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Abstract

Polycystic Ovary Syndrome (PCOS) affects 10-15% of reproductive age women and is a 

recognized risk factor for nonalcoholic fatty liver disease (NAFLD). The more severe form of 

NAFLD, known as nonalcoholic steatohepatitis (NASH), results in liver inflammation with or 

without fibrosis, and is now a leading cause of cirrhosis. Ethnic differences are apparent in 

NAFLD, with higher prevalence in Hispanics, although the role of Hispanic ethnicity on risk for 

NAFLD/NASH in women with PCOS is not known. Objective: The aim of this study was to 

evaluate ethnic differences in the prevalence and risk of NAFLD/NASH in women with PCOS. 

Study Design: Among PCOS women followed in a large academic medical center the association 

of Hispanic ethnicity with elevated biomarkers of NASH, including plasma cytokeratin 18 (CK18) 

M30 fragments and/or ALT levels (n=303), was assessed. Prevalence of hepatic steatosis by 

Controlled Attenuation Parameter (CAP) imaging was also evaluated in a subset of PCOS women 

(n=35). Results: The median cohort age (n=303) was 28 years (IQR 8), and 15.5% (n=47) were 

Hispanic, the majority of whom reported white race (94%). Most Hispanic women had hepatic 

steatosis on imaging, which was markedly higher than in non-Hispanics (83% vs 24%, p=0.005). 

Approximately 17% of PCOS women had elevated ALT or elevated CK18, which was more 

common in Hispanics than non-Hispanics, at 34% vs 14%, respectively, p=0.002. On univariate 

analysis, Hispanic ethnicity was associated with two-fold higher odds of NASH (OR 2.0, 95% CI 

1.0-3.9, p=0.038), and the association persisted after adjustment for HOMA-IR and waist 

circumference (AOR 3.1, 95% CI 1.1-8.9, p=0.034). Conclusion: NAFLD/NASH is an important 
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condition to be considered by PCOS providers and Hispanic women with PCOS are a particularly 

high-risk group that may warrant routine screening.
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Introduction

Polycystic Ovary Syndrome (PCOS) affects 10-15% of reproductive age women, and is 

marked by increased risk of obesity, dyslipidemia, and insulin resistance [1,2]. Between 

40-50% of PCOS women have hepatic steatosis on imaging [3,4], which may relate to their 

increased metabolic comorbidities. PCOS women without obesity or insulin resistance also 

have higher risk of NAFLD which may further relate to the role of elevated androgens on the 

development of hepatic steatosis [5]. Hepatic steatosis is part of the spectrum of non-

alcoholic fatty liver disease (NAFLD), which is the most common cause of liver disease in 

the United States (U.S.), affecting one third of Americans [6,7]. NAFLD is an umbrella term 

that includes nonalcoholic steatohepatitis (NASH), the more severe form of NAFLD 

characterized by hepatic inflammation and/or fibrosis [8,9]. NASH develops in 5-10% of 

those with hepatic steatosis, though due to the sheer number of affected individuals, NASH 

will soon be the leading cause of cirrhosis and liver cancer in the U.S. [10,11].

Though women with PCOS have increased risk of hepatic steatosis, it is not clear whether 

women with PCOS, and especially women with PCOS of Hispanic ethnicity are at increased 

risk of NASH. Hispanic ethnicity is associated with increased prevalence of hepatic steatosis 

[12–14], and a potentially higher risk of NASH [14]. Therefore Hispanic women with PCOS 

may represent an at-risk group for this condition. NAFLD in PCOS, and its potential long-

term morbidity and mortality remains under-recognized amongst reproductive health 

providers caring for this population [15]. As lifestyle and medical intervention can help to 

improve hepatic fibrosis [16,17], proper diagnosis and referral for treatment are of critical 

importance. The long-term health implications of NAFLD in PCOS may also extend beyond 

liver disease, as NAFLD is an independent risk factor for cardiovascular disease [18].

In the current study we aim to determine if ethnic differences in NAFLD/NASH are apparent 

in a population of women with PCOS. If ethnic differences in NASH are identified, these 

results could help to identify a subgroup of PCOS women at greatest risk for progressive 

liver disease, and support the need for NAFLD screening guidelines in women with PCOS. 

Moreover, these data may help with identifying those at greatest risk for long-term 

consequences of this disease, thereby helping to improve referral and subsequent treatment.

Methods

UCSF PCOS Cohort

This is a prospective cohort comprised of women ages 18-45 years seen in a tertiary-referral 

PCOS clinic at the University of California, San Francisco (UCSF). PCOS diagnosis is 

established by Rotterdam Criteria, defined as 2 of following 3 criteria:oligomennorhea, 
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hyperandrogenism, and polycystic ovaries [19]. Oligomenorrhea is defined as < 8 menstrual 

cycles per year, hyperandrogenemia is defined as either a Modfied Ferriman-Gallwey Score 

(MFG) score >8 [20], by dermatologist exam and/or serum androgen levels above the upper 

limit of normal on screening labs, and polycystic ovaries are defined as > 12 follicles per 

ovary or ovarian volume >10 cc on transvaginal ultrasound. Discontinuation of hormonal 

medications, including oral contraceptives and/or spironolactone at least one month prior to 

their screening visit is required. Alternative diagnoses, including late-onset congenital 

adrenal hyperplasia, hypothyroidism, hyperprolactinemia, and functional hypothalamic 

amenorrhea were excluded by clinical and laboratory evaluation. Participants undergo 

comprehensive serologic and anthropomorphic evaluation for metabolic disease, as well as 

banking of serum, for research purposes, at the time of initial enrollment. Further details 

regarding the UCSF PCOS Cohort methodology are published elsewhere [21]. Institutional 

review board approval was obtained for the UCSF PCOS Cohort and its associated bio-

repository, and informed consent from patients was obtained.

Study sample—The current study includes women enrolled in the UCSF PCOS Cohort 

between 2006-2015 with either available liver enzymes performed within 6 months of 

enrollment or available banked serum for cytokeratin 18 (CK18) M30 fragment 

measurements (n=303) (Figure 1). Women with heavy alcohol use defined as > 7 drinks per 

week at the time of study enrollment were excluded. No women in the cohort had known 

chronic viral hepatitis.

Predictor and outcome measures—The primary study predictor was self-reported 

Hispanic ethnicity, of any race. Race was defined as white, black (including mixed black 

races), Asian/Pacific Islander, and Native American. The primary study outcome was at least 

one elevated biomarker of NASH, including ALT > 40 U/L (approximately twice the upper 

limits of normal for women [22], and/or plasma cytokeratin 18 (CK18) M30 fragments > 

400 ng/dL, which reflects CK18 levels that correlate with biopsy-confirmed NASH [23]. 

CK18 is a filament protein that is released from dying hepatocytes, hence its use as a 

biomarker to distinguish between NASH and simple hepatic steatosis [24].

TE-CAP—During a one-year pilot ancillary study from 2014-2015 we also consecutively 

enrolled new participants of the UCSF PCOS Cohort (n=35) to undergo a transient-

elastrography (TE) with-controlled attenuation parameter (CAP) imaging study, for the 

evaluation of hepatic fibrosis and steatosis, respectively. TE-CAP (FibroScan®, Echosens, 

Paris, France) is a Food and Drug Administration (FDA)-approved, non-invasive method for 

evaluating hepatic fibrosis and steatosis that is validated in NAFLD [25]. Our secondary 

outcome was presence of steatosis by CAP defined as CAP score > 250 dB/m, given the 

high concordance of this threshold with biopsy-confirmed steatosis [26].

TE-CAP measurements were performed by a certified technician and values were considered 

“reliable” if the following criteria were met: (i) at least 10 valid test results obtained per 

device quality control; (ii) >60% success rate (i.e., number of valid tests divided by the 

number of total tests); (iii) the inter quartile range (IQR) of the last 10 valid test results was 

<30% of the median of last 10 test results.
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Covariates—Covariates included patient age, self-reported race, metabolic co-factors 

including fasting serum lipids, body mass index, waist circumference, homeostatic model 

assessment of insulin resistance (HOMA-IR), and androgen levels. HOMA-IR was 

calculated as fasting insulin (mIU/l)*glucose (mg/dl)/405. Free androgen index (FAI) was 

calculated as total testosterone (nmol/liter) × 100/SHBG (nmol/liter).

Laboratory Assays

The majority of serum measurements were obtained at commercial laboratories as dictated 

by patient insurance. For select tests with known variability between clinical labs, banked 

serum from time of cohort enrollment was sent to a central facility at the University of 

Virginia Center for Research and Reproduction Ligand Assay and Analysis Core Laboratory. 

These measures included total testosterone, high sensitivity C-reactive protein (hs-CRP), sex 

hormone binding globulin (SHBG), glucose and insulin. Total testosterone was measured by 

RIA (Siemens); assay sensitivity: 10 ng/dL; intra-assay coefficient of variation (CV): 5.0% 

and inter-assay CV: 8.2%. High sensitivity CRP was measured by chemiluminescent 

immunoassay (Immulite 2000, Siemens); assay sensitivity: 0.2 mg/L; intra-assay CV: 4.2% 

and inter-assay CV: 7.5%. Glucose was measured by glucose oxidation methodology 

(Analox); (intra and inter-assay CV <2%). Caspase-cleaved cytokeratin 18 (CK 18) was also 

measured from banked sera from initial cohort enrollment using an M30-apoptosense 

ELISA kit (#10011, Peviva, Sweden) per the manufacturer’s specifications (intra and inter-

assay CV <10%).

Statistical analysis—Participant characteristics were compared by ethnicity using chi-

squared and Mann-Whitney tests where appropriate. Logistic regression was used to 

evaluate the association of ethnicity with serum markers of NASH. Multivariate analyses 

were performed using backward elimination, and adjusted for covariates with p <0.05. 

Analyses were performed using STATA 12.1 (Stata Corp, College Station, TX).

Results

The median age of the cohort (n=303) was 28 years (IQR 8). Most women reported white 

race (72%), followed by Asian (18%), and black (8%). Approximately 15.5% (n=47) were 

Hispanic, the majority of whom were white (94%). Metabolic parameters were more severe 

in Hispanic than non-Hispanic women, including greater waist circumference (36 vs 32 

inches), triglycerides (103 vs 79 mg/dL), HOMA-IR (2.9 vs 1.8) and lower HDL (45 vs 57 

mg/d), all p values ≤ 0.005. Clinical hyperandrogenism as assessed by the MFG score was 

more common in Hispanics (89% vs 74%, p=0.03), though serum androgen levels were 

similar between groups (Table 1).

Approximately 17% of women had elevated ALT or elevated CK18, which was more 

common in Hispanics than non-Hispanics at 34% vs 14%, p=0.002 (Figure 2). Regarding 

individual values, Hispanic women were twice as likely to have ALT > 40 U/ml (22% vs 

11%, p=0.046). Likewise, CK18 levels were also higher in Hispanic than non-Hispanic 

women, with 27% of Hispanic women having levels compatible with NASH as compared to 

12% of non-Hispanic women, p=0.040. Importantly, the majority of Hispanic women had 

hepatic steatosis on imaging, which was markedly higher than non-Hispanics at 83% vs 
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23%, respectively, p=0.005 (Figure 3). Median liver stiffness was slightly higher in 

Hispanics (5.3 vs 4.2 kPA, p=0.099), although these values reflect minimal to no hepatic 

fibrosis for both groups.

Among the n=35 women in the TE-CAP sub-study, 5 were referred to hepatology for liver 

biopsy at the discretion of their reproductive endocrinologist. Biopsy was declined in one 

patient. Of the remaining 4, all had evidence of NASH, with stage 1/4 fibrosis in 3 patients 

and stage 2/4 in the fourth patient. Of those biopsied, two were Hispanic, one of whom had 

stage 2 fibrosis.

On univariate analysis Hispanic ethnicity was associated with a two-fold higher odds of 

elevated ALT or CK18 (OR 2.0, 95% CI 1.0-3.9, p=0.038). The strength of association 

increased further with adjustment for HOMA-IR and waist circumference (AOR 3.1, 95% 

CI 1.1-8.9, p=0.034) (Table 2).

Discussion

In an ethnically diverse cohort of women with PCOS, we found that Hispanics had a three-

fold higher odds of NASH as defined by elevated serum markers compared to non-Hispanics 

after adjustment for other metabolic factors. Moreover, hepatic steatosis assessed by CAP 

was present in over one third of all women with PCOS, while present in the majority of 

Hispanic women. Most metabolic comorbidities including anthropomorphic measures, 

dyslipidemia, and insulin resistance were also worse in Hispanics. Thus, Hispanic women 

with PCOS are uniquely at high-risk for metabolic disease, and this risk extends to their 

increased risk of liver disease.

The prevalence of NAFLD is known to be higher in women with PCOS as compared to the 

general U.S. population, with prior data showing between 40-50% of PCOS women having 

ultrasound-confirmed steatosis [3,4]. This likely relates to overlapping metabolic risk factors 

including increased obesity and insulin resistance in PCOS [1,3,4]. While the current study 

did not identify an association with elevated androgens and NAFLD, prior data in larger 

cohorts have shown testosterone levels to be independently associated with visceral 

adiposity and hepatic fat [5,27], suggesting another potential mechanism exposing women 

with PCOS to increased risk. Despite the high prevalence of NAFLD in PCOS, the 

association between these conditions remains under-recognized by those on the front-lines 

of PCOS care. Indeed, a recent study reported that over 70% of obstetrics and gynecology 

(ObGyn), and 31% of reproductive endocrinology and infertility (REI) practitioners, did not 

know of the association between NAFLD and PCOS [15]. Referral and subsequent treatment 

of this condition can help to reduce the long-term consequences of liver disease, therefore 

greater awareness is needed amongst primary PCOS providers.

While women with PCOS are known to have higher risk of steatosis than non-PCOS 

controls, it is less clear whether they have increased risk of NASH, which is the more severe 

manifestation of NAFLD. NASH represents a down-stream sequelae of steatosis and is 

characterized by liver cell death and inflammation with or without liver fibrosis. Importantly, 

NASH is predicted to soon be the leading cause of cirrhosis in the U.S., and leading 
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indication for liver transplantation [6,10,11]. Proper identification of patients at risk for 

NASH is therefore critical, as interventions that are employed in a timely fashion may 

prevent progressive scarring. A prior study found that 39% of women with PCOS compared 

to 3% of age- and BMI- matched non-PCOS controls had ALT levels ≥ 25 U/ml, suggestive 

of hepatic inflammation [4]. Only 4% of those PCOS women were Hispanic, with minimal 

available data on risk of NAFLD/NASH in PCOS women of Hispanic ethnicity. The plasma-

borne caspase-generated CK18 is a filament protein that is released from dying hepatocytes, 

therefore can help to distinguish simple steatosis from NASH [28], with elevated levels 

independently predictive of NASH [24,29]. In the current study ~12% of women had CK18 

levels compatible with the presence of NASH [23], though more than twice as many 

Hispanics (27%) reached these thresholds. Approximately 17% of our PCOS population had 

either elevated ALT and/or CK18, while more than a third of Hispanic women had these 

markers of NASH.

Lifestyle modification by way of diet and exercise is an integral part of NAFLD/NASH 

management [9]. Indeed loss of 7-10% of body weight has been shown to improve the 

amount of hepatic fat and result in regression of liver scarring [16,30]. For patients with 

biopsy-confirmed NASH, vitamin E has been shown to improve liver inflammation [31]. 

Though available FDA-approved medications for NASH are otherwise limited, there are 

burgeoning clinical trials underway in various stages of development, and promising 

treatments are anticipated to be on the market within the next few years [32]. Importantly, 

treatment for NASH is restricted to patients with biopsy-confirmed NASH [9], highlighting 

the importance of screening and early referral of high-risk patients.

The public health implications of NAFLD/NASH also extend beyond liver disease, as this 

condition is an independent risk factor for cardiovascular (CV) disease [18,33]. This 

association carries great importance in women with PCOS, in whom obesity, insulin 

resistance, and dyslipidemia are common [1]. Although controversial whether women with 

PCOS have increased risk for cardiovascular events [34,35], the potential added 

cardiovascular risk in women with PCOS and NAFLD warrants investigation. These 

findings are particularly pressing among Hispanic women with PCOS, given significantly 

greater metabolic comorbidities noted in the current study, including obesity, dyslipidemia, 

and insulin resistance. Moreover, many reproductive age women may only follow-up with 

general ObGyn providers, highlighting the need for greater awareness of prevalent general 

medical conditions in women with PCOS [15].

The clinical relevance of PCOS and NAFLD in Hispanics is also important given the 

growing number of Hispanic women in the U.S. According to the 2010 US Census Data, the 

Hispanic population grew by 43% between 2000-2010, or four times the growth in the total 

population [36]. By 2060, it is estimated that one in every three Americans will be Hispanic. 

The prevalence of hepatic steatosis is in non PCOS populations is also greater in Hispanics, 

with imaging-confirmed steatosis seen in 45% of Hispanic patients compared to 33% of 

non-Hispanics [37]. This disproportionate risk in part relates to genetic factors, including a 

higher prevalence of a polymorphism in the patinin-like phospholipase domain containing 3 

(PNPLA3) gene, that leads to impaired lipid metabolism [38,39]. While prior data on the 

association of Hispanic ethnicity with NASH are conflicting [12,14,40], the current study 
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highlights not only an extremely high prevalence of steatosis, but also higher prevalence of 

markers of NASH markers in Hispanic compared to non-Hispanic women with PCOS. 

Therefore in the context of PCOS, Hispanic ethnicity appears to accentuate this risk.

There are notable limitations of the current study. First, ALT and CK18 are imperfect 

markers of NASH, with ALT being normal in up to one third of individuals with NASH on 

biopsy [41]. However, ALT remains the first-line, non-invasive clinical test to assess 

forhepatic inflammation. CK18 is available only for research purposes, and has variable 

specificity for NASH depending on the cutoff employed [24], although the threshold used in 

the current study has been shown to correlate with histologically-confirmed disease [23]. We 

also lacked cross sectional imaging such as MRI, which has the highest sensitivity for 

detecting hepatic steatosis [42]. However, CAP is an FDA-approved ultrasound-based 

modality for characterizing the presence and severity of hepatic steatosis, and the threshold 

used to define steatosis has shown high correlation with histologically-confirmed steatosis 

[26]. In the current study there were too few women to evaluate ethnic differences in liver 

biopsy measures of NASH, however, existing data on biopsy-confirmed NASH in PCOS are 

currently quite limited. One series of 6 PCOS women confirmed the presence of NASH with 

fibrosis in all cases [43]. Though small in number, our data add to prior reports, as all 

biopsied women in the current study also had histologically-confirmed NASH, with 

evidence of early stage fibrosis. It is also important to note the young age of PCOS women 

presenting with existing fibrosis, who may have a head start in the development of 

progressive liver scarring.

Conclusion

In summary, Hispanic women with PCOS are a distinct high-risk group for metabolic 

disease including NAFLD/NASH. It is established that lifestyle modifications, as well as 

medical therapy in those with biopsy-confirmed NASH, can reduce NASH-associated 

morbidity and mortality, including reversal of fibrosis. Therefore increased awareness of 

NAFLD/NASH in PCOS, particularly among Hispanic women, may help to improve early 

diagnosis and treatment, prior to the development of long term cardiovascular and hepatic 

complications.
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Figure 1. 
Study Definitions. NAFLD includes a spectrum of liver disease from simple steatosis, in one 

third of Americans, to nonalcoholic steatohepatitis (NASH) developing in up to 10% of 

patients with simple steatosis. In the current study, steatosis is defined as controlled 

attenuation parameter (CAP)>250 dB/m, and NASH defined as CK18>400 ng/dL and/or 

ALT>40 U/ml.
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Figure 2. 
Prevalence of elevated NASH markers, by Hispanic ethnicity (n=303), defined as CK18>400 

ng/dL and/or ALT>40 U/ml.
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Figure 3. 
Prevalence of hepatic steatosis by Hispanic ethnicity (n=35), defined as controlled 

attenuation parameter (CAP)>250 dB/m.
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Table 2

Univariate and Multivariate Associations with NASH.

Univariate Multivariate*

Covariate OR (95% CI) p value OR (95% CI) p value

Hispanic ethnicity 2.00 (1.0-3.9) 0.038 3.10 (1.1-9.0) 0.034

White vs non white race 1.23 (0.76-2.0) 0.395 ----- -----

Age (per year) 1.02 (0.99-1.05) 0.235 ----- -----

Acanthosis 1.06 (0.67-1.68) 0.810 ----- -----

BMI (per 5 kg/m2) 1.28 (1.10-1.49) 0.001 ----- -----

Waist circumference (per inch) 1.06 (1.02-1.10) 0.002 0.95 (0.87-1.03) 0.255

LDL (per 10 mg/dL) 1.02 (0.94-1.10) 0.642 ----- -----

HDL (per 5 mg/dL) 0.91 (0.84-0.98) 0.011 ----- -----

Triglycerides (per 20 mg/dL) 1.09 (1.0-1.17) 0.027 ----- -----

HOMA-IR (per unit) 1.30 (1.13-1.50) <0.001 1.40 (1.12-1.76) 0.004

Hirsutism 0.85 (0.54-1.33) 0.475 ----- -----

Total testosterone (per ng/dL) 1.0 (1.0-1.0) 0.285 ----- -----

Free androgen index (FAI) 1.0 (1.0-1.0) 0.624 ----- -----

*
Waist circumference maintained in final model given established association with NASH
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