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Abstract

Objectives: Polycystic ovary syndrome (PCOS) increases
non-alcoholic fatty liver disease (NAFLD) risk and severity in
adults, but data in adolescents with diverse backgrounds are
limited. We evaluated NAFLD prevalence and characterized
NAFLD risk factors in overweight/obese adolescents by PCOS
status.

Methods: Retrospective study of overweight (n=52)/obese
(n=271) female adolescents (12-18 years old), evaluated clini-
cally 2012-2020, was conducted comparing PCOS patients to
age-matched non-PCOS controls. NAFLD was defined as
ALT>244U/L x2 and/or 280U/L x1, hepatic steatosis on imaging,
or NAFLD on biopsy, in absence of other liver disease. Meta-
bolic comorbidities were captured. Log-binomial regression
models estimated prevalence risk ratios (PR).

Results: NAFLD prevalence was 19.1 % in adolescents with
PCOS (n=161), similar to those without (n=162) (16.8 %, p=0.6).
Adolescents with PCOS were more likely to have insulin
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resistance, hypercholesterolemia, and higher triglycerides
(p<0.05). Those with PCOS and concomitant type 2 diabetes
(T2DM) did have increased NAFLD risk (PR 2.5, p=0.04), but
those with PCOS without T2DM did not (PR 0.9, p=0.8).
Adolescents with PCOS and NAFLD, compared to those with
PCOS without NAFLD, had a higher prevalence of metabolic
comorbidities including hypercholesterolemia (77 vs. 48 %),
T2DM (29 vs. 8 %), and hypertriglyceridemia (65 vs. 37 %)
(p<0.01).

Conclusions: Almost 1 in 5 overweight/obese female ado-
lescents had NAFLD, but PCOS did not increase NAFLD risk
in this diverse cohort. Among young women with PCOS,
concomitant T2DM did increase the risk for NAFLD. Closer
monitoring of obesity comorbidities in adolescents with
PCOS is essential for optimizing health and merits updating
current guidelines.

Keywords: NAFLD; non-alcoholic fatty liver disease; PCOS;
pediatric NAFLD; polycystic ovary syndrome; type 2 diabetes.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most com-
mon chronic liver disease in children and is present in
nearly 20 % of adolescents aged 15-19 years old [1, 2]. Chil-
dren with NAFLD have increased morbidity and mortality in
adulthood. Recently, NAFLD became the fastest growing
indication for liver transplantation among young adults and
the leading indication for liver transplant in women in the
United States [3-5].

Polycystic ovary syndrome (PCOS), the most common
endocrinopathy in women of reproductive age, has been
found to increase the risk for NAFLD in adults, independent of
other risk factors with advanced hepatic fibrosis found at a
younger age in women with PCOS [6]. NAFLD is often
reversible in its early stages therefore timely recognition, in
young girls in particular, is crucial in preventing further he-
patic injury and may greatly improve quality of life.
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A 2022 meta-analysis recently published found that
women and girls with PCOS have a higher prevalence of
NAFLD than those without PCOS however most studies
addressing this relationship did not evaluate for risk factors
and were not performed in a diverse population [7]. We,
therefore, aimed to evaluate NAFLD prevalence in over-
weight/obese adolescent girls by PCOS status in a racially
diverse population and evaluate whether risk factors for
NAFLD differed by PCOS status.

Materials and methods

This was a retrospective, single center study of female patients with a
previous outpatient encounter that included an ICD-9 or ICD-10 code for
overweight or obesity (Supplementary Table 1) at the University of
California Benioff Children’s Hospitals between 2012, the beginning of
the currently used electronic medical record system, and June 1, 2020.
Institutional Review Board approval was obtained. Electronic medical
records were reviewed by a single individual trained in pediatrics and
pediatric gastroenterology, hepatology, and nutrition, with data extracted
into a REDCap (Research Electronic Data Capture) database.

Patients, aged 12-18 years old at June 1, 2020, were then defined as
having PCOS based on ICD codes (ICD-9 256.4/ICD-10 E 28.2) and verified
to meet the practice guidelines by the Endocrine Society by chart review
[8]. These guidelines state that diagnosis should be made by presence of
persistent oligomenorrhea and clinical and/or biochemical evidence of
hyperandrogenism. Controls who were overweight or obese but without
PCOS were age-matched 2:1 by date of birth within 1 week. Suspected or
confirmed NAFLD by PCOS status was the primary outcome, defined
using the algorithm found in the North American Society of Pediatric
Gastroenterology, Nutrition, and Hepatology guidelines [9]. The defini-
tion of suspected NAFLD varies in the literature [10-12]. Suspected
NAFLD in this study was defined using stricter criteria than prior
research to strengthen the use of ALT as a surrogate for NAFLD with
alanine aminotransferase (ALT) 244 U/L (2 times upper limit of normal
22 U/L) checked on two timepoints within 2 years or >80 U/L once or
hepatic steatosis on imaging. Confirmed NAFLD was defined as biopsy-
confirmed NAFLD or hepatic steatosis on computed topography (CT) or
magnetic resonance imaging (MRI), in absence of other known chronic
liver disease (autoimmune hepatitis, gallstone disease, hepatitis B/C,
thyroid disease, or celiac disease). Data collected was limited to a 5-year
timespan of 2015-2020 to improve the precision and more accurately
reflect prevalence. Laboratory and imaging data were collected within 2
years of most recently documented body mass index (BMI) to time of
data collection that met the definition of overweight (BMI>85 %ile to
<95 %ile) or obesity (BMI=95 %ile), as the American Academy of Pedi-
atrics guidelines on pediatric obesity management recommend repeat
testing every 2 years for normal values [13].

Adolescents identified by ICD9/10 codes for overweight/obesity with
no available ALT levels were excluded unless they had confirmation of
NAFLD by biopsy or cross-sectional imaging. In addition, adolescents with
the following were excluded: no documented growth parameters within
6 months of ALT, ALT only taken during episode of acute hepatobiliary
disease (cholecystitis, choledocholithiasis, and pancreatitis), self-reported
lifetime binge alcohol use (>8 drinks per week), prior or current use
of hormonal therapy for gender reassignment, prior or current use of
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parenteral nutrition, and/or prior or current use of pro-steatotic medi-
cations (glucocorticoids, methotrexate, amiodarone, valproic acid, or
chemotherapy).

Risk factors for NAFLD, compared by PCOS status, included: body
mass index (BMI), BMI percentile, BMI z-score, and metabolic laboratory
tests. Laboratory tests were used to define presence of type 2 diabetes
(T2DM, diagnosed by an endocrinologist or HbA;.26.5 %); hypercholes-
terolemia (total cholesterol 2200 mg/dL or LDL>130 mg/dL) [14];
hypertriglyceridemia (triglycerides >130 mg/dL) [14]; and insulin resis-
tance (triglyceride: HDL-C ratio 22.16) [15]. Active use of contraception
and metformin at the encounter from which BMI and ALT were recor-
ded was also collected, as these are mainstay treatments for PCOS.
Hypertension was defined based on an established diagnosis made by a
nephrologist or cardiologist found on chart review.

Prevalence risk ratios (PR) and prevalence risk differences (PD)
were assessed, avoiding over-estimation of association strength [16]. To
perform multivariate analysis to control for confounding variables,
adjusted prevalence risk ratios (aPR) were obtained using the log-
binomial method [17]. Wilcoxon rank-sum test was used to compare
median values of continuous outcomes, and the chi-square test was used
to compare categorical outcomes. Statistical analysis was performed on
Stata/MP 16.1.

Results

Our study population included 323 overweight or obese
adolescent females, 162 with PCOS and 161 age-matched non-
PCOS controls. Initially, 180 patients with PCOS and 360
patients without PCOS were enrolled. Then, 6 with PCOS and
112 without PCOS were excluded for not having an ALT
available in their electronic medical record. One was
excluded from the non-PCOS group for binge alcohol use.
The rest were excluded for a history of being on pro-steatotic
medications.

The median BMI percentile was 98.3 % (IQR 96.2-99.1),
median BMI z-score was 2.1 (IQR 1.77-2.38), and median age
was 17.3 years (IQR 15.9 to 18.2) with no significant differ-
ences between groups (Table 1). Patients with PCOS had
similar percent of overweight patients to those without PCOS
(17.4 % (n=28) vs. 14.8 % (n=24), p=0.8) with the rest of patients
being obese (82.6 vs. 85.2 %). Patients with PCOS were less
likely than the controls to identify their race as Black (8.6 vs.
16.8 %) and more likely to identify as Other (66.1 vs. 52.3 %,
p=0.04). In the group that chose Other as their race, 75.4 %
chose Latina ethnicity, although no statistical difference was
seen comparing the groups by ethnicity. Patients with PCOS
were significantly more likely to be on metformin (23.5 vs.
11.8 %, p = <0.01), a mainstay treatment for PCOS, than those
without PCOS.

Notably, it was found that nearly 60 % (59.3 %) of PCOS
patients had an elevated ALT (>22 U/L, upper limit of normal),
similar to 52.2 % of patients without PCOS (p=0.20). Among
patients with elevated ALT, those with PCOS were less likely to
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Table 1: Characteristics by PCOS status.

Total No PCOS PCOS p-
(n=161) (n=162) Value®
Age, years, median 17.3 17.3 171 0.81
(IQR) (15.9-18.2) (15.9-18.2) (16.0-18.2)
BMI, median (IQR) 335 32,6 344 040
(29.8-38.2) (29.3-37.7) (30.7-39.4)
BMI %, median (IQR) 98.3 98.2 984 035
(96.2-99.1)  (96.3-99.1) (96.1-99.2)
BMI Z-score, median 2.1 21 2.1 0.36
(IQR) (1.8-2.4) (1.8-2.4)  (1.8-2.4)
Race, % 0.04
White 20.7 21.7 19.8
Black 12.7 16.8 8.6
Asian 7.4 9.3 5.6
Other 59.1 523 66.1
Ethnicity, % 0.26
Latina 48.6 441 53.1
ALT, U/L, median (IQR) 24 (17-37) 23(16-36) 25(18-37)  0.95
HbA¢ (%), median (IQR) 5.4 5.5 54 0.38
(5.2-5.8) (5.2-5.9)  (5.2-5.7)
Glucose® (mg/dL), 90 91 (84-102) 90  0.52
median (IQR) (84-100.8) (84-99.5)
Total cholesterol (mg/ 161 158 163 0.41
dL), median (IQR) (141-181)  (141-179)  (141-186)
HDL-C (mg/dL), median 45 (38-52) 46.5(38-53) 44(38-52)  0.33
(IQR)
LDL (mg/dL), median 91 91(73-108) 93  0.07
(IQR) (74-114) (75-118)
Triglycerides (mg/dL), 112.5 104 120  0.04
median (IQR) (78-162) (71-151)  (86-166)
Insulin resistance, % 59.2 52.3 645  0.05
Type 2 diabetes, % 13.9 16.1 1.7 025
Hypercholesterolemia, % 45.8 37.9 53.7 0.004
Hypertriglyceridemia, % 35.9 29.8 42.0 0.02
Hypertension, % 3.4 2.5 4.3 0.36

Observations performed from 2015 to 2020. ®p-Values determined using
chi-square test for percentiles and Wilcoxon rank-sum test for median (IQR)
values. ®Glucose values include both fasting and non-fasting values.
{(TG/HDL-c>2.16).

have serologic chronic hepatitis work-up (11.5 vs. 21.4 %,
p=0.07) or liver imaging done (32.3 vs. 37.8 %, p=0.4).
Compared to the controls without PCOS, those with PCOS
were more likely to have insulin resistance (63.9 vs. 52.2 %,
p=0.04), hypercholesterolemia (53.7 vs. 37.9 %, p=0.004), and
higher triglycerides (median (IQR) 120 (86-166) vs. 104
(71-151), p=0.04).

Among adolescents with PCOS, the prevalence of NAFLD
was 19.1 % (16.0 % suspected NAFLD and 3.1 % confirmed
cases) which was similar to adolescents without PCOS (16.8 %
(p=0.58), 14.3 % (p=0.56) and 2.5 % (p=0.74) respectively).
Likewise, PCOS did not increase NAFLD risk on unadjusted
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(PR 1.14 (0.71-1.82, p=0.58)) or adjusted models including age
and BMI percentile, (aPR 112 (0.71-1.77, p=0.62)). When
analyzing only suspected NAFLD or confirmed NAFLD risk,
the unadjusted and adjusted models similarly did not find
statistically significant prevalence risk ratios. Because there
were few confirmed cases, subsequent analysis combined all
suspected and confirmed NAFLD patients.

T2DM was found to be an effect modifier of NAFLD risk
(Table 2). Among all adolescents with T2DM (n=45), those
with PCOS were 2.5 times more likely to have NAFLD than
those without PCOS (p=0.04). NAFLD risk among adolescents
with hypercholesterolemia, hypertriglyceridemia, or insulin
resistance did not differ by PCOS status. Yet in adolescents
with PCOS, those found to have NAFLD were significantly
more likely to have metabolic co-morbidities, including
insulin resistance, T2DM, hypercholesterolemia, and hyper-
triglyceridemia than those without NAFLD (p<0.005) (Figure 1).
A majority of adolescents with both PCOS and NAFLD had
insulin resistance (90.3 %), hypercholesterolemia (77.4 %), as
well as hypertriglyceridemia (64.5 %); prevalence of each
comorbidity was lower in those with PCOS but without
NAFLD: 58.1, 48.1, and 36.6 % respectively.

Latina patients with PCOS had a similar prevalence of
NAFLD compared to Latina patients without PCOS (24.4 vs.
25.4 %, p=0.89). However, among those who identified as
“Not Hispanic or Latina,” patients with PCOS were 2.4 times
more likely to have NAFLD than those without PCOS (15.6 vs.
6.5 %, p=0.08)), with a significant difference observed in
those who identified as Asian (37.5 vs. 0.0 %, p=0.02). A 4-fold
increase of NAFLD prevalence was seen in those identified as
White only (16.7 vs. 4.2 %, p=0.17), though not statistically
significant. When including ethnicity in an adjusted multi-
variate model, NAFLD risk remained unchanged (aPR 1.12
(0.71-1.77, p=0.62)).

There were no statistically significant differences in
NAFLD risk by PCOS status comparing patients in early
(12-14 years old), middle (14-16 years old), or late

Table 2: Prevalence of NAFLD by PCOS status, stratified by type 2
diabetes.

PCOS PCOS PR(CI) PD(%)(CI) p-Value
absent, present,
% %
Without type 16.3 15.4 0.9 0.9 0.84
2 diabetes (0.5-1.6) (-9.5-7.6)
mellitus
With type 2 19.2 47.4 2.5 28.1 0.04
diabetes (1.0-6.2) (1.1-55.2)
mellitus
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Figure 1: Metabolic co-morbidities by NAFLD and PCOS status. *=p-value <0.01 compared to PCOS+/NAFLD- and PCOS+/NAFLD+.

adolescence (17-18 years old) or comparing patients who
were overweight, obese, or severely obese (BMI %ile 299 or
BMI z-score>3.5). There was also no statistically significant
difference in NAFLD risk by PCOS status based on PCOS
medication use (metformin or contraceptives).

Discussion

Given limited previous study of the association between
PCOS and NAFLD in adolescents, we characterized the
prevalence of NAFLD and other metabolic risk factors in
overweight/obese adolescents by PCOS status. We found a
striking ~20 % of overweight/obese adolescents with PCOS to
have suspected NAFLD, consistent with prior published
prevalence data. NAFLD prevalence was found to be similar
in overweight/obese adolescents with and without PCOS,
though adolescents with both NAFLD and PCOS were more
likely to have other metabolic comorbidities. Our data spe-
cifically identified T2DM as an effect modifier of NAFLD risk;
adolescents with T2DM and PCOS were 2.5 times more likely
to have NAFLD as compared to those with T2DM alone.
Providers taking care of patients with PCOS and T2DM
should be particularly suspicious for NAFLD as both PCOS
and T2DM, separately, are known to accelerate the pro-
gression of NAFLD to non-alcoholic steatohepatitis and
advanced fibrosis in adult women at a younger age [6, 18-21].
Thus, risk factors for early onset disease may be traced
to adolescence, where metabolic comorbidities may set
the stage for advanced disease in young adulthood. Severity

of metabolic syndrome (including obesity, diabetes, and
hypertension) is also associated with risk for advanced
hepatic fibrosis and increased morbidity post liver-
transplantation [22].

PCOS is the most common endocrinopathy among
women of reproductive age and is a set of symptoms that may
bring adolescent females to seek medical care. Evaluation for
PCOS can also create an opportunity to diagnose NAFLD, a
silent disease. A review of clinical practice guidelines of PCOS
published from 2007 to 2018 found that only 2 of 13 recom-
mended screening for NAFLD in women with insulin resis-
tance and metabolic syndrome [23]. A positive screen should
prompt counselling on lifestyle modification and referral to
a dietician and pediatric hepatologist. Reduction of sugar-
sweetened beverages and aerobic exercise intervention
resulted in hepatic fat reduction and improvement in total
and visceral fat in children [9]. Though NAFLD was found to
be quite prevalent, we found that patients with PCOS with an
elevated ALT rarely had further hepatitis work-up (11.5 %).
Our findings underscore the need to consider standardized
guidelines for screening and care for NAFLD, an asymp-
tomatic disease, in patients with PCOS, particularly among
adolescents with concurrent T2DM, in line with the AAP
guidelines for adolescents who are obese/overweight and
NASPGHAN guidelines for NAFLD [9, 13].

Racial/ethnic differences in NAFLD prevalence are well
described, including the higher risk among those of Latina
ethnicity also seen in our study, and lower risk among
Black adolescents [9, 24]. Interestingly, we found that among
non-Latina patients PCOS diagnosis conferred a 2.4 times
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higher prevalence of NAFLD while amongst Latinas NAFLD
prevalence did not differ by PCOS status. Though the dif-
ference in risk ratios was not statistically significant with a
p-value of 0.08, this is clinically relevant. Our study popu-
lation drew from clinics at a tertiary care center in Califor-
nia, likely reflecting the referral patterns of our institution,
and may be more diverse and not be reflective of the
adolescent population in the United States. This may be the
reason we did not appreciate the previously documented
increased risk of suspected NAFLD in patients with PCOS as
seen in the often cited Raine cohort study in Australia where
the race and ethnic distribution differed and was predomi-
nantly (~85 %) Caucasian [25].

Although we were able to report on a large sample of
overweight/obese adolescents with detailed characteriza-
tion of metabolic comorbidities, we did rely on ICD codes
for PCOS diagnosis, which may have underestimated or
overestimated PCOS diagnosis. Misclassification of PCOS
could have decreased our ability to detect differences in
NAFLD prevalence by PCOS status. However, notably, there
is only 11CD code for PCOS and all charts were checked to see
if code was added by a medical provider.

Further limitations to our study stemmed from the fact
that our data collection was retrospective. The difference in
patient exclusion based on ALT availability in the electronic
medical record may have biased our controls towards being
less representative of the racial and ethnic distribution of
obesity seen among adolescent females in population studies
[26]. Although the majority of laboratory data was collected
within 6 months of most recent BMI available, some data
spanned to 2 years prior which may reflect periods of notable
fluctuations for metabolic profiles in adolescents. We felt
comfortable including data within the 2 years timespan
since that is the frequency with which the AAP guidelines for
obesity management in children/adolescents recommends
for screening for NAFLD [13].

Our NAFLD diagnosis also relied mostly on ALT values.
Only 1.9 % of the study population had a liver biopsy per-
formed. Although liver biopsy remains the gold standard for
NAFLD/NASH diagnosis, it is an invasive procedure and not
always pursued in strongly suspected NAFLD cases without a
competing diagnosis. More specific and sensitive non-invasive
tests are urgently needed to improve diagnosis and staging of
NAFLD in all children. As a retrospective study, the timing
of liver enzyme collection was variable based on provider
and patient choices; therefore, using date of ALT was not
acceptable. Additional risk factors such as age of menarche
and hyperandrogenism could not be analyzed due to data
unavailability in the non-PCOS population. A prospective
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cohort study performed in a diverse group of adolescents
to further elucidate the risk of PCOS on NAFLD and its
progression would be the next step.

We also restricted our data collection to patients
that were overweight and obese to limit confounding,
given that the risks of both PCOS and NAFLD are increased
in the overweight/obese population. We acknowledge that
patients with normal BMI can develop both PCOS and
NAFLD and that not including them in our study is a
limitation.

Notably, we found that patients with PCOS were signifi-
cantly more likely to be on metformin, a treatment for PCOS,
(235 vs. 11.8 %, p=<0.01) which may have also affected the
outcomes. Patients on or previously on metformin were not
excluded for this study because multiple studies have shown
that metformin did not lead to a greater difference in ALT
reduction or more histologic improvement compared to pla-
cebo in pediatric patients with NAFLD [27, 28]. In contrast, in
adults, metformin has been found to have a protective effect
against NAFLD in patients with PCOS after 12 months of use
[29]. Further research needs to be done to study a possible
protective effect of metformin in adolescents with PCOS
against NAFLD.

Conclusions

NAFLD was present in nearly 20 % of overweight/obese
female adolescents with PCOS, similar to those without
PCOS. Type 2 diabetes was a notable risk factor for NAFLD
among female adolescents with PCOS. Adolescents with
PCOS and NAFLD were more likely to have insulin resistance
and dyslipidemia. Clinical guidelines in adolescents with
PCOS, particularly those with type 2 diabetes, for screening
and counselling of NAFLD should be further developed,
similar to the guidelines for all overweight/obese adoles-
cents, to facilitate earlier diagnosis and optimized care — and
ideally to optimize long-term liver and overall health of
young women.
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