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Abstract

Polycystic ovary syndrome (PCOS) occurs in approximately 10% of all
reproductive-age women, with over 50% of these patients having imaging-
confirmed nonalcoholic fatty liver disease (NAFLD). Whether PCOS in-
creases the risk for more clinically relevant disease, such as nonalcoholic
steatohepatitis (NASH), is unclear. Such findings are relevant to prognosti-
cating risk of progressive liver disease in the growing population of young
adults with NAFLD. Using weighted discharge data from the United States
National Inpatient Sample from 2016 to 2018, we evaluated the association
of PCOS with the presence of NASH among reproductive-age women with
NAFLD. The association of PCOS with NASH was assessed by logistic re-
gression, adjusting for demographic and comprehensive metabolic comor-
bidities. Other causes of hepatic steatosis and chronic liver diseases were
excluded. Our analysis included 189,440 reproductive-age women with
NAFLD, 9415 of whom had PCOS. Of those with PCOS, 1390 (15%) had a
distinct code for NASH. Women with PCOS were younger (median age, 33
vs. 40years; p <0.001) and more likely to have diabetes (37.0% vs. 34.0%),
obesity (83.0% vs. 58.0%), dyslipidemia (26.0% vs. 21.0%), and hypertension
(38.0% vs. 35.0%) (all p £0.01). On adjusted analysis accounting for these
metabolic comorbidities, PCOS remained independently associated with an
increased prevalence of NASH (adjusted odds ratio, 1.22; 95% confidence
interval, 1.05-1.42; p =0.008). Conclusions: Among reproductive-age women
with NAFLD, metabolic risk factors were more common in those with PCOS.
Despite adjustment for these metabolic comorbidities, PCOS remained as-
sociated with a 22% higher odds of having NASH. These findings support ef-
forts to increase NAFLD screening in young women with PCOS and highlight
the potential “head start” in progressive liver disease among young women
with PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the most
common endocrine disorders in reproductive-age
women with a prevalence of 10-15%."? PCOS is
tightly linked with the metabolic syndrome, with most
women having insulin resistance as well as a greater
risk for dyslipidemia and overweight/obese. Not sur-
prisingly, PCOS is also an established risk factor for
nonalcoholic fatty liver disease (NAFLD), with 40%—
55% of women with PCOS having imaging-confirmed
hepatic steatosis.®! This high risk of NAFLD likely re-
lates to coexisting metabolic disease in PCOS as well
as elevated levels of circulating androgens, which also
promote hepatic steatosis in women.*? However,
whether PCOS is associated with more clinically signif-
icant manifestations of NAFLD, such as nonalcoholic
steatohepatitis (NASH), remains unclear. Such findings
are relevant to the need for routine NAFLD screening in
adolescents and young women with PCOS in addition
to prognosticating the risk of progressive liver disease
among young women with NAFLD.

MATERIAL AND METHODS

This study leveraged the US National Inpatient Sample
(NIS), the largest, publicly available, all-payer inpa-
tient, longitudinal database in the United States. The
NIS was developed as part of the Health Cost and
Utilization Project, which is sponsored by the Agency
for Healthcare Research and Quality. Data are derived
from over 7 million hospital admissions annually and
include demographic variables and discharge diagno-
ses categorized by the International Classification of
Diseases, tenth revision (ICD-10) codes.’®! Weighted,
the sample provides a nationally representative esti-
mate of over 35 million hospital stays per year. The NIS
does not capture outpatient encounters.

Using NIS data from 2016 to 2018, we evaluated
the association of PCOS with the presence of NASH
in reproductive-age women (18-50years old) and
NAFLD defined by ICD-10K76.0. The 2016 start date
was selected because a dedicated ICD-10 code for
NASH (K75.81) was introduced in the last quarter of
2015. PCOS was defined by ICD code E28.2. We ex-
cluded women with any potential non-NAFLD causes
of hepatic steatosis or steatohepatitis, such as alcohol-
related conditions, and women with NAFLD plus other
concurrent acute or chronic liver diseases (Table S1).

Our outcome of interest was NASH defined by ICD-
10K75.81 Covariates included demographics (age,
race, rural vs. urban location, insurance status) and
metabolic comorbidities, including diabetes (defined as
“uncomplicated,” “complicated” for those with kidney,
ophthalmic, neurologic, other specified or unspecified
complications, and a “composite” value combining both

that was used in our adjusted model), obesity, dyslipid-
emia, and hypertension (see Table S1). Demographic
data were collected directly from the NIS database, and
metabolic variables were determined by discharge di-
agnosis codes.

The association of PCOS with NASH was evalu-
ated by multivariate logistic regression, adjusting for
relevant demographic and metabolic risk factors by
using survey-specific versions of analysis procedures.
Descriptive statistics were compared by PCOS status
using Pearson chi-square or t tests as appropriate.
p <0.05 indicated statistical significance, and analyses
were performed with Stata MP 17 (StataCorp, College
Station, TX). The NIS data set was purchased by the
University of California, San Francisco, and permission
was obtained for analysis after completion of a signed
data use agreement form. This study was exempt from
institutional review board approval, given absence of
patient identifiers.

RESULTS

From 2016 to 2018, there were 189,440 reproductive-
age women with NAFLD meeting study inclusion crite-
ria, 9415 of whom had PCOS. Of those with NAFLaD
and PCOS, 1390 (15.0%) had a distinct diagnosis of
NASH. During the study period, there were no sta-
tistically significant differences in temporal trends of
NASH prevalence by PCOS status. However, by 2018,
the prevalence of NASH among those with PCOS
and NAFLD was 16.8% versus 13.3% for women with
NAFLD and no PCOS (p = 0.008) (Figure 1).

Compared to women without PCOS, those with
PCOS were younger (median age, 33 vs. 40years;
p <0.001) with a racial/ethnic distribution of 69.0%
White, 17.0% Hispanic, and 7.7% Black, compared to
57.0% White, 24.0% Hispanic, and 13.0% Black among
women without PCOS (p <0.001) (Table 1). Women
with PCOS were more likely to have private insurance
(59.0% vs. 44.0%) and less likely to have Medicare
(71% vs. 12.0%), Medicaid (24.0% vs. 33.0%), or other/
unknown insurance (9.4% vs. 11.0%) (all p <0.001).
Women with PCOS were more likely to have diabetes
(37.0% vs. 34.0%), obesity (83.0% vs. 58.0%), dyslipid-
emia (26.0% vs. 21.0%), and hypertension (38.0% vs.
35.0%) (all p<0.01).

On adjusted analysis, older age, White race, and
most metabolic comorbidities were associated with a
higher prevalence of NASH among reproductive-age
women with NAFLD (Table 2). Although not apparent
on unadjusted analysis (odds ratio [OR], 1.1; 95% con-
fidence interval [CI], 0.97-1.28; p = 0.17), PCOS was
strongly associated with a prevalence of NASH after
adjusting for comprehensive demographic and met-
abolic comorbidities (OR, 1.22; 95% CI, 1.05-1.42;
p =0.008).
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FIGURE 1 NASH prevalence as percentage of study population by PCOS status from 2016 to 2018. p values are from Fisher's exact
test comparing proportion with NASH by PCOS status and year. NASH, nonalcoholic steatohepatitis; PCOS, polycystic ovary syndrome.

TABLE 1 Cohort characteristics by PCOS status (n = 189,440)

Characteristic
Age, median years (IQR)
Race, n (%)

White

Black

Hispanic

Asian or Pacific Islander

Native American

Other
Location (rural vs. urban), n (%)
Micropolitan counties or smaller
Counties of metropolitan areas of 50,000-999,000
Counties of metropolitan areas of =21 million
Insurance, n (%)

Medicare

Medicaid

Private

Other/unknown
Diabetes, n (%)

Composite

Uncomplicated

Complicated?®
Obese, n (%)
Dyslipidemia, n (%)
Hypertension, n (%)

PCOS (n = 9415)

33 (28-39)

6320 (69.0%)
700 (7.7%)
1525 (17.0%)
165 (1.8%)
95 (1.0%)
300 (3.3%)

1340 (14.0%)
3130 (33.0%)
4945 (53.0%)

665 (7.1%)
2280 (24.0%)
5585 (59.0%)
885 (9.4%)

3465 (37.0%)
2190 (23.0%)
1275 (14.0%)
7800 (83.0%)
2425 (26.0%)
3590 (38.0%)

Non-PCOS (n = 180,025) p value
40 (32-46) <0.001

<0.001
99,360 (57.0%)

22,530 (13.0%)
41,165 (24.0%)
3565 (2.0%)
1735 (1.0%)
6635 (3.8%)

24,235 (13.0%)
55,050 (31.0%)

100,310 (56.0%)

21,120 (12.0%)
60,010 (33.0%)
79,210 (44.0%)
19,685 (11.0%)

61,125 (34.0%)
30,130 (17.0%)
30,995 (17.0%)

104,875 (58.0%)

38,320 (21.0%)
63,100 (35.0%)

0.039

<0.001

0.012
<0.001
<0.001
<0.001
<0.001

0.012

Abbreviations: IQR, interquartile range; PCOS, polycystic ovary syndrome.
@Complicated defined as diabetes mellitus with kidney, ophthalmic, neurologic, and other specified (e.g., vascular, dermatologic) or unspecified complications.
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TABLE 2 Association of PCOS with NASH, adjusted for baseline demographic and metabolic covariates

Characteristic

PCOS

Age

Race (ref. group, White)
Black
Hispanic
Asian or Pacific Islander
Native American
Other

Location (ref. group, urban)
Metropolitan 50,000-999,000
Micropolitan

Insurance (ref. group, Medicare)
Medicaid
Private
Other/unknown

Diabetes

Obese

Dyslipidemia

Hypertension

Univariate analysis

OR (95% CI)
1.11 (0.97-1.28)
1.03 (1.03-1.04)

0.56 (0.50—0.63)
0.66 (0.59-0.74)
0.41 (0.31-0.55)
1.29 (0.95-1.75)
0.64 (0.45-0.90)

1.34 (1.21-1.48)
1.85 (1.66-2.06)

0.46 (0.41-0.51)
0.43 (0.39-0.48)
0.42 (0.36-0.48)
1.99 (1.85-2.15)
1.08 (0.99-1.17)
1.27 (1.17-1.37)

1.07 (1.01-1.15)

Multivariate analysis®

p value AOR (95% CI) p value
0.170 1.22 (1.05-1.42) 0.008
<0.001 1.03 (1.02-1.03) <0.001
<0.001 0.59 (0.52-0.66) <0.001
<0.001 0.78 (0.70-0.87) <0.001
<0.001 0.50 (0.37- <0.001
0.097 0.66) 0.265
0.011 1.19 (0.88-1.60) 0.76 (0.53-1.08) 0.125
<0.001 1.17 (1.06-1.29) 0.002
<0.001 1.46 (1.31-1.63) <0.001
<0.001 0.60 (0.54-0.67) <0.001
<0.001 0.54 (0.49-0.60) <0.001
<0.001 0.53 (0.45-0.61) <0.001
<0.001 1.83 (1.68-2.00) <0.001
0.079 1.07 (0.98-1.17) 0.123
<0.001 0.91 (0.84-0.99) 0.048
0.034 0.83 (0.77-0.89) <0.001

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; NASH, nonalcoholic steatohepatitis; OR, odds ratio; PCOS, polycystic ovary syndrome; ref.,

reference.

@Composite diabetes (uncomplicated plus complicated as defined in Table 1) used for adjustment in multivariate analysis.

DISCUSSION

In this large, nationally representative, population-
based study, we identified a more than 20% higher
odds of prevalent NASH among reproductive-age
women with NAFLD and PCOS, despite these women
being on average 7 years younger than women with-
out PCOS. Although PCOS is an established risk
group for NAFLD," the current study supports the in-
fluence of PCOS on clinically significant liver disease.
These findings have implications for NAFLD risk
stratification in women with PCOS and support the
need for routine NAFLD/NASH screening in women
with PCOS.

PCOS occurs in an estimated 10-15% of
reproductive-age women, and its prevalence contin-
ues to rise.28! Approximately half of reproductive-age
women with PCOS have imaging-confirmed hepatic
steatosis compared to 25% in the general popula-
tion.®! In our prior study of reproductive-age women
with biopsy-confirmed NAFLD, we did not find PCOS
to be associated with the presence of NASH, although
we did identify PCOS as a risk factor for more severe
histologic features, including advanced fibrosis."%!
Advanced fibrosis was also evident at a younger age
than in women without PCOS, underscoring their risk

for potentially early onset and accelerated disease.
Such findings are supported by the current large ep-
idemiologic database, which facilitated greater power
to also detect differences in prevalent NASH by PCOS
status, a finding that was independent of comprehen-
sive metabolic risk factors.

The high prevalence of NAFLD among women with
PCOS is particularly relevant as NASH is now the
leading indication for liver transplantation in woment!
and the most common cause of chronic liver disease
in young adults.'" A recent population-based observa-
tional study found that the prevalence of NAFLD among
young adults aged 20-39years old had increased
from 9.22% in 1990 to 12.17% by 2017.'% Practically
speaking, this translates to an increasing number of
reproductive-age women presenting to a liver clinic
for NAFLD evaluation and care. Given the influence of
PCOS on clinically significant liver disease, hepatology
providers should routinely inquire about PCOS and its
related symptoms (hirsutism and irregular menses).
Furthermore, the identification of PCOS in the liver
clinic can allow women with suspected PCOS to be re-
ferred for specialist PCOS care.

How PCOS influences NASH risk may relate, in
part, to more severe metabolic disease as 30%—60%
of women with PCOS are overweight/obese!™® and
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44%-85% have insulin resistance or frank diabetes.
However, the current study showed that NASH risk
remained independent of coexisting metabolic comor-
bidities, including diabetes, obesity, and dyslipidemia.
The current study could not evaluate the contribu-
tion of androgens to study outcomes; this is relevant
as androgens are associated with severity of hepatic
steatosis in women with PCOS." In a prior study of
predominantly patients without PCOS, higher testos-
terone levels did confer a greater severity of NASH,
although findings were only evident in the youngest
subgroup of reproductive-age women,[™ which may
relate to the natural decline in testosterone levels with
premenopausal aging.“al Whether androgens promote
liver injury in women with PCOS, a population that
maintains elevated androgens throughout premeno-
pausal years, remains to be elucidated. Mechanisms
by which androgens may influence NASH include an-
drogenic effects on visceral adiposity as well as pro-
duction of lipotoxic lipid species that have been shown
to promote NASH in the general population.”mg] More
granular data on the role of androgens on liver injury
and progression in women with PCOS, including po-
tential mechanistic pathways, are needed.

The currentfindings also support the need to consider
routine NAFLD/NASH screening in women with PCOS.
The American Society for Reproductive Medicine
and European Society of Human Reproduction and
Embryology's current International guidelines, the
most widely used in PCOS management, recommend
screening for metabolic risk factors among women with
PCOS, including hypertension, dyslipidemia, and insu-
lin resistance/diabetes,"® but do not include liver tests
to screen for NAFLD/NASH. Given the high NAFLD
prevalence in approximately half of patients with PCOS
and current findings supporting greater risk for NASH,
the inclusion of a liver panel as part of routine metabolic
screening in this young population of high-risk women
should be considered.

The current study has several important strengths,
including the use of a large racially diverse cohort with
NASH-specific coding. However, our data set relied on
ICD-10 coding; thus, we were unable to evaluate his-
tologic data or laboratory parameters related to NASH
or severity of NASH. The NIS also does not capture
coding from the outpatient setting, where the maijority
of NAFLD cases are managed. Inpatients may have
abnormal liver tests for other reasons, with potential
miscoding as NAFLD/NASH, although such miscod-
ing is unlikely to differ by PCOS status. Depending on
the indication for hospital admission, particularly for
liver-related events, PCOS may not be deemed rele-
vant for inclusion as a discharge diagnosis. Thus, the
prevalence of NASH among reproductive-age women
with PCOS is likely underestimated. Despite these
concerns, notable differences in the risk of NASH by
PCOS status were observed.

In summary, we identified an increased risk of
prevalent NASH among women with PCOS that was
independent of metabolic risk factors, and was appar-
ent despite the younger age of PCOS patients. Our
findings underscore the need for a routine inquiry
of PCOS by hepatology providers caring for young
women with NAFLD. The findings also further support
the need to consider routine NAFLD screening by the
larger community of providers caring for PCOS. Such
efforts may help to mitigate the risk of liver disease
progression in this high-risk population with early
onset disease.
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