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Purpose. To examine the association of polycystic ovary syndrome (PCOS) and pregnancy-induced hypertension (PIH) within a
large population of pregnant women in an integrated healthcare system.Methods. This retrospective study utilized a source cohort
of 1023 women with PCOS and 1023 women without PCOS who had a delivered pregnancy within Kaiser Permanente Northern
California. Preexisting hypertensionwas defined by hypertension diagnosis, treatment, or elevated blood pressure prior to 20 weeks
of gestation.The development of PIH, including gestational hypertension, preeclampsia/eclampsia, or HELLP (hemolysis, elevated
liver enzymes, and low platelet count), was ascertained by chart review. Among women without preexisting hypertension who had
a singleton pregnancy, the association of PCOS and PIHwas examined usingmultivariable logistic regression. Results. Among 1902
women (910 PCOS) with singleton pregnancy, 101 (11.1%) PCOS and 36 (3.6%) non-PCOSwomen had preexisting hypertension and
were excluded. Of the remaining 1765 women, those with PCOS (compared to non-PCOS) were slightly older (mean age 31.2 versus
30.7), more likely to be obese (39.6% versus 15.1%), nulliparous (63.8% versus 43.4%), and conceive with fertility treatment (54.1%
versus 1.9%); they also had a higher incidence of PIH (10.8% versus 6.6%), including gestational hypertension (5.8% versus 3.6%)
and preeclampsia or HELLP (4.9% versus 3.0%; all p<0.05). PCOS was associated with increased odds of PIH (odds ratio, OR 1.7,
95% confidence interval, CI 1.2-2.4), remaining significant after adjusting for age, race/ethnicity, nulliparity, and fertility treatment;
however, findings were attenuated and no longer significant after adjusting for weight status (OR 1.1, CI 0.7-1.7). Maternal PCOS
was also associated with preeclampsia/HELLP in unadjusted but not adjusted (OR 1.0, CI 0.5-1.9) analyses. Nulliparity and higher
prepregnancy BMI were associated with PIH in both groups. Conclusion. Compared to women without PCOS, women with PCOS
are at higher risk for PIH but this association was not independent of weight status.

1. Introduction

Polycystic ovary syndrome (PCOS) is a female endocrine
disorder characterized by elevated androgen levels, ovulatory
dysfunction, and polycystic ovarian morphology, as well as
a constellation of classic clinical features that may include
obesity, hirsutism, alopecia, acne, irregularmenses, infertility,
and high blood pressure [1–3]. Stein and Leventhal first
described PCOS in 1935 when they reported on a series
of seven female patients who presented with cystic ovaries,
amenorrhea, and abnormal terminal hair growth [4]. Since
that time, the diagnosis of PCOS among reproductive-aged
women has become commonplace, with up to 10 percent of

women presenting to gynecology clinic visits meeting criteria
for diagnosis [5].

The diagnosis of PCOS has varied over the years and
has included requirements of oligo/anovulation or polycys-
tic ovaries, with androgen excess [6, 7]. However, recent
consensus and current international guidelines affirm the
European Society for Human Reproduction and Embryol-
ogy (ESHRE)/American Society for Reproductive Medicine
(ASRM) Rotterdam criteria of androgen excess, oligoovu-
lation or anovulation, and polycystic ovaries on ultrasound
(two of three requirements met) [1, 8] as the most inclusive
diagnostic criteria for PCOS and the most commonly used
internationally [9, 10].
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There is evidence that women with PCOS may be at
greater risk for various obstetric complications, including
gestational hypertension and preeclampsia [11, 12], ges-
tational diabetes mellitus (GDM), premature birth, and
cesarean delivery [13]. Gestational hypertensive disorders
are the leading causes of maternal morbidity and mortality,
affecting 3-10% of all pregnancies including a subset of
pregnancies resulting in preeclampsia [14, 15], and contribute
up to 16% of maternal deaths in developed nations [16].
Two large meta-analyses found a two- to four-fold increased
rate of pregnancy-induced hypertension (PIH) as well as
preeclampsia in women with PCOS [13, 17], and a large
nationwide study conducted in Sweden found that PCOSwas
associated with a 1.5-fold increased odds of preeclampsia,
even after adjusting for body mass index (BMI), parity, and
use of reproductive technology [18].

The primary objective of this study was to investigate
hypertension in pregnancy and the incidence of gestational
hypertension and preeclampsia in a racially and ethnically
diverse cohort of pregnant women with and without PCOS
and examine the independent association of maternal PCOS
and gestational hypertensive disorders among women with-
out preexisting hypertension. A secondary aim was to exam-
ine the clinical and demographic predictors of gestational
hypertensive disorders among the subset of women with
PCOS.

2. Materials and Methods

This studywas conducted using data fromKaiser Permanente
Northern California (KPNC), a large healthcare system that
had more than three million members and over 30,000 live
births per year during 2002-2005. We used a previously
identified cohort of 1023 pregnant women with PCOS and
1023 pregnant women without PCOS aged 16-44 years old
andmatched by delivery year during 2002-2005 [19], focusing
on the subset of 1902 women with singleton pregnancy [19,
20]. Women with PCOS were identified based on clinical
diagnosis that was validated by chart review, using the
ESHRE/ASRM Rotterdam criteria for PCOS as previously
described [1]. Prepregnancy body mass index (BMI) and
preexisting hypertension were examined by chart review,
with preexisting hypertension defined by prepregnancy diag-
nosis or treatment of hypertension or evidence of elevated
blood pressure defined by systolic blood pressure (SBP) ≥140
mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg on at
least two separate clinic visits prior to 20 weeks of gestation.
Gestational hypertensive disorders, including preeclampsia
and other subtypes, were confirmed and adjudicated by
detailed obstetrics/gynecology physician chart review using
working definitions based on guidelines from The Amer-
ican Congress of Obstetricians and Gynecologists [21, 22]
during the period of our study. Patients were classified as
having gestational hypertension, preeclampsia, preeclampsia
with severe features, or HELLP syndrome. The following
definitions were used: gestational hypertension (SBP ≥140
mmHg or DBP ≥90 mmHg occurring after 20 weeks of
gestation in a woman with previously normal blood pressure
without proteinuria), preeclampsia (hypertension with new

onset proteinuria >300 mg over 24-hour collection or urine
protein 1+ or 30mg on dipstick or 100mg of protein on for-
mal urinalysis), preeclampsia with severe features (meeting
diagnostic criteria for preeclampsia plus any one or more of
the following: severe range blood pressures as defined as SBP
≥160 mmHg or DBP ≥110 mmHg on at least two occasions,
≥5gm of protein on 24 hour total urine protein collection, 3+
or 4+ on urine dip on two occasions, ≥ 300 mg on urinalysis
on at least two occasions, or symptoms including clinically
significant headache, visual disturbances, pulmonary edema,
epigastric or right upper quadrant pain, intrauterine growth
restriction, or oliguria), HELLP syndrome (hemolysis, clin-
ically significant elevated liver enzymes and low platelet
count), super-imposed preeclampsia (new onset proteinuria
or significant worsening of kidney function on preexisting
hypertension), and eclampsia (new onset seizures in awoman
with preeclampsia). For these analyses, womenwere classified
as having chronic hypertension, gestational hypertension,
preeclampsia/eclampsia, or HELLP.

2.1. Identification of Baseline Characteristics. Maternal age,
race/ethnicity, parity, reproductive history, method of con-
ception, use of fertility medication (clomiphene citrate,
gonadotropins, and metformin) and assisted reproduction,
prepregnancy BMI, and evidence of prior hypertension diag-
noses or treatment with blood pressure-lowering medication
were examined by individual chart review. In addition,
prenatal visit records were examined for evidence of elevated
systolic (≥140 mmHg) and/or diastolic (≥90 mmHg) blood
pressure on at least two occasions prior to 20 weeks of
gestation to identify additional women with preexisting
hypertension without prior hypertension diagnosis or treat-
ment.

2.2. Statistical Analyses. Differences between subgroups were
examined by Student’s t-test or Wilcoxon rank sum test
for continuous variables and the chi-squared test for cate-
gorical variables. Multivariable logistic regression was used
to examine the independent relationship of PCOS status
and other relevant clinical factors with PIH (gestational
hypertension, preeclampsia/eclampsia, or HELLP). These
included age, race/ethnicity, nulliparity, fertility treatment
(fertility medication or in vitro fertilization), and weight
status (BMI). Among women with PCOS, we also examined
clinical predictors of PIH. All analyses were conducted using
STATAversion 10.1 (StataCorp LP, College Station, TX,USA).
A two-sided p-value of 0.05 was chosen as the criterion for
statistical significance.

3. Results

Among the 1902 women (910 with PCOS) with a delivered
singleton pregnancy, 101 (11.1%) PCOS and 36 (3.6%) non-
PCOSwomenwere classified as having chronic hypertension,
based onhypertension diagnosis, antihypertensive treatment,
or evidence of elevated blood pressure prior to 20 weeks
of gestation from clinical records in the absence of known
hypertension and/or treatment (51 PCOS and 17 non-PCOS
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Table 1: Baseline characteristics of women with singleton pregnancy and no preexisting hypertension by polycystic ovary syndrome status.

PCOSWomen Non-PCOSWomen
N = 809 N = 956

Age (mean ± SD) 31.2 ± 4.4∗ 30.7 ± 6.0
Race/Ethnicity ∗

White 326 (40.3%) 385 (40.3%)
Black 29 (3.6%) 65 (6.8%)
Hispanic 218 (27.0%) 233 (24.4%)
Asian 210 (26.0%) 238 (24.9%)
Other 26 (3.2%) 35 (3.7%)

Nulliparous 516 (63.8%)∗∗ 415 (43.4%)
Fertility Treatment† 438 (54.1%)∗∗ 18 (1.9%)
Pre-pregnancy BMI ≥30.0 kg/m2) 320 (39.6%)∗∗ 144 (15.1%)
∗p <0.05 and ∗∗p <0.001 comparing PCOS versus non-PCOS using the t-test for continuous variables and the chi-squared test for categorical variables.
†Fertility treatment includes receipt of fertility medications and assisted reproductive technology (e.g., in vitro fertilization).

women in this latter group).These 137 women were excluded
from further analyses in this study which focused on exam-
ining the risk of PIH in women without evidence of chronic
hypertension.

Among the remaining 1765 women without preexisting
hypertension (809 PCOS, 956 non-PCOS), the average age
was 31.0± 5.4 years, slightly higher amongwomenwith PCOS
(31.2 ± 4.4) compared to those without PCOS (30.7 ± 6.0,
p=0.04; Table 1). As previously reported [19], women with
PCOS were more likely to be obese (39.6% versus 15.1%),
more likely to be nulliparous (63.8% versus 43.4%), and to
receive fertility treatment for successful conception (54.1%
versus 1.9%) compared to women without PCOS (p<0.01).
The cohort alsomanifested substantial ethnic diversity, which
varied slightly by PCOS status (40.3% white, 3.6% black,
27.0% Hispanic, and 26.0% Asian versus 40.3% white, 6.8%
black, 24.4% Hispanic, and 24.9% Asian for non-PCOS,
p=0.04).

A total of 8.5% developed PIH, including gestational
hypertension (4.6%), preeclampsia (3.6%) and HELLP
(0.3%), although none developed eclampsia. Comparing
women with and without PCOS, 5.8% and 3.6% (p=0.02)
developed gestational hypertension, and 4.9% and 3.0%
(p=0.04) developed preeclampsia or HELLP syndrome,
respectively. The overall incidence of PIH in women with
PCOS was 10.8% compared to 6.6% in women without PCOS
(p<0.01).

The clinical characteristics by PCOS and PIH status are
shown in Table 2. Within each clinical subgroup, no statisti-
cally significant differences in age, race/ethnicity and overall
gravidity were noted, although nulliparity and prepregnancy
BMI differed by PIH status. Using multivariable logistic
regression analyses, PCOS was associated with increased
odds of PIH (odds ratio 1.7, 95% confidence interval, CI 1.2-
2.4) in unadjusted analyses and after adjusting for differ-
ences in age, race/ethnicity, nulliparity and fertility treatment
(adjusted OR 1.5, CI 1.0-2.4). However, this association
was attenuated and no longer significant after adjusting for
prepregnancy BMI (adjusted OR 1.1, CI 0.7-1.7). When exam-
ining the association of PCOS and preeclampsia or HELLP

specifically, PCOS status was associated with preeclamp-
sia/HELLP in unadjusted analyses (OR 1.7, CI 1.0-2.7) but no
association was evident in adjusted analyses (adjustedOR 1.0,
CI 0.5-1.9).

Among the 809 women with PCOS, adjusting for differ-
ences in age, race/ethnicity, nulliparity, fertility treatment and
prepregnancy BMI, both nulliparity (adjusted OR 2.3, CI 1.3-
3.9) and higher BMI (adjusted OR 3.3, CI 1.5-7.1 for BMI 25-
29; OR 5.8, CI 2.7-12.4 for BMI 30-39; and OR 4.2, CI 1.6-10.9
for BMI ≥40 compared to BMI <25 kg/m2) were significant
predictors of development of PIH. Similar associations of
nulliparity and PIH (adjusted OR 2.3, CI 1.3-4.0) were seen
in non-PCOS women, whereas for weight status (BMI), only
class III obesity (BMI ≥40 kg/m2) was associated with higher
risk of PIH compared to normal weight non-PCOS women
(adjusted OR 17, CI 5.1-54) but the number of non-PCOS
women in this BMI category was extremely small (1.5%).

4. Discussion

This is one of the first studies to assess the relationship
of maternal PCOS and the development of PIH in an
ethnically diverse community-based cohort of women with
singleton pregnancy in the western US. As PCOS continues
to become increasingly recognized in the clinical setting, with
larger numbers of women with PCOS achieving successful
pregnancy, there is a need to better understand pregnancy
outcomes within this population and to examine findings
within integrated health systems.

There is a growing body of evidence suggesting that PCOS
is associated with a greater risk of adverse outcomes in preg-
nancy.These include hypertensive disease/preeclampsia, ges-
tational diabetes, preterm delivery, low birth weight, neonatal
intensive care unit admission, and increased likelihood of
cesarean delivery [12, 13, 17–19, 23]. Population data and
aggregate meta-analyses conducted across multiple studies
examining adverse outcomes in PCOS pregnancies all show
an increased risk for PIH and preeclampsia in women with
PCOS, with a preponderance of data from Scandinavia [13,
17, 24]. Our analyses contribute to these findings by reporting
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Table 2: Clinical characteristics of women without preexisting hypertension by polycystic ovary syndrome (PCOS) and pregnancy-induced
hypertension (PIH) status.

No PCOS PCOS
No PIH PIH No PIH PIH
(n=893) (n =63) (n=722) (n= 87)

Maternal age (mean ± SD) 30.8 ± 6.0 29.7 ± 6.2 31.2 ± 4.4 31.5 ± 4.8
Maternal age ≥ 35 years, n (%) 230 (25.8%) 16 (25.4%) 144 (19.9%) 20 (23.0%)
Race/Ethnicity, n (%)

White 355 (39.8%) 30 (47.6%) 285 (39.5%) 41 (47.1%)
Black 58 (6.5%) 7 (11.1%) 26 (3.6%) 3 (3.5%)
Hispanic 220 (24.6%) 13 (20.6%) 197 (27.3%) 21 (24.1%)
Asian 227 (25.4%) 11 (17.5%) 192 (26.6%) 18 (20.7%)
Other 33 (3.7%) 2 (3.2%) 22 (3.1%) 4 (4.6%)

Gravidity (median, IQR) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-2)
Nulliparity, n (%) 377 (42.2%) 38 (60.3%)∗ 451 (62.5%) 65 (74.7%)∗

Pre-pregnancy BMI, n (%) ∗ ∗

<25 kg/m2 538 (60.3%) 30 (47.6%) 228 (31.6%) 9 (10.3%)
25-29 kg/m2 225 (25.2%) 18 (28.6%) 225 (31.2%) 27 (31.0%)
30-39 kg/m2 121 (13.6%) 9 (14.3%) 204 (28.3%) 40 (46.0%)
≥40 kg/m2 8 (0.9%) 6 (9.5%) 65 (9.0%) 11 (12.6%)

Column percentages are represented.
∗p < 0.05 comparing no PIH and PIH using the t-test for continuous variables and the chi-squared test for categorical variables.

data from a single integrated health system serving a diverse
NorthernCalifornia population, wherewomenwith preexist-
ing hypertension were excluded from the analyses. Although
we did not find an independent association between PIH and
maternal PCOS when considering differences in underlying
weight status, we did identify clinical predictors of PIH that
may inform clinical care of women with PCOS who become
pregnant, including nulliparity and higher BMI.

While our study presents data from a large and diverse
real-world population of women with PCOS achieving sus-
tained pregnancy, there are some important limitations to
consider. First, the criteria for diagnosing preeclampsia has
since been updated by the American College of Obstetricians
and Gynecologist Task Force on Hypertension in Pregnancy
in 2013 [25], whereas the diagnosis of preeclampsia in
this study accurately reflects the typical clinical practice of
obstetricians functioning in the acute setting of labor and
delivery units during our study period. These criteria were
consistent for both PCOS and non-PCOSwomen and thus do
not affect the relative comparison between groups. Second,
the size of this study and relatively small number of PIH
and preeclampsia events limit the ability to examine small
differences by clinical status, including PIH severity. Third,
we did not assess other factors that might have contributed
to PIH risk, including weight gain, hormone levels and other
cardiovascular or metabolic biomarkers.

In light of the growing body of literature examining
potentially adverse pregnancy outcomes in women with
PCOS, we identified several possible areas for future study.
Notably, PCOS presents along a spectrum of symptoms and
clinical severity [3, 26]. In assessing PCOS, some endocrinol-
ogists consider the degree of hyperandrogenism, including

subjective clinical presentation, and objective serum testos-
terone levels, to determine the severity of disease. Several
studies have investigated the degree to which a patient’s
androgen status affects pregnancy outcome. To date, the
data appear inconclusive, with Naver et al. [27] suggesting a
correlation betweenhyperandrogenemia status and increased
rates of negative obstetric outcomes and Mumm et al. [28]
finding no difference in outcomes among PCOS women
by androgen status or PCOS phenotype. It has also been
suggested that the degree to which a woman manifests
hyperandrogenism, obesity, and related health conditions,
including insulin resistance, affects the risk for PIH [13, 29].
Indeed, we found that weight status appeared to mediate
in part the observed relationship between PCOS and the
development of PIH. Future studies in larger population
cohorts might endeavor to investigate gestational outcomes
by severity of PCOS to determine whether specific risk
classificationmight be relevant for the individual patient.The
impact of preconceptionweight control in PCOSwomenwith
obesity, a modifiable risk factor, may also be an important
consideration.

Our study found that maternal PCOS status was asso-
ciated with increased risk of developing gestational hyper-
tensive disease, but this association was not independent of
pregestational weight status. This study supports an increas-
ing number of published reports demonstrating that women
with PCOS have a higher burden of high-risk pregnancies.
Whether the underlying etiology results from inherent fac-
tors of PCOS or other related characteristics that are part
of the PCOS phenotype (e.g., obesity, insulin resistance,
and hyperandrogenism) are not known, providers should be
aware that this clinical population is more likely to develop
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adverse pregnancy outcomes as compared to their non-
PCOS peers. A final important lesson for clinicians caring
for pregnant women with PCOS is the high rate of chronic
hypertension (11.1%) when compared to non-PCOS women
(3.6%). While we excluded these cases from our analyses, we
noted that many women were classified as having preexisting
hypertension based on high blood pressure identified during
early prenatal visits (prior to 20 weeks of gestation). As a
commonpoint of entry into the healthcare system, pregnancy
provides women the opportunity to address chronic health
issues that might otherwise be missed. In this way, pregnancy
also offers health care providers a potential period of inter-
vention to potentially reduce end-organ damage associated
with untreated disease, which is particularly relevant for
women with PCOS who have other metabolic risk factors.
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