 128 line radiofre-
quency line multiarray, with an L10-5 40 mm linear array
transducer.”® The whole procedure was described elsewhere.*?
Averages of the distension, lumen, and the carotid IMT were
used to demonstrate the arterial elasticity by cross-sectional
distensibility and the elastic modulus. These measurements
were performed by a medical doctor (A.M.V.E.).

Laboratory Assessments

A blood sample was asked from all children in the older study
groups, which was processed and stored at —80°C, immedi-
ately after withdrawal. In the reference group, fasting glucose,
fasting insulin, total cholesterol, triglycerides, HDL-cholesterol
and C-reactive protein (CRP) were determined immediately
after withdrawal. In the PCOS offspring group, assessments
were performed after storage in a —80° freezer. The analyses
within both study groups were previously used and performed
with a DxC800/AU5811 (Beckman Coulter, Fullerton, Califor-
nia), and fasting insulin was measured on the Modular E170
(Roche Diagnostics, Mannheim, Germany).?> A homeostatic
model assessment insulin resistance (HOMA-IR) was calculated
as a measure of insulin resistance with the following formula:
[HOMA-IR = (glucose x insulin)/22.5]. LDL-cholesterol was
calculated with the formula of Friedewald.

Statistical Analysis

The sample size was based on children who were conceived by
assisted reproductive technologies. Their pulse wave velocity was
significantly higher (mean 7.8 [2.4]; a standardized difference
[Cohen D] = 0.5, assuming the largest of the 2 standard devia-
tions).*® The study was designed to include offspring from
women with PCOS and reference participants in a ratio of 1:4.
A further increase of the reference group has no additional
value.®' A statistical power of 80% would be achieved to detect
a standardized difference of 0.5, when 40 PCOS children were
included per age category. In case 30 PCOS children were
included, power for this difference would still be close to 70%.
All data were analyzed using SPSS Statistics (IBM SPSS Inc,
Chicago, Illinois, version 21.0). A BMI was calculated for both
groups: [Weight/Length?]. Means and standard deviations were
calculated for all normally distributed continuous variables and

medians with interquartile ranges for all nonnormally distributed
variables. Missing data were handled by using single imputation.

The multivariate analysis of variance (MANOVA) test was
used on different composite outcomes, of which each compo-
site outcome comprised a different domain of offspring health
to refrain from multiple testing. In case the overall test was
significant, we used the MANOVA post hoc test. The general-
ized linear models function in SPSS was used for MANOVA.
Age- and sex-specific BMI Z scores were calculated based on
data of Dutch children from the Dutch organization for applied
scientific research (TNO). In multivariable analyses, we
adjusted for age- and sex-adjusted BMI Z scores and multiple
gestations. We decided to adjust for sex in a sensitivity analysis
since the effect of sex on cardiovascular and metabolic health is
not clear yet in young children (see Supplemental Material).
We refrained from a matched study design since this does not
control for confounding by the matching factors. It could even
introduce confounding by the matching factors.*>** Data on
maternal and pregnancy characteristics were analyzed by using
univariate analyses: Student ¢ tests (normally distributed data)
and Wilcoxon rank sum test (nonparametric data). And for
nominal and ordinal ? test or Fisher exact test (in case of little
events were present). P values <.05 were considered statisti-
cally significant. Z Scores were determined for the diameter 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.**

Results

Hundred and thirteen women with PCOS had children from
2.5to 4 or 6 to 8 years old. A few women declined participation
because of the travel time (n = 19) or the burden for their child
(n = 18). One child was excluded because of a type I diabetes
mellitus, and parents of 2 children did not provide a reason.
A total of 42 children (2.5-4 years) and 32 children (6-8 years)
were included (CHOPS). The reference groups consisted of
168 children (3-4 years) and 130 children (7-8 years; WHIS-
TLER). Tables 1 and 2 show that the age of the CHOPS groups
in both age categories was significantly lower than the refer-
ence groups (3.3 [0.6] vs 3.7 [0.2] and 7.0 [0.8] vs 8.1 [0.5],
respectively, both P < .001).

Young Study Group (Between 2.5 and 4 Years)

The MANOVA post hoc test shows that the diastolic blood
pressure is significantly lower in PCOS offspring (B = 2.3
[95% confidence interval, CI: 0.5-4.0], P = .012; Table 1). The
MANOVA post hoc test on arterial stiffness shows that the
pulse pressure was significantly higher in PCOS offspring
(B=—-1.4195% CI: —2.5to —0.2], P = .021). The echocardio-
graphic measurements in the young study group were available
for 86% (n = 36) of all children in the PCOS group and 81%
(n = 136) of all children in the reference group. No statistically
significant were found between children of available and una-
vailable echocardiography data (data not shown). Children in the
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Table I. Anthropometrics, Blood Pressure, Arteriographics, and Echocardiographics (Means and SD) in 42 PCOS Children and 168 Children in

the Reference Group (Age Range: 2.5-4 Years).?

CHOPS PCOS WHISTLER
Children Reference Group Linear Regression:
Characteristics (n = 42) (n = 168) P Value
Age, Years 3.3 (0.6) 3.7 (0.2) <.001
Height, cm 100.2 (5.5) 102.2 (4.5) 892°
Weight, k§ 16.1 (2.6) 17.1 (2.3) 652°
BMI, kg/m 15.9 (1.6) 16.4 (1.3) 293°
MANOVA With Post Hoc Test®: P Value Adjusted for Sex-
Age-Specific-BMI Z score® and Multiple Gestation
Anthropometrics (n=42) (n = 168) .530
Breast circumference, cm 53.1 (3.0) 54.0 (2.7) -
Abdominal circumference, cm 51.3 3.8) 52.8 (3.5) —
Blood pressure (n=3l) (n = 136) .018
Systolic blood pressure, mm Hg 93 (7) 94 (7) 671
Diastolic blood pressure, mm Hg 48 (6) 50 (5) 012
Arterial stiffness (n =27) (n=74) .025
Pulse wave velocity aorta, m/s 5.8 (0.8) 5.6 (0.7) 951
Pulse pressure aorta, mm Hg 38.0 (4.0) 36 (4) .021
Systolic blood pressure on aorta,  85.2 (6.2) 87 (7) 364
mm Hg
Echocardiography (n = 36) (n = 136) .003
Left ventricle internal 34 (3) 33 (3) .036
diameter end-diastolic, mm,
PLAX
Left ventricle internal diameter 22 (2) 22 (2) .184
end-systolic, mm, PLAX
Left ventricle diameter 38 (3) 37 (4) 281
end-diastolic, mm, AP4CH
Tissue Doppler imaging left wall 8 (I) 8(2) .968
systole, cm/s
Tissue Doppler imaging left wall 17 (2) 18 (3) 260
early diastole, cm/s
Tissue Doppler imaging left wall 6 (1) 6 (1) 925
late diastole, cm/s
Tissue Doppler imaging septum 7(1) 7(1) .080
systole, cm/s
Tissue Doppler imaging septum 13 (1) 13(2) 440
early diastole, cm/s
Tissue Doppler imaging septum 6 () 6 () .628
late diastole, cm/s
Tissue Doppler imaging right wall 12 (1) 13 (2) .003
systole, cm/s
Tissue Doppler imaging right wall 15 (2) 15@3) 491
early diastole, cm/s
Tissue Doppler imaging right wall 9(2) 9(2) .051

late diastole, cm/s

Abbreviations: AP4CH, apical four chamber; BMI, body mass index; CHOPS, The CHildren follow-up Of women with PcoS; cm, centimeter; mm Hg, millimeter of

mercury; n, number; PCOS, polycystic ovary syndrome; PLAX, parasternal long axis; WHISTLER, WHeezing llinesses STudy LEidsche Rijn; MANOVA,

multivariate analysis of variance.

?Italics and boldface indicates statistical significance at P < .05.

PLinear regression adjusted for age.

‘MANOVA (overall P value in gray row) with post hoc test: MANOVA with a post hoc test for which the results from the post hoc test will only be displayed if the

overall MANOVA was significant.

9Age- and sex-specific BMI Z score based on the Dutch population.

PCOS group did show significant differences in the following
2 parameters: a higher end-diastolic left ventricle internal dia-
meter (fp = —0.986 [95% CI: —1.909 to —0.063], P = .036) and
a lower systolic tissue Doppler imaging of the right wall (B = 0.9

[95% CI: 0.3-1.5], P = .003) compared to the reference group.
Additionally, adjusting for sex shows similar significant findings
in almost every, except for one borderline significant and one
borderline nonsignificant, outcome (see Supplemental Material).



1496

Reproductive Sciences 25(10)

Table 2. Anthropometrics, Blood Pressure, and Carotid Intima Media Thickness (Means and SD) for 32 PCOS Children and 130 Children in the

Reference Group (Age Range: 6-8 Years).?

CHOPS WHISTLER

PCOS Group Reference Group

Linear Regression

Characteristics (n=32) (n = 130) P Value
Age, years 7.0 (0.8) 8.1 (0.5) <.001
Weight, kg 23.8 (4.3) 279 (4.2) 439°
Height, cm 125 (7) 132 (5) .050°
BMI, kg/m? 15.3 (1.5) 15.8 (1.7) 841°
MANOVA With Post Hoc Test®: P Value Adjusted for
Age-Specific-BMI z Score and Multiple Gestation®
Anthropometrics <.00]
Breast circumference, cm 58.6 (4.0) 62.6 (4.1) <.001
Abdominal circumference, cm 54.5 (4.1) 582 (4.7) <.00]
Blood pressure (n =32) (n = 129) .528
Systolic blood pressure, mm Hg 103 (6) 105 (8) -
Diastolic blood pressure, mm Hg 55 (6) 54 (6) —
Blood assessments (n=14) (n = 130) .041
Glucose, mmol/L 4.7 (0.4) 4.6 (0.3) .632
Insulin, mIU/L 44 (1.9) 5.6 (2.5) 216
HOMA-IR 0.9 (0.4) 1.2 (0.5) -
Cholesterol, mmol/L 4.9 (1.3) 44 (0.7) 134
Triglycerides, mmol/L 0.7 (0.2) 0.5 (0.2) 031
HDL-cholesterol, mmol/L 1.5 (0.3) 1.4 (0.2) 476
LDL-cholesterol, mmol/L 3.1 (1.3) 2.8 (0.6) 015
CRP, mg/L 1.6 (4.0) 2.5 (3.1) 371
Carotid intima media thickness (n = 32) (n = 130) .001
Carotid intima media thickness, um 414 (42) 382 (37) <.001
Distensibility, kPa~" x 1073 93 (26) 92 (42) 999
Elastic modulus, kPa 162 (58) 182 (54) 153

Abbreviations: BMI, body mass index; CHOPS, The CHildren follow-up Of women with PcoS; CRP, C-reactive proteine; cm, centimeter; HOMA-IR, homeostasis
model assessment-estimated insulin resistance; kPa, kilo Pascal; mIU/L, Milli-International Units Per Liter; mm Hg, millimeter of mercury; mmol/L, millimoles per
liter; pm, micrometer; n, number; PCOS, polycystic ovary syndrome; WHISTLER, WHeezing llinesses STudy LEidsche Rijn.

?Italics and boldface indicates statistical significance at P < .05.
PLinear regression adjusted for age.

‘MANOVA (overall P value in gray row) with post hoc test: MANOVA with a post hoc test of which the results from the post hoc test will only be displayed if the

overall MANOVA was significant.
9Age- and sex-specific BMI Z score based on the DUTCH population.

*HOMA-IR was not included in the MANOVA for the 2 components of HOMA-IR (glucose, insulin) were already taken into account separately in the MANOVA.

Older Study Group (Between é and 8 Years)

After adjusting for confounders, lower breast and abdominal
circumferences were found in the PCOS offspring compared to
the reference group (B = 3.2 [95% CI: 2.3-4.2], P <.001 and
= 2.8 [95% CI: 1.7-3.8], P < .001, respectively). Unlike in the
WHISTLER cohort, blood assessments could only be per-
formed in 14 (44%) children. The CHOPS children from whom
blood samples were withdrawn did not differ significantly (see
Supplemental Material). Triglycerides (B = —0.1 [95% CI:
—0.2 to —0.1], P = .031) and LDL-cholesterol (f = —0.4
[95% CI: —0.6 to —0.1], P = .015) were significantly higher
in the PCOS group in comparison with the reference group.
Furthermore, the carotid IMT was significantly higher com-
pared to the reference group (B = —31.7 [95% CI: —46.6 to
—16.9], P < .001). After additional adjustment for sex, all
significant outcomes remained the same (see Supplemental
Material).

Pregnancy and Birth Characteristics of PCOS Children
Versus Reference Group

Mothers with PCOS differed significantly in mode of delivery
compared to the reference group (P =.007; Table 3).In27% (n =
20) of the PCOS mothers, at least 1 pregnancy complications is
present, which is only 11% (n = 33) in the reference group (P =
0.001). Gestational diabetes is prevalent in 14% (n = 10) in PCOS
mothers and in 1.7% (n = 5) in the reference group (P <.001). No
difference was observed in occurrence of children born small or
large for gestational between the CHOPS and WHISTLER
cohorts. Birth weight as a continuous outcome did show signifi-
cant differences with a lower birth weight in PCOS offspring (P =
.005). Mode of conception in women with PCOS was sponta-
neous in 31% (n =27), ovulation induction in 45% (n = 33) using
clomiphene citrate 27% (n = 20) and gonadotrophins in 18%
(n = 13). In vitro fertilisation (IVF) or intracytoplasmic sperm
injection (ICSI) was performed in 12% ofall pregnancies (n=9).
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Table 3. Maternal, Pregnancy, and Birth Characteristics of the Entire Study Population (Means and SD or Number of Occurrence and

Percentages).

CHOPS PCOS Children

WHISTLER Reference Group Univariate Analysis

Characteristics (n=174) (n = 298) P Value®
PCOS criteria during preconception

Oligomenorrhoea or amenorrhoea 61 (95.9%) NR

Biochemical hyperandrogenism (FAI > 4.5) 40 (54.1%) NR

Polycystic ovaries on ultrasound 64 (86.5%) NR
Maternal BMI at visit (kg/m?) 25.6 (5.7) 24.5 (4.0) 405°
Smoking during pregnancy 6 (8.1%) 19 (6.4%) .605°
Pregnancy complication®

Any maternal complication 20 (27.0%) 33 (11.1%) .001¢

Gestational diabetes 10 (13.5%) 5(1.7%) <.001¢

Any hypertensive complication 9 (12.2%) 28 (9.7%) 523¢
Gestational age at delivery 39.1 (2.6) 39.8 (1.4) 157°
Multiple gestation 4 (5%) 8 (3%) 266°
Mode of delivery .007¢

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

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

Assisted vaginal delivery 23 (31.1%) 61 (21.7%)
Preterm delivery (before 37 weeks) 8 (10.8%) 7 (2.4%) .003¢
Newborn sex: male 38 (51.4%) 125 (42.2%) .190¢
Birth weight, gr, mean and SD 3.304 (644) 3.569 (487) .005°
Neonatal complications

Small for gestational age 7 (9.5%) 6 (3.6%) .069¢

Large for gestational age 6 (8.1%) 26 (15.5%) 519

Abbreviations: BMI, body mass index; CHOPS, The CHildren follow-up Of women
low platelets; kg, kilogram; kg/m, kilogram per square meter; n, number; NR, not
STudy LEidsche Rijn.

?Italic and boldface indicates statistical significant with P < .05.

PUnivariate analyses performed with Mann-Whitney U test.

“Some women presented with 2 pregnancy complications.

9dUnivariate analyses performed with Fishers exact test.

®Univariate analyses performed with y>-test.

Discussion
Main Findings

In the current study, we observed subtle but distinct abnorm-
alities in both cardiovascular and metabolic features in PCOS
children, already at an early age. These differences are
reflected by an increased pulse pressure and a higher left
ventricular internal diameter (end-diastolic) but a lower tis-
sue Doppler imaging of the right wall in systole at 2.5 to 4
years of age. At the age of 6 to 8 years, we observed a higher
carotid IMT and higher serum levels of total triglycerides and
LDL-cholesterol in children of women previously diagnosed
with PCOS, regardless of a lower breast and abdominal
circumference.

In the younger children, we observed a higher pulse pressure
within the CHOPS cohort. Pulse pressure rises with increasing
arterial stiffness and vascular abnormalities but can also be
explained by lower diastolic blood pressure. A certain physio-
logical explanation for the observed lower diastolic blood pres-
sure in this study remains obscure. The left ventricle internal
diameter (only end-diastolic) showed a small difference
between both groups, all values were within the normal range,
but significantly higher in PCOS offspring. A potential

with PcoS; FAI, free androgen index; HELLP, hemolysis, elevated liver enzymes,
reported; PCOS, polycystic ovary syndrome; WHISTLER, WHeezing llinesses

underlying mechanism is that insulin may act as a growth factor
in cardiac myocytes,*>® also androgens could affect fetal car-
diac anatomy.>” A higher ventricle diameter suggests ventricu-
lar dilation, a compensatory mechanism to maintain the stroke
volume to normal levels in case of decreased ventricular
ejection.*® In addition, we found lower tissue Doppler imaging
of the right wall in systole within the PCOS group.

An important novel finding in the 6- to 8-year old children
from mothers with PCOS is the higher carotid IMT in compar-
ison with the reference group. Carotid IMT is a marker of
preclinical stages of atherosclerosis and stiffness.’” The
observed results could indicate that the children of women with
PCOS already have subtle arterial dysfunction, which could
lead to atherosclerosis in later life. In spite of the limited group
size of PCOS children from which blood was withdrawn, there
seems to be a metabolic difference: increased concentrations of
triglycerides and LDL-cholesterol in the CHOPS group,
whereas insulin levels were not significantly different. Previ-
ous literature shows that serum insulin levels are significantly
higher in prepubertal children of women with PCOS after a
2-hour fasting test with the use of oral glucose, compared to
healthy controls.'® Dyslipidemia is associated with an
increased risk of cardiovascular diseases in later life and could
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already be present during childhood.*® These results corre-
spond partially with studies in PCOS offspring at different
ages, which showed higher triglycerides, LDL-cholesterol and
insulin levels in children from women with PCOS.'"'*!® The
unfavorable metabolic parameters described are not in line with
the lower breast and abdominal circumference in children from
women with PCOS regardless of their similar BMI and weight,
but significantly lower height. These findings, which contradict
previous studies, remain to be confirmed.'*!'?

Early environmental factors influence cardiovascular disease
in later life.*' Data of a Dutch prospective cohort study addi-
tionally suggest that unspontaneous mode of conception might
influence offspring’s health.*? For example, children conceived
by ovulation induction (independent from PCOS) exhibit higher
glucose, triglycerides, and blood pressures compared to sponta-
neously conceived children.** Our sensitivity analysis within the
PCOS group, however, suggests that there is no significant cor-
relation between the mode of conception and offspring health
(data not shown). Furthermore, during pregnancy, mothers of the
current PCOS offspring presented with a significantly increased
incidence of GDM compared to reference groups (14% vs
29). 4446 Offspring of diabetic mothers have increased risk of
cardiac hypertrophy.*’ Therefore, we performed a sensitivity
analyses showing that GDM was significantly associated with
left ventricle internal diameter, end-diastolic Z score (parasternal
long axis) in the young group of the WHISTLER cohort (unad-
justed and adjusted analyses [age and sex adjusted BMI Z score],
P = .017, P < .001, respectively). The older CHOPS children
exposed to GDM showed higher carotid elastic modulus com-
pared to non-GDM CHOPS offspring (P < .001). In the WHIS-
TLER, children of the older age-group had significantly lower
carotid distensiblity when born from a mother with GDM (P =
.007). These differences could be caused by a hyperglycemic
status of the mothers.*” Besides an increased risk of GDM, the
risk of hypertensive disorders (PIH and PE) were also increased
in the aforementioned 3 meta-analyses.***® We found no
increased incidences of hypertensive disorders in women with
PCOS, presumably due to the limited sample size and therefore
low power to detect differences. We did not choose to correct for
maternal pregnancy complications due to its potential place
within the causal chain or mediator function in maternal and
offspring health. However, we did perform a sensitivity analyses
to generate more insight in the maternal pregnancy complica-
tions (PIH, PE, and GDM) as a potential confounder. All out-
comes remained significant, except for the children’s lipid
profiles. The overall MANOVA test on biomarker profiles
showed an additionally adjusted P value of .066.

In contrast of the majority of existing studies, we ana-
lyzed both sexes in 1 study since fetuses of both sexes are
exposed to similar risk factors during pregnancy in women with
PCOS. It remains uncertain whether sex differences in cardio-
vascular health comparing males and females—so abundantly
described in adults**—can already be observed during child-
hood. In the current study, we noted no overt differences in
cardiovascular health comparing male and female children
(data not shown).
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Limitations

One of the major limitations was the limited sample size that
allows only detection of distinct difference. Furthermore, we
cannot fully exclude the possibility that some of the mothers
from the reference group were diagnosed with PCOS. This
heterogeneity of the reference group should be taken into
consideration when interpreting our results. A possible con-
sequence could be that the observed differences comparing
PCOS and reference children would be less. A lack of hetero-
geneity was achieved due to inclusion of mainly Caucasian
children, which diminished the generalizability of our study
results. Another limitation of this study is that the observers
who performed the assessments were not blinded for the
PCOS diagnosis of the mother. Unfortunately, we did not
have any data on pubertal development. Finally, the age of
the included children was mainly determined by the year
(2004) we started screening women with PCOS in a standar-
dized fashion. Therefore, the age groups did not fully overlap
with the reference group; this was due to the limited number
of eligible in the PCOS group.

Strengths

The extensive screening of children from mothers with PCOS
seems quite unique. The broad spectrums of cardiovascular and
metabolic risk factors in children are both a strength and weak-
ness since the exact significance of each performed tests in
young children remains uncertain. Another strength is that the
group of women with PCOS is diagnosed following a standar-
dized extensive phenotyping procedure before conception.

Interpretations

It remains unknown to what extent current findings of
increased metabolic and cardiovascular risk in young children
from mothers with PCOS are primarily related to an inherited
genetic predisposition, a suboptimal intrauterine environment
(hyperglycemia), lifestyle after birth, or a combination of
these factors. Intrauterine androgen exposure is a potential
pathway for epigenetic modification resulting into an
increased risk of metabolic abnormalities in offspring, as
shown in Rhesus monkeys.*>°

Conclusion

In conclusion, the current preliminary study demonstrates that
the young children of women previously diagnosed with
PCOS present with subtle subclinical abnormalities in relation
to cardiovascular and metabolic health. These observations
require confirmation in independent large data sets. Caution
is warranted in PCOS offspring because observed suboptimal
conditions may aggravate with increasing age, resulting in
increased chances for type 2 diabetes and cardiovascular dis-
eases in later life.
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