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ABSTRACT

STUDY QUESTION: Do children born to mothers with polycystic ovary syndrome (PCOS) have an adverse cardiometabolic profile
including arterial stiffness at 9 years of age compared to other children?

SUMMARY ANSWER: Children of mothers with PCOS did not have differing cardiometabolic outcomes than children with-
out exposure.

WHAT IS KNOWN ALREADY: While women with PCOS themselves have higher risk of cardiometabolic conditions such as obesity
and diabetes, the evidence on intergenerational impact is unclear. Given in utero sequalae of PCOS (e.g. hyperandrogenism, insulin
resistance), the increased risk could be to both boys and girls.

STUDY DESIGN, SIZE, DURATION: The Upstate KIDS cohort is a population-based birth cohort established in 2008-2010 to prospec-
tively study the impact of infertility treatment on children’s health. After ~10years of follow-up, 446 mothers and their 556 children
attended clinical visits to measure blood pressure (BP), heart rate, arterial stiffness by pulse wave velocity (PWV), mean arterial
pressure, lipids, high-sensitivity C-reactive protein (hsCRP), hemoglobin Alc (HbAlc), and anthropometrics.
PARTICIPANTS/MATERIALS, SETTING, METHODS: Women self-reported ever diagnoses of PCOS ~4 months after delivery of their
children in 2008-2010. Linear regression models applying generalized estimating equations to account for correlation within twins
were used to examine associations with each childhood cardiometabolic outcome.

MAIN RESULTS AND THE ROLE OF CHANCE: In this cohort with women oversampled on infertility treatment, ~14% of
women reported a PCOS diagnosis (n =61). We observed similarities in BP, heart rate, PWV, lipids, hsCRP, HbAlc, and anthropometry
(P-values >0.05) among children born to mothers with and without PCOS. Associations did not differ by child sex.

LIMITATIONS, REASONS FOR CAUTION: The sample size of women with PCOS precluded further separation of subgroups (e.g. by
hirsutism). The population-based approach relied on self-reported diagnosis of maternal PCOS even though self-report has been
found to be valid. Participants were predominantly non-Hispanic White and a high proportion were using fertility treatment due to
the original design. Differences in cardiometabolic health may be apparent later in age, such as after puberty.

WIDER IMPLICATIONS OF THE FINDINGS: Our results provide some reassurance that cardiometabolic factors do not differ in chil-
dren of women with and without self-reported PCOS during pregnancy.
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Introduction

Polycystic ovary syndrome (PCOS) is a heterogenic disorder in
women of reproductive age characterized by hyperandrogenism,
oligo-anovulation, and/or polycystic ovarian morphology. The
syndrome is a common cause of reduced fertility and is associ-
ated with obesity and metabolic comorbidities (Wild et al., 2010;
Escobar-Morreale, 2018; Zhang et al.,, 2020). Evidence suggests
that these adverse health effects are perpetuated intergenera-
tionally, not solely by shared inheritance but by in utero exposure.
Consistent with the developmental origins of health and disease
(Barker et al., 1989), PCOS and its sequelae (e.g. excess androgens,
insulin resistance) may create a suboptimal intrauterine environ-
ment with cardiometabolic health implications for the offspring.
Hence, both women with PCOS and their offspring may be at risk
of having adverse cardiometabolic profiles.

Previous studies on offspring health of women with PCOS
have been inconclusive. A meta-analysis of nine studies reviewed
the BMI, systolic (SBP) and diastolic blood pressure (DBP), insulin
and glucose, and lipid profiles of 8385 children and found higher
high-density lipoprotein (HDL)-cholesterol and lower birthweight
among children of women with PCOS (n=298) (Gunning et al.,
2020). The researchers also identified sex interactions, suggesting
a generally healthier metabolic profile among daughters of
women with PCOS (i.e. higher HDL, lower low-density lipoprotein,
and lower total cholesterol), inconsistent with the sequalae
among adult women. More recently, a Finnish registry study of
over a million live births found increased obesity risk in children
of women with PCOS or anovulatory infertility (n=24682, 2%),
with similar risks between boys and girls; but the obesity risk did
not persist into adulthood (Chen et al., 2021). Fewer studies have
evaluated arterial measures in children of women with PCOS
though changes in pulse wave velocity (PWV), a noninvasive
measure of arterial stiffness, can be detected beginning in child-
hood (Stoner et al.,, 2020). Evaluating childhood risk factors is of
import as they have been linked to cardiovascular disease
(CVD) risk and events in adulthood (Pool et al., 2021; Jacobs et al.,
2022). Compelling evidence from the International Childhood
Cardiovascular Cohorts (i3C) consortium study of 38589 partici-
pants showed prospective associations between childhood BMI,
total cholesterol, triglycerides, and SBP with incident cardiovas-
cular events in adulthood (Jacobs et al., 2022). Therefore, cardio-
metabolic and vascular measurements taken in middle
childhood are informative of long-term risks.

As maternal and child health are inter-related, due to shared
environment and genetics, examining the mothers’ own cardio-
metabolic profiles post-delivery could provide additional insight
into any adverse outcomes identified among children. Among
women with PCOS, it is established that there is a higher preva-
lence of cardiovascular risk factors (e.g. obesity, diabetes, hyper-
tension), though whether PCOS itself increases the risk of
incident cardiovascular events is debated (Wekker et al., 2020;
Zhang et al., 2020; Guan et al., 2022; Mahboobifard et al., 2022).
While more research has been done for traditional cardiovascu-
lar markers, fewer studies have captured arterial stiffness. PWV
can be used to predict future cardiovascular events in adults
(Boutouyrie et al.,, 2008; Vlachopoulos et al., 2010; Ben-Shlomo
et al., 2014) and is a biologic marker of vascular function/aging
that may be ‘accelerated’ by cardiometabolic and lifestyle risk
factors (Kucharska-Newton et al., 2019). Previous studies examin-
ing differences in vascular function among women with and
without PCOS have had mixed findings with some finding differ-
ences (Kelly et al., 2002; Sasaki et al., 2011) and others not (Moran
et al.,, 2011; Rees et al.,, 2014; Kim et al., 2019). It remains unclear

whether arterial stiffness is affected in women with PCOS. There
is some evidence to suggest that excess androgens and/or hyper-
insulinemia, as often seen in PCOS, can impact vascular struc-
ture through increases in carotid intima-media thickness and
calcification in arteries (Luque-Ramirez et al., 2007; Jabbour
etal., 2020).

Given the potential elevated cardiovascular risks associated
with PCOS for women and their children, the objective of this
study was to compare the cardiometabolic profiles of both moth-
ers and their children, 9years post-delivery, by maternal
PCOS status.

Materials and methods

Study design and population

The current investigation is a secondary data analysis. The
Upstate KIDS Study is a longitudinal cohort of 5034 mothers and
their infants (n=6171) delivered between 2008 and 2010 in up-
state New York. The cohort was designed to study the effects of
fertility treatment on childhood growth and development. Using
New York State birth certificates, mothers of singleton infants
conceived with fertility treatment were approached at a 3:1 ratio
to mothers of singletons conceived without treatment while fre-
quency matched by perinatal region of birth (Buck Louis et al,,
2014). All mothers of multiples (e.g. twins, triplets, etc.) were in-
vited to participate regardless of fertility treatment status.
Additional recruitment and follow-up procedures through age 3,
including the validity of this sampling framework, have been
published elsewhere (Buck Louis et al., 2014). The cohort has been
followed largely through mailed questionnaires. However, begin-
ning in 2017 when the children were around 7-9 years of age, we
invited participants to a study clinic visit in order to collect cardi-
ometabolic measures. As such, 4644 children were invited to a
study clinic visit at one of four sites (the University at Albany, the
University at Buffalo, the University of Rochester, and New York
University Langone Health) (Yeung et al., 2022). There were 448
women with their 559 children who participated in the study
clinic visit of which 212 children agreed to a blood draw. Study
clinic visits concluded in 2019. No differences were identified in
clinical measures of children who agreed to a blood draw com-
pared to those who did not. All comparisons of characteristics be-
tween those who participated in clinic visits and who provided
blood draws along with the finding that child cardiometabolic
measures were not associated with fertility treatment has been
detailed elsewhere (Yeung et al., 2022).

Ethical approval

The study was approved by the New York State Department of
Health and the University at Albany (State University of New
York) institutional review boards. Parents provided written in-
formed consent and children assented to clinic visits.

Exposure and covariates assessment

Women self-reported an ever diagnosis of PCOS by a doctor or
health care provider on a questionnaire provided ~4 months af-
ter delivery of their child. Information on parity, plurality, child
sex, gestational age, birth weight, maternal age at delivery, ma-
ternal prepregnancy BMI, fertility treatment, gestational hyper-
tension, and gestational diabetes were obtained from birth
certificate records. Maternal race/ethnicity, insurance status,
maternal education attainment, and smoking during pregnancy
were based on maternal report at 4months after delivery on a
questionnaire. The woman'’s current smoking status and child’s
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age at time of blood draw were collected during the study
clinic visit.

Cardiometabolic assessment

Women and their children attended a study clinic visit for meas-
urements of blood pressure, anthropometrics, arterial stiffness,
and to provide blood samples. Height, weight, waist, and hip cir-
cumferences were measured by clinic staff in duplicate. A third
measurement was taken if the difference between the first two
measures exceeded a threshold: 0.5 cm for height, waist, and hip
circumferences, and 0.454 kg for weight. The two closest meas-
ures of the three were averaged. Using clinically measured height
and weight, we calculated BMI as weight over height squared
(kg/m?). For children, age- and sex-specific z-scores for height,
weight, and BMI were derived using CDC growth charts to ac-
count for age-related developmental changes (Kuczmarski et al.,
2002). BMI greater than 90th percentile was used to categorize
children as obese (Barlow, 2007). For women, obesity was classi-
fied as having a BMI of 30kg/m? or greater. We also used bioelec-
trical impedance to measure fat (kg), lean dry mass (kg), bone
mineral content (kg), lean soft tissue (kg), and fat-free mass (kg).
We calculated the fat mass index (FMI) as fat mass over height
squared (kg/m?) and fat-free mass index (FFMI) as fat-free mass
over height squared (kg/m?).

SBP and DBP, mean arterial pressure (MAP), and heart rate
were measured at the study clinic visit using an appropriately
sized digital blood pressure device prior to blood draw. Per proto-
col, participants rested in the sitting position for 10min prior to
the measurement being taken from the upper right arm. The first
blood pressure measurement was voided, and two others were
taken. If the difference between the two measurements exceeded
5mmHg, a fourth measure was taken. All measures were aver-
aged. For children, pediatric clinical cut offs (95th percentile)
were used to assess hypertension based on SBP and DBP. For
women, we collected information regarding medication use for a
high blood pressure diagnosis during the clinic visit. Women who
reported either taking medication or had SBP >130 mmHg or DBP
>80mmHg at the clinic visit were classified as hypertensive.
Arterial stiffness was measured by carotid-femoral PWV
(SphygmoCor®). The SphygmoCor XCEL performed internal qual-
ity control checks which required at least 10s of high-quality
wave forms to be collected before it would initiate each measure
(during which another 10s worth of measures were taken at the
carotid and at the femoral cuff). Two measurements were taken
in the supine position and a third measure was taken if the differ-
ence between the first two measurements exceeded 0.5m/s.
Additional data cleaning steps were taken and coefficients of var-
iation between individuals was 0.1-5.3% for measurements taken
on the same day using the difference in measurements (Yeung
et al., 2022). Sixteen women were excluded (3.6%; n =2 with PCOS
and n = 14 without PCOS) for having PWV values (range: 2.1-3.65
m/s) below 2 SD (<3.65m/s) of the mean and outside of typical
adult ranges (Reference Values for Arterial Stiffness'
Collaboration, 2010).

Among women who consented and children who assented to
a blood draw, plasma lipids, C-reactive protein, and average
blood sugar over the past 2-3months via a hemoglobin Alc
(HbA1lc) test were quantified. Non-fasting blood samples were
processed for plasma and packed red blood cells and were subse-
quently stored at —80°C until analysis. Plasma lipids (mg/dl) and
high-sensitivity C-reactive protein (hsCRP, mg/l) were measured
using the Roche COBAS 8000 chemistry analyzer (Roche
Diagnostics, Indianapolis, IN, USA). Packed red blood cells were
used for the HbAlc test using non-porous ion exchange high

performance liquid chromatography (Tosoh Automated Analyzer
HLC-723G8, Tosoh Bioscience, Inc., South San Francisco,
CA, USA).

Statistical analysis

Two women missing PCOS exposure information were excluded,
leaving 446/448 women and 556/559 children in the analytic
sample. We tabulated data on sample characteristics by PCOS
exposure using percentages and means with inference provided
by t-tests (continuous variables) and chi-square or Fisher's exact
tests (categorical variables).

To account for correlation within twins, we applied linear
models with generalized estimating equations and an exchange-
able correlation structure to examine associations of PCOS expo-
sure with each childhood cardiometabolic outcome. Model
adjustments included plurality, child sex, child age at measure-
ment, maternal age at child’s birth, maternal race/ethnicity, ma-
ternal educational attainment, insurance status, lab site,
maternal prepregnancy BMI, fertility treatment, and gestational
diabetes. Maternal sociodemographic covariates were selected
based on established associations with cardiometabolic risk and
from our previous investigations of their associations identified
in the larger sample of women with PCOS status in this cohort
(Haas et al., 2003; Bell et al., 2018). Infertility treatment was in-
cluded because of oversampling in the cohort as part of its design
(Buck Louis et al., 2014). While there is higher risk of gestational
diabetes among women with PCOS, studies suggest it may not be
causal but due to shared risk factors (Qiu et al., 2022). Thus, ges-
tational diabetes was included in models to capture the unmeas-
ured impact of factors that may have contributed to endocrine
disruption such as genetics and environment (Day et al., 2018;
Yao et al.,, 2023). Child age, sex, clinical site, and plurality were
subsequently added to the model as technical covariates for car-
diometabolic differences. A sensitivity analysis stratifying off-
spring by sex was also conducted.

To assess associations of cardiometabolic measures in women
by PCOS status, linear regression models were carried out with
adjustment for maternal age, race/ethnicity, educational attain-
ment, insurance status, clinic site, infertility treatment, parity,
and (separately) current BMI. Again, sociodemographic variables
(Mehta et al., 2023), site, and treatment were included by same ra-
tionale as above. Childbearing has been found to increase cardio-
metabolic risk through visceral or body fat changes and therefore
parity was included (Gunderson et al., 2008). We modeled BMI
separately so that its impact can be delineated from
other factors.

All analyses were conducted using SAS 9.4 (SAS Institute,
Cary, NC, USA).

Results

Maternal and child characteristics are presented in Table 1. No
differences in age, plurality, child sex, or neonatal characteris-
tics, including birth weight or gestational age, were found be-
tween children of women with and without PCOS. Women with
PCOS were more likely to have been first-time mothers, have pri-
vate insurance, received fertility treatment, or have had prepreg-
nancy obesity or gestational diabetes.

Approximately 22% of children were obese (n=97; 10 with
and 87 without PCOS exposure, P=0.26) and 18.8% had hyperten-
sion by SBP (n=82; 12 with and 70 without PCOS exposure,
P=0.75). Their average HbAlc was 5.1%. Regardless of maternal
PCOS exposure, the anthropometric, blood pressure, PWV, lipid,
HbAlc, and hsCRP measures were similar among children
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Table 1. Study participant characteristics by polycystic ovary
syndrome (PCOS) status, Upstate KIDS Study.*

PCOS No PCOS P-value
N (%) 61 (13.7) 385 (86.3)
Child characteristics
Plurality, twin, % 20 (32.8) 92 (24.0)  0.1432

Sex, Female, %
Birthweight, grams

30 (49.2) 182 (47.5)  0.8094
3062 (737.9) 3180 (712.2) 0.2447

Low birth weight, <2500g, % 13 (21.3) 60 (15.7)  0.2692
Gestational age, weeks 37.8 (2.4) 38.0(2.6) 0.4939
Preterm birth, <37 weeks, % 12 (19.7) 62 (16.2) 04977
Age at visit, months 113.0(7.4) 104.9 (6.9) 0.6256
Maternal characteristics
Age at delivery, years 30.7 (4.3) 31.4(6.0) 0.2755
Maternal education, college, % 40 (65.6) 246 (63.9) 0.7996
Maternal race/ethnicity, 54 (88.5) 331(86.0) 0.5901

non-Hispanic White, %

Insurance at birth, private, % 57 (93.4) 319 (82.9) 0.0347
Nulliparous, % 43(716)  186(48.8) 0.0010
Infertility treatment <0.0001

Ovulation induction/IUI 30 (49.2) 65 (16.9)

ART 19 (31.1) 63 (16.4)
Prepregnancy BMI, kg/m? 29.2(7.6) 27.0(7.0) 0.0337
Prepregnancy obesity, % 29 (47.5) 90 (23.4) <0.0001
Gestational diabetes, % 15 (24.6) 40 (10.4)  0.0017
Gestational hypertension, % 9(14.7) 50(13.0)  0.7051

Smoking during pregnancy, % 2(3.3)
Current smoker, % 3(4.9)

28(7.3)  0.4067
20(5.4)  1.000

All values reported as mean (SD) unless otherwise stated. Bolding indicates
P <0.05.

A Descriptive statistics reported at the family level including singletons
and one randomly selected twin from the twin pair.

Table 2. Adjusted mean differences (and 95% ClIs) of childhood
outcomes at age 9years.?

n Model 1° Model 2¢
Systolic blood 543 -0.28 (-3.20,1.49) —0.38(-3.07,2.30)
pressure, mmHg
Diastolic blood 543 -0.40(-2.10,0.86) —0.54 (-2.21,1.13)
pressure, mmHg
Heart rate, bpm 543 -0.29 (-3.64,1.71) -0.56 (-3.97,2.84)
Mean arterial 542 -0.34(-2.29,1.00) —0.46 (-2.33,1.39)

pressure, mmHg
Pulse wave velocity, 494 0.03 (-0.24,0.14)
m/s
Weight for age z-scores 555 -0.08 (-0.34,0.13) —0.07 (=0.33,0.19)
Height for age z-scores 555 -0.10(-0.36,0.13) -0.10 (-0.35, 0.16)
BMI for age z-scores 555 -0.03 (-0.28,0.13) —0.04 (-0.29,0.21)
(- ) ( )
- ) ( )

0.01 (=0.25, 0.28)

Fat mass index, kg/m2 523 -0.50(-1.19,0.35) —0.67 (-1.36,0.01
Fat-free mass 492 -0.17 (-0.57,0.21) -0.10(-0.49, 0.28
index, kg/m?

#  Estimates obtained from linear regression with GEE extension to account
for correlation among twins.

P Model 1 adjusted for maternal age at child’s birth, maternal race/
ethnicity, maternal educational attainment, insurance status, maternal
prepregnancy BMI, fertility treatment, and gestational diabetes.

¢ Model 2 adjusted for plurality, child sex, child age at measurement,
maternal age at child’s birth, maternal race/ethnicity, maternal educational
attainment, insurance status, clinic site, maternal prepregnancy BMI, fertility
treatment, and gestational diabetes.

(Table 2, Supplementary Table S1). Children of women with
PCOS had marginally lower FMI compared to children of women
without PCOS (B: —0.67; 95% CI: —1.36, 0.01) with adjustment for
covariates. When stratified by the child’s sex, girls exposed to
PCOS in utero had lower FMI (B: —1.24; 95% CI: —=2.07, —0.40) and
FFMI (B: —0.59; 95% CI: —=1.09, —0.10) than children not exposed
(Supplementary Table S2).

Women with PCOS, on average, had a higher heart rate and
HbA1lc (Supplementary Table S3). In adjusted models, heart rate,
HbAlc, and anthropometric measures including BMI (: 2.11kg/m?;

95% CI: 0.004, 4.22) were increased in association with PCOS
status (Table 3). Even after further adjustment for current BMI,
both heart rate (B: 3.12 bpm; 95% CI: 0.26, 5.97) and HbAlc
(B: 0.25; 95% CI: 0.07, 0.43) remained elevated among women
with PCOS. Arterial stiffness was also increased (0.32m/s; 95% CIL:
—0.03, 0.66) although it did not reach statistical significance and
further adjustment for concurrent BMI attenuated the associa-
tion further (B: 0.25m/s; —0.08, 0.59). Removal of women who
took hypertensive medications did not materially alter the find-
ings for blood pressure or PWV (data not shown). We used false
discovery rate (FDR) correction to examine the impact of multiple
testing on the maternal cardiometabolic associations.(Benjamini
and Hochberg, 1995) Prior to adjustment for BMI, associations
with HbAlc remained FDR-significant (Pepr = 0.04) and heart rate
borderline significant (Prpr = 0.06).

Discussion

We first examined cardiometabolic differences of children of
women with and without self-reported PCOS during pregnancy.
No associations were found with maternal PCOS exposure and
anthropometric, blood pressure, PWV, lipid, HbAlc, nor hsCRP
outcomes during middle childhood. Further, the associations did
not appear to differ substantially by child sex; albeit the finding
that the risk of FMI in PCOS exposed children decreased with fe-
male sex is interesting but should be interpreted with caution
due to small group size. We next assessed the effects of PCOS
with multiple CVD risk factors in women. While all mean cardio-
metabolic values were higher among women with PCOS, only
heart rate and HbAlc remained associated with PCOS status after
accounting for concurrent BMI.

We found no associations with middle childhood cardiometa-
bolic outcomes among children with and without maternal PCOS
exposure. This is in line with our previous finding of no differen-
ces in early growth through the first 3years of life within the
Upstate KIDS Study (Bell et al., 2018). Similar to our study, an in-
dividual participant data meta-analysis in 2020 of nine case-
control studies also found no differences in BMI (Gunning et al.,
2020). In contrast, two recent longitudinal studies found in-
creased BMI risk with maternal PCOS exposure, though neither
study noted consistent differences by child sex (Chen et al., 2021;
Zhang et al., 2022). Specifically, a Finnish registry study found an
increased risk of obesity among children 9 years of age or younger
and among 10- to 16-year-old offspring with maternal PCOS
exposure or anovulatory infertility (Chen et al., 2021). In a study
of 198 children of PCOS mothers and 227 of mothers with
healthy pregnancies (having been excluded for -chronic
conditions and any pregnancy complications), maternal PCOS
was associated with higher BMI and weight at 5years of age
but not at 4 or 6years (Zhang et al., 2022). Furthermore, a study
combining meta-analysis and mendelian randomization analysis
approaches, found that childhood body size and the genetic
determinants of body fat increased risk for PCOS independently
of adulthood obesity, suggesting a causal influence of body fat in
childhood (Dobbie et al., 2023). The authors conjectured that their
results point to two distinct PCOS phenotypes, and that the meta-
bolic phenotype, preceded by obesity development, may not drive
the reproductive phenotype which can occur in lean women.

Prior evidence has also indicated no differences in fasting glu-
cose or insulin in children, but increased insulin following an
oral glucose tolerance test, particularly in girls (Kent et al., 2008;
Sir-Petermann et al., 2009). Some studies have also examined
blood pressure and lipid metabolism, including the recent meta-
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Table 3. Adjusted mean differences (and 95% CIs) of maternal cardiovascular measures taken ~9years postpartum by polycystic ovary

syndrome (PCOS) status.?

N Model 0° N Model 1°
Systolic blood pressure, mmHg 429 0.97 (-2.81, 4.75) 419 —0.62 (—-4.21, 2.98)
Diastolic blood pressure, mmHg 429 1.11 (-1.50, 3.73) 419 —0.09 (-2.56, 2.39)
Heart rate, bpm 429 4.00 (1.02, 6.98) 419 3.12(0.26, 5.97)
Mean arterial pressure, mmHg 429 0.90 (-2.01, 3.82) 419 —0.42 (-3.17, 2.33)
Pulse wave velocity, m/s 383 0.32 (~0.03, 0.66) 378 0.25 (—0.08, 0.59)
Weight, kg 424 7.05 (1.17, 12.94) 423 1.47 (-0.42, 3.36)
Height, cm 432 1.44 (—0.44, 3.32) 423 1.48 (-0.42, 3.38)
Waist, cm 429 6.34(1.30, 11.38) 422 2.27 (=0.25, 4.78)
Hip 428 4.43(-0.003, 8.86) 422 0.96 (-1.23, 3.14)
BMI, kg/m? 423 2.11(0.004, 4.22) n/a
Fat, kg 407 4.43(0.20, 8.67) 398 0.38 (~1.15, 1.91)
Lean dry mass, kg 403 1.09 (0.18, 1.99) 394 0.64 (-0.18, 1.45)
Bone mineral content, kg 403 0.38 (0.06, 0.70) 394 1.35 (-0.46, 3.17)
Fat-free mass, kg 387 3.47 (0.89, 6.05) 379 1.39 (-0.45, 3.23)
Fat mass index, kg/m? 407 1.41 (-0.17, 2.99) 398 —-0.08 (-0.62, 0.47)
Fat-free mass index, kg/m? 387 0.95 (0.15, 1.75) 379 0.20 (—0.19, 0.59)
HbAlc, % 363 0.30 (0.12, 0.49) 355 0.25 (0.07, 0.43)
Total cholesterol, mg/dl 365 3.92 (-7.17,15.02) 356 2.60 (-8.52,13.72)
High-density lipoprotein, mg/dl 365 0.96 (—4.32, 6.24) 357 3.29 (-1.42, 8.00)
Low-density lipoprotein, mg/dl 365 1.25(-8.72,11.22) 358 —0.50 (-10.43, 9.42)
Triglycerides, mg/dl 365 17.79 (=6.58, 42.16) 359 7.68 (—15.00, 30.37)
C-reactive protein, mg/dl 344 0.78 (=0.95, 2.51) 360 0.05 (—1.48, 1.59)
Non-HDL cholesterol, mg/dl 365 2.96 (-8.86, 14.78) 361 —-0.69 (-12.14, 10.76)

Bolding indicates P < 0.05.
@ Estimates obtained from linear regression.

®  Model 0 adjusted for maternal age, race/ethnicity, educational attainment, insurance status, clinic site, fertility treatment, parity.

¢ Model 1 additionally adjusted for measured BMI.

analysis, but did not find differences (Gunning et al., 2020). Lastly,
Wilde et al. (2018) found carotid intima-media thickness was sig-
nificantly higher in 6- to 8-year-old children in a PCOS group ver-
sus a reference population (Wilde et al., 2018). However, at a
younger age when the children were 2-5 years old, they found no
differences in PWV as measured at the aorta. The lack of associa-
tion is similar to our observation even though they measured
PWV slightly higher than ours (averaging 5.6 m/s vs 4.4m/s in the
reference groups). As carotid intima-media thickness and arterial
stiffness target different parts of the vasculature, it’s possible
these measures reflect different aspects of early CVD progression
(Pettersson-Pablo et al., 2020; Heffernan et al., 2023).

The lack of differences observed among children is consistent
with their mothers also having similar cardiometabolic measures
8-10years after delivery, after accounting for BMI. MAP and
HbA1lc were higher despite adjusting for BMI. A tendency for arte-
rial stiffness to be increased was also observed. Two case-control
studies among women with and without PCOS found positive
associations with brachial artery PWV, but Kelly et al., did not
find associations with carotid-femoral PWV as measured in our
study (Kelly et al., 2002; Sasaki et al., 2011). Carotid-femoral and
brachial artery PWV are strongly correlated indices of central ar-
tery stiffness, though on average, brachial artery PWV is higher
than carotid-femoral PWV, suggesting it is partially influenced by
peripheral (muscular) arterial stiffness (Tanaka et al., 2009). In
contrast, three cross-sectional studies found no differences in
PWYV though the analyses only accounted for participant age and
BMI (Moran et al., 2011; Rees et al., 2014; Kim et al., 2019). These
differences in findings may be attributed to variations in genetic
background and the heterogeneity in PCOS phenotypes in differ-
ent studies, for example, by severity of hyperandrogenism or in-
sulin resistance (Lizneva et al.,, 2016), which has been linked to
PWV (Armeni et al.,, 2013). The association with HbAlc is in line
with evidence that PCOS heightens risk of diabetes due to insulin
resistance, although whether the risk is independent on BMI
remains debated (Glintborg et al., 2022). We also recognize that

diet and exercise could improve cardiometabolic health among
women with PCOS (Patten et al., 2020). Mothers were asked about
their own physical activity about 2 years prior to the exam and a
subgroup who attended the clinic visit had provided information
(n=268). In this subgroup, no differences in reported level of ac-
tivity were found by PCOS status (P> 0.5). Nevertheless, lifestyle
interventions remain important in this high-risk group.

An important strength of the current study is the longitudinal
cohort design that benefited from a nearly 10-year follow-up pe-
riod. In addition, we were able to assess a number of cardiometa-
bolic clinical measures taken by trained staff rather than relying
solely on self-report for these important outcomes. Limitations
in this study include the small sample size, which for instance,
precluded us from further evaluating subgroups of PCOS with
hirsutism (n =14, 3.14%) separately from PCOS without hirsutism
(n=47, 10.54%), even though research suggests hyperandrogen-
ism may be an important driver of cardiometabolic risk. The
sample size may also limit detection of small differences in some
cardiovascular outcomes in children with high variability. For in-
stance, we could only rule out differences in blood pressure of
over 2.7 mmHg DBP and 3.9mmHg SBP based on minimally de-
tectable differences (from two sample tests assuming o=0.05,
power=0.80, 61 PCOS and 385; excluding one twin from each
family due to correlations). However, other factors such as BMI z-
score and PWV with standard deviations near 1 would have been
detectable at 0.4 units difference and we observed near zero
mean differences between children of differing PCOS exposure
groups in their adjusted analysis, suggesting they were not due
to sample size limitations. PCOS exposure was based on maternal
report of a physician diagnosis rather than well-established diag-
nostic criteria (e.g. NIH (Zawadzki and Dunaif, 1995), Rotterdam
(Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop
group, 2004)). As a result of being selected from a population-
based source it’s also possible that we identified milder pheno-
types of PCOS compared to a clinically recruited population
(Lizneva et al.,, 2016). However, in large epidemiologic studies,
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clinically verifying PCOS is often not feasible and in practice clini-
cal information such as that regarding anovulation or hirsutism
is essentially self-reported (given women shave, etc.) and self-
reported PCOS has been found to be a valid alternative for
population-based research.(de Boer et al., 2005; Piltonen et al.,
2023) We relied on a single study visit in middle childhood, while
daughters of women with PCOS are more likely to develop PCOS
(Risal et al., 2019) though clinical manifestations often present af-
ter puberty (Hudnut-Beumler et al., 2021). We did not track physi-
cal changes of puberty (e.g. Tanner scale) in children enrolled in
this study and puberty could affect metabolic parameters.
Further follow-up to explore these associations is warranted as
puberty may alter cardiometabolic risk. We lacked dietary
and physical activity data for adjustment. However, we suspect
that adjustment for maternal BMI may have captured the impact
of excess calories or low physical activity on cardiometa-
bolic outcomes.

Conclusions

This study demonstrated that cardiometabolic factors did not
differ in children of women with and without self-reported PCOS
during pregnancy. Secondly, this study confirmed independent
associations of maternal cardiovascular risk factors, apart from
BMI, with history of PCOS. Future investigations in larger studies
with long follow-up may provide useful information on the con-
tributions of maternal PCOS exposure on both offspring and ma-
ternal cardiometabolic outcomes.
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