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Abstract
Purpose of review In this review article, we evaluate sex differences in the natural history of NAFLD and highlight distinct risk
profiles of women with NAFLD, as well as unique treatment considerations and research gaps.
Summary of Findings Reproductive factors, such as menopausal status, should be considered when evaluating NAFLD risk in
women, as well as additional reproductive risk factors such as age at menarche, presence of polycystic ovary syndrome, and
gestational diabetes. Women do appear to have lower risk for hepatocellular carcinoma from NASH, as well as lower mortality
from NASH cirrhosis than men, although among women, NASH is now the leading indication for liver transplant. Data on sex
differences in biomarker development and clinical trials are lacking, and researchers should be encouraged to evaluate biomarker
performance by sex, and specifically report clinical trial endpoints in women.
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NAFLD Epidemiology

Nonalcoholic fatty liver (NAFLD) is the most common cause
of chronic liver disease in the USA and now a leading cause of
cirrhosis, liver cancer, and need for liver transplantation [1–3].
The public health implications of this condition are thus vast.
Like other forms of chronic liver disease, there are distinct sex
differences in the epidemiology and natural history of
NAFLD, as well as unique clinical considerations when caring
for the rising number of women with NAFLD.

While the global prevalence of NAFLD is ~ 25% [1],
most studies report a higher prevalence of imaging-
confirmed NAFLD in men [4]. Interestingly, there may

be a contribution of race/ethnicity to these estimates, as
sex differences are most notable among individuals of
white race, with more similar NAFLD prevalence report-
ed in men and women of black race and Hispanic ethnic-
ity [5]. There is also a growing awareness of the effect of
menopausal status on NAFLD prevalence, which is not
routinely reported in clinical studies. In one study from
Hong Kong, the prevalence of NAFLD identified on mag-
netic resonance spectroscopy (MRS) was 37% in men and
23% in women, though starting at age 50 years, NAFLD
prevalence continued to increase in women, in contrast to
stable estimates in men [6]. When adjusted for age and
metabolic risk factors in that study, male sex was not
associated with NAFLD. Similarly, in a large study from
Asia, the prevalence of ultrasound-diagnosed NAFLD
was higher in men when dichotomized by age less than
50 years; however, estimates reversed after age 50, with
NAFLD detected in 28% of women and 21% of men in
the older group (p < 0.05) [7]. These data are consistent
with another age-stratified study from China including
over 25,000 patients which noted similar NAFLD esti-
mates in men and women over the age of 60 years [8].

Data on NAFLD incidence are heterogeneous, though
with adjustment for age and metabolic risk factors, most
estimates appear similar in men and women [9–12]. A
recent community-based cohort from the USA evaluated
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NAFLD incidence over a 20-year follow-up and found the
magnitude and pattern of rise in NAFLD incidence to be
similar in men (49/100,000 person years to 317/100,000
person years) and women (72/100,000 person years to
341/100,000 person years) [13]. Another US study using
the Framingham Cohort accounted for menopausal status
and found that NAFLD incidence was similar in men and
postmenopausal women, and lowest among premenopaus-
al women [14]. These data mirror results from a Japanese
study which found NAFLD incidence to be twice as high
in menopausal as compared to premenopausal women
[15]. Taken together, these data support efforts to consider
both chronologic and reproductive aging when evaluating
NAFLD risk in women (Table 1).

NASH and NASH Fibrosis in Women

NAFLD prevalence appears to be overall greater in men,
although most studies [16–19], though not all [20, 21],
demonstrate an increased association of female sex with
biopsy-confirmed NASH, as well as more severe NASH
fibrosis in women. In a study from the NASH CRN in-
cluding 1266 participants, the presence of definitive
NASH on liver biopsy was similar (30% men, 33% wom-
en) with a slightly higher proportion of women having
advanced fibrosis (12% men vs 15% women) [22]. In a
subsequent study from the NASH CRN, the authors ad-
justed for demographic and metabolic co-factors, and then
found female sex to be associated with a nearly 2-fold
higher odds of having NASH, as well as more than 1.5-
fold higher odds of advanced fibrosis [17].

Liver-Related Outcomes in NAFLD

Among individuals with advanced disease, there are limited
data describing the natural history of liver-related events by
sex. In a large multi-national study of patients with at least
bridging NASH fibrosis, female sex was associated with
lower risk of death or need for transplant, after adjusting for
metabolic cofactors and markers of liver disease severity
[23]. Consistent with general data on hepatocellular carcino-
ma [24], there is also a lower risk of hepatocellular carcinoma
in women than men with advanced NASH fibrosis [23, 25].
Interestingly, a study from Japan found that male patients
developedHCC fromNASH at less-advanced stage of fibro-
sis than female patients, and the prevalence of cirrhosis in
patientswithHCCwas significantly lower inmen thanwom-
en (39% vs 70%) [26]. Survival in patients with HCC is
greater in women and men [27], and data from NAFLD-
HCCsuggests thatwomenaremore likely to undergo screen-
ing and present with smaller tumors [28].While overall mor-
tality and HCC risk is lower in women with NAFLD, there
remains a high risk for liver-related complications inwomen,
including need for liver transplant. A recent US study using
the United Network of Organ Sharing (UNOS) database
foundNASH to now be the leading indication for liver trans-
plantation among women, and second leading indication in
men [3]. This study also found a marked rise in female reg-
istrants with NASH-HCC on the waitlist from 2004 to 2016
[3]. The development of de novo or recurrent NAFLD after
liver transplant is also a growing problem, which is closely
tied to post transplant metabolic syndrome. Interestingly,
recurrent NAFLD after transplant appears to disproportion-
ately affect women [29], which may have long-term impli-
cations for patient and graft survival [29, 30].

Table 1 Unique considerations in
women with NAFLD NAFLD

characteristic
Women vs men Comments

NAFLD
prevalence

Overall M > W - Lowest prevalence in premenopausal women

- Prevalence similar in men and postmenopausal

NASH and
fibrosis

W > M Greater risk of NASH and advanced fibrosis observed in most
studies

Biomarker
performance

??? Research needs:

- Evaluation of biomarker performance and development in
women

Liver-related
complications

Mortality: M > W

HCC: M > W

LT for NASH: M >W

- Among women, NAFLD is now the #1 indication for liver
transplant

- Rising number of women being listed for transplant for HCC
due to NASH

Response to
NAFLD
treatment

??? Research needs:

- Whether differential response to NAFLD treatment by sex

- Considering unique hormonal targets for NAFLD in women
(i.e., estrogen replacement, anti-androgen therapy)
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Risk Factors for NAFLD/NASH in Women (Fig.
1)

Menopausal Status While older age is an established risk factor
for NAFLD inmen andwomen,menopausal status does appear to
promote NAFLD, independent of chronologic aging [31–33]. The
menopausal transition is associated with decreased energy expen-
diture and increase in visceral adiposity [34]—the latter being a
key risk factor for insulin resistance andNAFLD. Even in younger
women, earlier onset of menopause confers a higher risk NAFLD.
In a large case control study from Europe, oophorectomy prior to
age 50 years was associated with a 50% increased risk of NAFLD
[35]. A study including 488 postmenopausal women with
NAFLD also found that premature menopause and time since
menopause were associated with risk for histologically-confirmed
NASH, independent of age, race, and metabolic cofactors [36].

Beyond the protective metabolic effects of estrogen, there
may also be more direct antifibrotic effects of estrogen.
Hepatic stellate cells (HSCs) are the primary cells involved
in hepatic fibrogenesis, and incubation of HSCs from rats with
estradiol has been shown to reduce collagen production, a key
component of scar tissue [37]. Oopherectomy in that study
resulted in worsening fibrosis in animal models, which subse-
quently improved upon estrogen replacement [37]. In another
animal study of HSCs, estrogen replacement resulted in re-
duced reactive oxygen species, decreased transforming
growth factor-beta1 expression, and decreased activation of
mitogen-activated protein kinase pathways, features of hepatic
inflammation and fibrosis [38]. These mechanistic findings
are supported by clinical studies, as earlier age at menopause
as well as longer duration of estrogen deficiency are associat-
ed with more severe liver fibrosis in women [36]. Likewise, in
one study that did show a higher prevalence of hepatic fibrosis
in men with NASH, findings dissipated when fibrosis severity
was compared between men and postmenopausal women
[39].

Body Composition The primary drivers of NAFLD in men and
women include components of the metabolic syndrome, such as
insulin resistance/diabetes, dyslipidemia, and obesity, although
the relative contribution of fat distribution in particular may differ
by sex. Consistent with the increased risk of NAFLD after men-
opause, the risk of NASH fibrosis associated with differential fat
distribution inmen, premenopausal, and postmenopausal women
have been observed. Data from the NASH CRN found that after
adjusting for energy balance, postmenopausal women who pref-
erentially stored fat in peripheral adipose depots, with smaller
abdominal girths, were less likely to have severe hepatic fibrosis,
similar to findings in men. In contrast, among premenopausal
women, larger peripheral fat stores over increased abdominal
girth was associated with fibrosis severity [40]. In a more recent
study evaluating body composition and NAFLD risk, imaging
quantified fat and muscle stores were compared between men
and women. Central adiposity was associated with prevalent
NAFLD in men and women, although only in men was central
adiposity associated with noninvasive measurements of hepatic
fibrosis [41]. A recent study in Chinese patients evaluated skel-
etal muscle to visceral fat ratios (SVRs) and found that after
adjusting for metabolic comorbidities, lower SVR was only as-
sociated with NAFLD risk in women, which the authors postu-
lated could relate to greater functional impairment in women,
leading to NAFLD as a manifestation of sarcopenic obesity
[42]. Thus, body compensationmay contribute to differential risk
for hepatic steatosis and fibrosis in men and women.

Age at Menarche Over the past 30 years, there has been a
decreasing median age at menarche, which is closely tied
to increasing rates of obesity in children and adolescents
[43]. The exact mechanisms responsible for this phenom-
enon have not been fully elucidated although longitudinal
data support the theory that obesity often precedes menar-
che [44, 45]. Leptin, a key cell signaling hormone involved
in regulation of appetite, is also higher in obese girls, and a

IIndependent of Sex

NAFLD Risk Factors 
in Women

Unique To Women

- Diabetes

- Obesity

- Dyslipidemia

- Family History

- Earlier age at menarche 

- Polycys�c Ovary Syndrome

- Gesta�onal diabetes

- Menopause

Fig. 1 NAFLD risk factors in
women

Curr Hepatology Rep (2019) 18:425–432 427



threshold level appears necessary for onset of regular men-
ses [43, 46]. Data linking obesity and menarche are con-
sistent with findings from studies in NAFLD, in which
earlier age at menarche is associated with increased risk
of NAFLD in adult women [47–49]. Importantly, weight
gain and/or BMI have been identified as important media-
tors of this relationship, supporting at least a partially caus-
ative role of obesity in the pathway from earlier onset
menarche and NAFLD in women.

PCOS Polycystic ovary syndrome (PCOS) is the most com-
mon endocrinopathy in premenopausal women and is
marked by irregular menses with the majority of these
women also have elevated androgens. PCOS is a recog-
nized at-risk group for NAFLD [50, 51], with 40–55% of
women with PCOS having imaging-confirmed disease
[52]. Recent data in reproductive-aged women with biop-
sy-confirmed NAFLD also show an increased risk of
NASH fibrosis in women with PCOS, independent of age
and BMI [53]. The risk of NAFLD/NASH in PCOS likely
relates to their high prevalence of metabolic comorbidities.
Moreover, higher testosterone levels are also associated
with prevalent NAFLD in women, independent of compre-
hensive metabolic cofactors [54]. A case control study of
women with hyperandrogenic PCOS and the less common
PCOS phenotype without high androgens found
hyperandrogenic PCOS to be associated with MR-
quantified hepatic steatosis, independent of visceral adi-
posity and insulin resistance [55]. Thus, PCOS does appear
to increase risk for both NAFLD, as well as more histolog-
ically significant disease in these young women. Screening
recommendations for NAFLD in PCOS have not yet been
established, though it is reasonable to consider screening
liver tests in women with PCOS, and consideration of ul-
trasound assessment for NAFLD in those with concomitant
high-risk metabolic features, such as type 2 diabetes.

GDM There has been a rise in the prevalence of gestational
diabetes in US women over the past 30 years [56], thought
to relate to the growing number of pregnancies in over-
weight and obese women [56]. Data from the Coronary
Artery Risk Development in Young Adults (CARDIA) co-
hort have shown gestational diabetes (GDM) to be associ-
ated with risk of prevalent NAFLD in women during mid-
life, independent of other metabolic covariates [57].
Interestingly, duration of breastfeeding has been shown to
lower the risk of developing type 2 diabetes in women with
GDM [58]. Likewise, another study from the CARDIA
cohort also found that longer duration of breastfeeding
was protective against prevalent NAFLD in women during
midlife [59•]. Thus, while GDM appears to increase
NAFLD risk, breastfeeding may offer a unique modifiable
intervention for young women at risk for NAFLD.

Serum Biomarkers of NAFLD/NASH

While liver biopsy is considered the most definitive test for
identifying NASH, efforts to avoid invasive testing have re-
sulted in emerging biomarkers with reasonable accuracy for
detecting NAFLD and associated fibrosis [60]. However,
there is variability regarding inclusion of sex as a component
of various scoring systems. For the diagnosis of NAFLD, the
Hepatic Steatosis index [61] and SteatoTest (proprietary) [62]
have area under the received operator curves (AUROCs) of ~
0.79–0.81 and either include sex [61] or provide sex-adjusted
risk [62]. The Fatty Liver Index [63], NAFLD liver fat score
[64], and NAFLD ridge score [65] (AUROCs of 0.84–0.87)
do not incorporate sex as a component of their algorithms.
NASH biomarkers have had less success, with markers of
apoptosis, adipokines, and hepatic inflammation having lim-
ited accuracy and/or lack of validation for diagnostic pur-
poses, and have not been separately evaluated in men and
women [60]. One scoring system, called the NASH
Diagnostics Panel (AUROC of 0.81) does include sex as a
component althoughwas primarily developed in bariatric pop-
ulations and warrants validation in non-bariatric patients [66].
Markers of hepatic fibrosis are more commonly used in clin-
ical practice and include measures such as APRI, Fibrosis-4
index, NAFLD fibrosis score, AST/ALT ratio, and BARD
[60]. These tests have AUROCS ranging from 0.6 to 0.82 to
detect advanced fibrosis and include components that are
readily available from clinical data, although none include
sex. Whether biomarkers of NAFLD, NASH, or fibrosis per-
form differently in men and women has not been evaluated
and represents an important area of research. As biomarker
development remains an active area of NAFLD research, in-
vestigators should be encouraged to evaluate and report per-
formance characteristics by sex.

A few studies have specifically evaluated NAFLD bio-
markers within female cohorts. In a cross-sectional study from
China, an iron/ferritin ratio was evaluated as measure of die-
tary patterns in women, given its prior association with central
adiposity. This ratio was used to reflect higher meat and fruit
consumption, and lower refined carbohydrates. A higher
iron/ferritin ratio was predictive of more muscle mass, less
visceral adiposity, and severe hepatic steatosis in younger,
but not in middle-aged women, which the authors postulated
could relate to increased central obesity with aging and its
associated alteration of iron levels [67]. Another recent study
evaluated the association of two proteins as biomarkers of
NAFLD—the retinol binding protein 4 which has been stud-
ied as a biomarker of obesity and insulin resistance as well as
galectin-3 binding protein which has been implicated in sys-
temic inflammation and immune response. Both proteins were
found to be upregulated in postmenopausal women with
NAFLD as compared to those without NAFLD, suggesting
their potential role as a NAFLD biomarker within
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postmenopausal populations [68]. Another study evaluated
the performance of alpha-ketoglutarate, a metabolite involved
in regulating energy homeostasis, to predict NAFLD in mor-
bidly obese women. While this marker could not distinguish
between simple steatosis and NASH, it has an AUROC for
detecting steatosis of 0.76 in morbidly obese women, which
improved to an AUROC of 0.89 with additional inclusion of
AST and ALT [69].

Unique Treatment Considerations

Given their distinct hormonal profiles, drugs targeting sex hor-
mones could potentially offer unique treatment targets in women
inNAFLD. For example, data supporting the benefits of estrogen
on metabolic health and liver fibrosis do raise the question of
estrogen modulation as a novel treatment modality for NAFLD
in women. A randomized controlled trial of HRT in women with
diabetes and presumed NAFLD showed improvement in elevat-
ed liver enzymes among HRT users, supporting the potential
protective effects of exogenous estrogen on hepatic inflammation
[70]. The past 40 years have beenmarked by controversy regard-
ing HRT safety in postmenopausal women [71]. A sentinel pub-
lication from the Women’s Health Initiative included primarily
women over age 60 years and reported increased risk of coronary
artery disease and breast cancer risk in HRTusers [72]. However,
additional studies as well as subsequent age-stratified analyses
from the WHI have not identified such increased risk in the
younger age group between 50-59 years, and even found poten-
tial protective effects of HRT in this age strata on risk of heart
disease and mortality [71, 73, 74]. Thus, recommendations for
HRT for treatment of menopausal symptoms now embrace a
more individualized approach that considers each woman’s
risk-benefit ratio [71]. Thus, there may now be an opportunity
to further evaluate the potential benefits of estrogen replacement
on liver health.Whether shorter duration of HRTmay offer more
sustained effects on NAFLD in postmenopausal women also
warrants exploration.

Testosterone appears to have a sexually dimorphic association
with NAFLD in men in women, with higher levels increasing
NAFLD risk in women while testosterone deficiency appears to
be associated with risk of NAFLD [75] and histologically-con-
firmed NASH in men [76]. Among women, the association of
testosterone with NAFLD is seen across baseline levels, includ-
ing in women without “excess” or high androgen levels [54].
Visceral adiposity, and to a lesser degree, hypertriglyceridemia,
were found to be significantmediators of the association between
testosterone and NAFLD, suggesting a particularly important
role of VAT in this relationship. These findings are consistent
with data from the Study of Women's Health Across the Nation
(SWAN) cohort showing bioavailable testosterone to increase
risk for visceral adiposity in women across the menopausal tran-
sition, and thus its important role in regional fat distribution [77].

Likewise, a randomized controlled trial in postmenopausal wom-
en without known liver disease found a significant increase in
VAT among exogenous testosterone users [78]. Thus, targeting
testosterone could potentially provide another novel hormonal
target for NAFLD in women. Spironolactone, a commonly used
diuretic, is also a competitive antagonist of testosterone receptors
and used to treat symptoms of high testosterone such as hirsutism
in women [79]. In mouse models of NAFLD, spironolactone
improves hepatic triglycerides, serum lipid levels, as well as
NASH histology [80]. Spironolactone also induces hepatocyte
expression of lipogenic enzymes, supporting a potential direct
role of testosterone receptors within hepatocytes on worsening
lipid metabolism [80]. In a study of women with PCOS without
known NAFLD, 12 months of spironolactone improved insulin
resistance and serum lipid profiles [81].Given its specific
antitestosterone effects, spironolactone is being studied as a po-
tential therapeutic option for women with NASH [82].

In existing NAFLD clinical trials, differential treatment re-
sponse by sex remains largely unexplored, as few studies have
evaluated differences in study outcomes in women andmen. In a
randomized controlled trial of vitamin D supplementation for
NAFLD, vitamin D was only found to lower malondialdehyde,
a serum marker of oxidative stress, but not alter cholesterol mea-
sures or other inflammatory markers [83]. In a post hoc analysis,
the authors then evaluated sex differences in study endpoints and
found that vitamin D lowered C-reactive protein as well as low
density lipoprotein in women with NAFLD, but not in men,
supporting additional beneficial effects of vitamin D in women
with NAFLD that would not have been identified without spe-
cific assessment by sex [84]. Within the cardiovascular and dia-
betes literature there are well described sex differences in re-
sponse to drug therapy, as well as differences in target drug doses
and side effect profiles. These findings span a range of pharma-
cotherapies including medications for dyslipidemia, obesity, and
glucose control [85, 86]. Such differences may relate to distinct
drug absorption, distribution, and drug metabolism in women.
Given overlapping pathophysiology of cardiometabolic treat-
ments and NAFLD, it stands to reason that differential response
to NAFLD therapies may too be observed, and clinical trials
should be encouraged to evaluate and report sex-specific
outcomes.

Lifestyle interventions, including dietary modification and ex-
ercise, remain the cornerstone of NAFLD treatment, and such
interventionsmay differ by sex. A sentinel study byVilar-Gomez
and colleagues evaluated change in NASH histology on paired
biopsies in response toweight loss following a 12-month lifestyle
intervention. Among individuals losing 7–10% of body weight,
female sex was associated with lower probability of NASH im-
provement or resolution, although most patients, independent of
sex, achieved these endpointswith at least 10% total bodyweight
loss [87]. These data suggest potential need for greater weight
loss targets in women, although how results may differ by men-
opausal status is not known. Regarding diet, there has been
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debate regarding the direct effects of fructose on NAFLD risk,
though diets high in fructose do contribute to excess calories. In a
small study of healthy young men and women with short-term
high fructose intake, endogenous glucose production, alanine
aminotransferase levels, and fasting insulin increased in men,
but was not significantly altered in female participants [88].
Several large, population-based studies have also reported differ-
ential dietary patterns in men and women, with greater fruit and
vegetable consumption, lower meat consumption, though more
added sugars in diets of women [89, 90]. However, a study
specifically evaluating dietary patterns and NAFLD in men and
women identified increased risk with soda and meat consump-
tion, regardless of sex [91].

Conclusions

There are distinct sex differences in the epidemiology and
natural history of NAFLD. While men overall have a higher
prevalence of NAFLD, when considering menopausal status,
NAFLD prevalence appears more similar between men and
postmenopausal women. Many studies also note higher risk
for NASH and advanced fibrosis in women. Among women,
NAFLD is now the leading indication for liver transplant. The
management of women with NAFLD should also consider
their unique risk profiles, including hormonal milieu and re-
productive factors. Data on biomarker performance by sex are
needed, such that prediction models specifically evaluate per-
formance in women. Moreover, clinical trials should be en-
couraged to evaluate and report study endpoints in female
participants, and also consider therapeutic targets that unique-
ly contribute to NAFLD progression in women.
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