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Abstract Increasing evidence suggests that non-alcoholic

fatty liver disease (NAFLD) and polycystic ovary syn-

drome (PCOS) are associated with obesity, insulin resis-

tance, metabolic syndrome, cardiovascular disease,

cirrhosis, and liver tumors. On these grounds, we have

hypothesized that NAFLD and PCOS occur more fre-

quently than expected by chance alone. We have tested this

hypothesis by reviewing the clinical and biological evi-

dence that supports a significant association between

NAFLD and PCOS. PubMed was extensively searched for

articles published through March 2015 using the keywords

‘‘nonalcoholic fatty liver disease’’ or ‘‘fatty liver’’ com-

bined with ‘‘PCOS.’’ Several cross-sectional and case–

control studies have consistently demonstrated that the

prevalence of NAFLD is remarkably increased in young

women with PCOS, independent of overweight/obesity and

other coexisting metabolic syndrome features, and that

these women are more likely to have the more severe forms

of NAFLD (non-alcoholic steatohepatitis, advanced fibro-

sis, and cirrhosis). Accumulating evidence suggests that

NAFLD, especially its necro-inflammatory form, may

exacerbate hepatic and systemic insulin resistance and re-

leases multiple pro-inflammatory, pro-coagulant, and pro-

fibrogenic mediators that may play important roles in the

pathophysiology of PCOS. These findings call for more

active and systematic search for NAFLD among women

with PCOS. Conversely, gastroenterologists/hepatologists

need to be aware of the presence of PCOS among female

patients with NAFLD and compatible clinical features.

Finally, all these patients should undergo regular follow-up

not only for liver-related complications but also for cardio-

metabolic diseases.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinic-

pathologic entity spanning from simple steatosis to non-

alcoholic steatohepatitis (NASH) with or without cirrhosis,

which may progress to liver failure and, in some cases, to

hepatocellular carcinoma [1, 2]. NAFLD is the most

common cause of chronic liver disease worldwide and is

strongly associated with features of the metabolic syn-

drome (MetS), hemostatic abnormalities, and increased

cardiovascular risk [3–6]. In the past, NAFLD was deemed

to be simply the ‘‘hepatic manifestation’’ of the MetS.

However, it is now becoming clear that NAFLD is also a

pathogenic determinant of the MetS. With regard to this

evolving concept, there is a growing body of evidence

strongly supporting the notion that NAFLD precedes the

development of the MetS [2, 7]. This implies that the

resolution of NAFLD will prevent the development of the

MetS and its cardiovascular consequences. Moreover,
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NAFLD occurs more frequently in men than in women and

is associated with various endocrine and metabolic diseases

[8–11], including polycystic ovary syndrome (PCOS).

PCOS, which affects up to 10 % of women of repro-

ductive age, is the most common form of anovulatory in-

fertility and is associated with ovarian cysts, hirsutism,

MetS, and hemostatic abnormalities [12]. Of concern, the

epidemiological studies that have suggested an increased

risk of NAFLD, liver tumors, and cardio-metabolic dis-

eases among young women with PCOS [13–15] raise the

possibility that the association between PCOS and NAFLD

is not likely to be due to chance alone because, in the

absence of PCOS, young women are usually spared by the

above-mentioned pathologic conditions, except for some

types of benign liver tumors [8, 16–19].

In this review, we discuss the current clinical evidence

that supports a significant association between NAFLD and

PCOS and the putative biological mechanisms underlying

this association. We also briefly discuss the epidemiology,

diagnosis, and treatment of NAFLD.

Pertinent studies were identified by searching PubMed

for original articles published in English through March

2015 using the keywords ‘‘NAFLD’’ or ‘‘fatty liver’’

combined with ‘‘polycystic ovary syndrome’’ or ‘‘PCOS.’’

Articles published in languages other than English were

excluded. We only included articles in which NAFLD was

diagnosed by radiological imaging or histology.

Diagnosis, epidemiology, and treatment of NAFLD

NAFLD is histologically defined by the presence of C5 %

hepatic steatosis. The characteristic histology of NAFLD

resembles that of alcohol-induced liver injury but occurs in

people who do not drink or consume only a small amount

of alcohol (i.e.,\20 g/day for women and\30 g/day for

men, respectively) and who do not have other secondary

causes of chronic liver disease (e.g., virus, autoimmunity,

hemochromatosis, drugs) [1, 2].

NAFLD has reached epidemic proportions and is the

most common cause of chronic liver disease in many parts

of the world. NAFLD is predicted to become also the most

frequent indication for liver transplantation within the next

decade. Approximately, 20–30 % of adults in the general

population in Western countries have NAFLD, and its

prevalence increases to 70–90 % among persons who are

obese or have diabetes. Major risk factors for the devel-

opment and progression of NAFLD include older age, male

sex, ethnicity, some genetic polymorphisms, MetS, obesity,

and type 2 diabetes [1–3, 6, 7].

NAFLD is typically asymptomatic. Hepatomegaly may

be the only physical finding in most patients. The presence

of mildly to moderately elevated serum aminotransferases

are the most common and often the only laboratory

abnormality found in NAFLD patients. However, serum

aminotransferase levels are in the normal range in most

cases and thus are insensitive markers for the detection of

NAFLD [2, 20].

At present, liver biopsy is the gold standard investiga-

tion for diagnosing and assessing the severity of disease

progression in NAFLD. However, this is an invasive and

not invariably safe procedure. Moreover, sampling vari-

ability and incomplete reproducibility in the interpretation

of histological findings are major issues with liver biopsy

[2, 20]. Ultrasonography remains the recommended first-

line imaging modality for diagnosing hepatic steatosis in

clinical practice. It provides a subjective and qualitative

assessment of hepatic fat content, generally believed to be

of limited sensitivity (60–90 %) if\30 % of hepatocytes

are steatotic. By contrast, magnetic resonance imaging and

proton magnetic resonance spectroscopy are the best

available diagnostic techniques for assessing quantitatively

the severity of liver fat accumulation. However, both

techniques are resource intensive and cannot reliably dis-

criminate simple steatosis from NASH [1, 2, 20]. Over the

last decade, researchers have attempted to develop accurate

and reproducible simple tests for diagnosing and monitor-

ing NAFLD, in order to replace the need for liver biopsy or

other imaging modalities for detecting liver fat. There are

now a few histologically validated algorithmically derived

hepatic fibrosis scores (e.g., the NAFLD fibrosis score and

the Fib4 score) as well as the liver stiffness measurement

by transient elastography for diagnosing hepatic fibrosis in

NAFLD [1, 2, 20]. However, further work is needed to

examine whether these non-invasive methods are able to

replace liver biopsy for diagnosing and monitoring pro-

gression (or resolution) of the different stages of NAFLD.

Detailed discussion of the interventions that have been

tested for NAFLD is beyond the scope of this review and

have been discussed elsewhere [1–6, 20]. Presently, there is

no licensed treatment for NAFLD. Current recommenda-

tions for NAFLD/NASH therapy are limited to weight re-

duction through diet and physical exercise (a 5–10 %

weight loss reduces hepatic steatosis, whereas up to a 10 %

weight loss is needed to improve hepatic necro-inflamma-

tion) and the treatment of individual components of the

MetS, possibly with the use of therapies that may have

potential beneficial liver effects, including bariatric surgery

for severe obesity, insulin-sensitizing agents for type 2

diabetes (especially pioglitazone), and drugs directed at the

renin–angiotensin–aldosterone system to control hyper-

tension [1–6, 20]. Metformin has beneficial effects on

serum aminotransferases and hepatic insulin resistance but

has no effect on liver histology and is not recommended as

a specific treatment for liver disease in patients with

NAFLD/NASH. Pioglitazone is the most effective drug in

patients with histologically proven NASH in the short term.
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However, its long-term cardiovascular and non-cardiovas-

cular adverse effects are a serious concern. Preliminary

evidence suggests some benefit of vitamin E, obeticholic

acid, high-dose omega-3 fatty acids, and other hepato-

protectants, but to date, there are insufficient data to ad-

vocate the use of any of these agents in patients with non-

cirrhotic NAFLD [1–6, 20]. Future therapeutic research in

NAFLD/NASH should focus on exploring innovative

molecules that have better efficacy and a better safety

profile.

Epidemiological evidence linking NAFLD to PCOS

PCOS is a common endocrine disorder of premenopausal

women, characterized by chronic anovulation, polycystic

ovaries, and hyperandrogenism, along with obesity and

insulin resistance as frequent metabolic disorders [21].

Table 1 summarizes the principal cross-sectional and

case–control studies that have assessed the relationship

between PCOS and NAFLD [22–38]. In most of these

studies, PCOS was diagnosed using the Rotterdam criteria,

except for two studies, which used the National Institutes

of Health criteria [22, 23].

Over a dozen studies showed that the prevalence of

NAFLD is increased in young women with PCOS [22–28,

30–34, 36–38], independent of coexisting MetS features.

Overall, the prevalence of NAFLD in women with PCOS

ranged from approximately 35 to 70 % compared with

approximately 20 to 30 % in healthy controls, who were

matched for age, BMI, and waist circumference. Only two

small case–control studies did not reveal any significant

differences in NAFLD prevalence between PCOS women

and healthy controls [29, 35].

Two studies performed at tertiary gastroenterology

centres demonstrated that PCOS is also a very common

condition among patients with biopsy-confirmed NAFLD

[27, 30]. Among these patients, the prevalence of PCOS

ranged from approximately 50 to 70 %, and these women

were also more likely to develop the more severe forms of

NAFLD. With regard to the relationship between PCOS

and the severity of NAFLD histology, it is important to

note that Setji et al. [22] were first in documenting a his-

tological evidence of NASH with varying degrees of fi-

brosis among young women with PCOS in a retrospective

chart review study. Some case reports [15, 39] have also

revealed that PCOS (especially if associated with severe

hyperandrogenism) is associated with an increased risk of

inflammatory hepatocellular adenoma, which is a potential

precursor of non-cirrhotic hepatocellular carcinoma [40].

As shown in Table 1, most published studies have

clearly demonstrated that PCOS women with NAFLD had

a greater insulin resistance and a higher prevalence of the

MetS (and its individual traits) compared with their

counterparts without NAFLD; however, no significant

differences were found in circulating levels of total

testosterone and dehydroepiandrosterone sulfate (DHEAS)

between the two groups of patients. For example, Qu et al.

[37] reported that PCOS women with NAFLD had higher

values of BMI, waist/hip ratio, insulin resistance, and

triglycerides and lower HDL-cholesterol levels than their

counterparts without NAFLD. In contrast, the two groups

of women did not differ significantly with respect to

plasma total testosterone, DHEAS, and estradiol levels.

Similarly, Cussons et al. [25] did not find any significant

differences in circulating levels of total testosterone, sex

hormone-binding globulin (SHBG) or free androgen index

(FAI) between PCOS women with and without NAFLD.

Other investigators reported similar results [32, 38].

However, although in most published studies, there were

no significant differences in circulating total testosterone

levels between PCOS women with and without NAFLD,

uncertainty still remains regarding the circulating levels of

FAI. Indeed, FAI levels in PCOS women with NAFLD

were observed to be similar to or higher than those of

PCOS women without NAFLD (Table 1). Interestingly, in

a case–control study involving 29 young obese women

with PCOS and 22 age-, BMI-, and waist circumference-

matched controls, Jones et al. [33] subdivided PCOS

women according to their FAI levels and found that hyper-

androgenic PCOS women had markedly higher intrahepatic

fat content on magnetic resonance spectroscopy compared

to both normo-androgenic PCOS women and controls

(mean intrahepatic fat content: 12.9 vs. 0.6 vs. 1.9 %, re-

spectively). It is important to note that these wide inter-

group differences in intrahepatic fat content remained

significant even after adjustment for BMI, visceral fat, and

insulin resistance [30]. Vassilatou et al. reported higher

FAI and lower SHBG levels in PCOS women with NAFLD

than in those without NAFLD [26]. This study also re-

vealed that PCOS was associated with NAFLD, indepen-

dent of age, BMI, waist/hip ratio, insulin resistance, SHBG,

and FAI [26]. However, other investigators did not observe

any significant differences in FAI or SHBG levels between

PCOS women with and without NAFLD (25, 38). Future

studies in larger cohorts of carefully characterized PCOS

patients will be needed to elucidate this controversial issue.

Importantly, PCOS women also have an elevation in

circulating inflammatory biomarkers that is independent of

overweight/obesity and that may be further amplified by

the coexistence of NAFLD [12, 25, 31, 41, 42]. In PCOS

patients, this subclinical inflammation persists during ges-

tation and is exacerbated by pregnancy, and it is associated

with adverse pregnancy outcomes [43]. These findings

corroborate existing molecular evidence of the subclinical

inflammation that may be, at least in part, implicated in

PCOS pathogenesis [41, 42].
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Collectively, the published studies indicate that the

prevalence of NAFLD is remarkably high among young

women with PCOS, independent of overweight/obesity and

other MetS features. Accordingly, a recent meta-analysis,

including seven case–control studies published through 2013,

has confirmed that PCOS women exhibit an approximately

fourfold increased rate of NAFLD compared to control

women [44]. In addition, the young age of many PCOS

women and the relatively advanced stage of NASH revealed

by the biopsies from these patients clearly suggest the pos-

sibility of a significant risk for long-term liver-related com-

plications in this group of patients. Therefore, the current

body of evidence argues for more careful monitoring and

evaluation of the presence of NAFLD in women with PCOS.

Putative mechanisms linking NAFLD to PCOS

The etiology of PCOS remains unknown. Similarly, to

date, the underlying mechanisms linking NAFLD to PCOS

are not fully understood. As schematically shown in Fig. 1,

it is plausible to assume that the mechanisms underlying

the association between NAFLD and PCOS are multifac-

torial, involve both genetic and acquired factors, and often

overlap with metabolic disorders which commonly coexist

in PCOS women, such as abdominal overweight/obesity

and insulin resistance.

Role of genetics

In 2011, Azizz et al. were first in proposing that PCOS is an

ancient disorder arising from ancestral gene variants se-

lected during the Paleolithic period [45]. According to this

hypothesis, PCOS has persisted throughout human evolu-

tion despite reduced fecundity because of the benefits it

confers to affected women, such as greater sturdiness,

improved energy utilization (a rearing advantage for their

children and kin), and a reduction in the risk of perinatal

mortality [45]. This hypothesis suggests that genetics may

play an important role in the pathogenesis of PCOS and

that ancestral gene variants eventually found to be associ-

ated with PCOS are similar across ethnicities. Brower et al.

recently confirmed the existence of common susceptibility

genes in different ethnicities demonstrating that at least

four of the PCOS susceptibility loci (i.e., all functionally

involved in androgen synthesis, insulin action, and secre-

tion) identified in the Chinese genome-wide association

studies are also associated with PCOS in European indi-

viduals [46]. Although functional studies are needed to

improve our understanding of the role these genes play in

PCOS pathogenesis, however, it is known that insulin re-

sistance is a major player in the pathogenesis of NAFLD

[1, 3–5, 47–49]. Further supporting a role of genetic factors

in PCOS, a recent study has shown that maternal factors,

namely genetic and perhaps epigenetic determinants, sig-

nificantly contribute to the metabolic phenotype (mainly

impaired fasting glycaemia) in affected women [50].

Similarly, subclinical inflammation observed in PCOS

women may be influenced by genetic polymorphisms of

interleukin (IL)-18, IL-1a, IL-1b, IL-6, and plasminogen

activator inhibitor-1 [51].

Abdominal obesity

It is likely that the mechanisms linking NAFLD with PCOS

may result from the expanded and inflamed (dysfunctional)

visceral adipose tissue, with the liver being both a target of

the resulting systemic abnormalities and a major source of

several pathogenic mediators, e.g., pro-inflammatory, pro-

oxidant, and pro-coagulant factors [3–5, 47, 52]. These

factors may further amplify both the metabolic/hormonal/

inflammatory derangements and the vascular damage,

which are observed in patients with PCOS. In addition, it is

well known that NAFLD plays a key role in the develop-

ment of atherogenic dyslipidemia and hepatic insulin re-

sistance [3–7, 47–49].

Molecular basis of hepatic insulin resistance

With the exception of cases where NAFLD results from

either familial hypobetalipoproteinemia or patatin-like

phospholipase domain-containing 3 (PNPLA-3) gene

polymorphisms, in which NAFLD is usually dissociated

from insulin resistance [48–54], NAFLD directly causes

hepatic insulin resistance in most cases [3, 7, 47–49].

Molecular and genetic studies have recently supported the

view that the pathogenic mechanisms contributing to in-

trahepatocytic lipid compartmentation are determinants of

whether hepatic steatosis is or is not associated with insulin

resistance and the MetS [7]. The proposed mechanisms by

which NAFLD causes hepatic insulin resistance implicate

various lipid species, inflammatory signaling, and other

cellular and subcellular changes. Experimental studies have

elucidated a key role for hepatic diacylglycerol activation

of protein kinase Ce (PKCe) in triggering hepatic insulin

resistance [55]. Dysregulation of intrahepatic lipid droplet

metabolism may influence the intracellular compartmen-

tation of diacylglycerol, which dictates whether or not

PKCe will translocate to the plasma membrane so pro-

moting lipotoxicity and hepatic insulin resistance [55]. Ir-

respective of overweight/obesity, insulin resistance plays a

central role in the development of characteristic features of

PCOS in susceptible individuals. Indeed, in PCOS women,

insulin resistance is closely associated with a prothrom-

botic state, subclinical inflammation, atherogenic dyslipi-

demia, hyperandrogenemia, and chronic anovulation [12,

41, 42, 56–59].
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Hyperandrogenemia and insulin resistance

Linking metabolism with subclinical inflammation and

endocrine imbalances associated with PCOS, insulin re-

sistance may also exacerbate the hyperandrogenic state

seen in PCOS by increasing ovarian androgen production

and decreasing hepatic SHBG synthesis [59]. In its turn,

hyperandrogenemia may induce a low-grade inflammatory

state [60] and contribute to the development of the MetS

phenotype in PCOS women [61] by stimulating the

maturation of adipocytes, thus promoting the development

of abdominal obesity [51]. In a multi-ethnic cohort study of

5734 adult individuals, Lazo et al. recently reported that

post-menopausal women who were in the highest tertile of

bioavailable testosterone were more likely to have NAFLD

on ultrasound than women in the lowest tertile after ad-

justing for age, race/ethnicity, smoking, waist-to-hip ratio,

hypertension, plasma lipids, insulin resistance, and hor-

mone replacement therapy use [62]. Further research is

needed to elucidate the molecular mechanisms leading

from hyperandrogenemia to the development and pro-

gression of NAFLD.

Subclinical inflammation

As reported previously, it is well established that both

PCOS and NAFLD are closely associated with a low-grade

inflammatory state [3–7, 41, 42]. It is also known that the

circulating levels of adiponectin, a cytokine with anti-in-

flammatory and anti-atherogenic properties, are typically

reduced in NAFLD patients [63–65]. Francque et al. have

recently shown that serum adiponectin levels are positively

associated with liver peroxisome proliferator-activated re-

ceptor (PPAR)-a gene expression, which, in its turn, is

negatively associated with the presence and severity of

NASH [66]. Interestingly, lower levels of high-molecular

weight adiponectin have been recently reported to be as-

sociated with hyperandrogenemia and insulin resistance in

women with PCOS [67]. However, a small-sized trial

found that treatments with metformin or pioglitazione did

not significantly affect pre-treatment adiponectin levels

[68].

Research agenda

Collectively, the findings discussed above suggest that

PCOS and NAFLD share common pathogenic mechanisms

and are part of a complex and intriguing network of ge-

netic, clinical, and pathophysiological features (i.e., en-

docrine, metabolic, and inflammatory changes) (as

summarized in schematic Fig. 1).

Although the liver is a master regulator of glucose and

lipid metabolism and is the primary source of several co-

agulation and inflammatory factors, the close intercon-

nections of PCOS and NAFLD with abdominal adiposity

and insulin resistance make it extremely difficult to dissect

the specific contribution of NAFLD per se to the hormonal,

metabolic, hemostatic, and inflammatory manifestations of

PCOS [3–5, 11]. It is, therefore, reasonable to speculate

that the research advances achieved for either disease may

Fig. 1 Schematic

representation of the putative

pathogenic mechanisms shared

by NAFLD and PCOS
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be fruitfully applied to the other one. For instance, the

molecular basis underlying the subclinical inflammation in

NAFLD is increasingly elucidated. The adhesion molecule

vascular adhesion protein-1 (VAP-1) is a membrane-bound

amine oxidase that promotes leukocyte recruitment to the

liver, and its soluble form exerts insulin-like effects and

may initiate oxidative stress. A recent study has elegantly

shown that hepatic VAP-1 expression is increased in pa-

tients with chronic liver disease and that serum VAP-1

levels are elevated in patients with NAFLD compared to

those in control individuals. In murine hepatic injury

models, the absence or blockade of functional VAP-1 re-

duced inflammatory cell recruitment to the liver and at-

tenuated hepatic fibrosis [69]. Moreover, liver disease was

reduced in animals expressing a catalytically inactive form

of VAP-1, implicating enzyme activity in disease patho-

genesis [69]. Although VAP-1 was not directly measured, a

recent case–control study reported that the levels of mes-

senger RNAs for intercellular adhesion molecule-1 and

vascular cell adhesion molecule-1 were significantly higher

in lean PCOS women than in age-matched controls and

were associated with insulin resistance, independent of

body weight [70].

Another promising area of NAFLD and PCOS research is

mechanistic studies exploring the increased cardiovascular

risk observed in patients with either disease. Recent data

have shown that cholesterol efflux capacity, a new

biomarker that characterizes a key step in reverse cholesterol

transport, is inversely associated with the risk of future

cardiovascular events in a large population-based cohort of

adults [71]. Interestingly, a recent study has reported that

PCOS women have a decreased cholesterol efflux capacity

and reduced atherogenic lipid particle number and size, in-

dependently of body weight [72]. Similar evaluations among

NAFLD patients will be needed in the near future, because

these patients, like PCOS women, are at high risk for car-

diovascular disease [3–6, 47, 52, 73].

Finally, the prevalence and significance of two impor-

tant drivers/correlates of NAFLD, namely gallstones [74,

75] and altered gut microbiota [76], appear to have been

insufficiently investigated in PCOS women and are a

promising research area. Ruhl et al. investigated the rela-

tionship of gallstones and cholecystectomy with NAFLD

among participants of the Third National Health and

Nutrition Examination Survey, a national, population-

based cohort study [77]. These investigators found that

NAFLD was independently associated with cholecystec-

tomy, but not with gallstones, after adjusting for several

potential confounders, thus suggesting that cholecystecto-

my itself may be a novel risk factor for NAFLD. To date, a

PubMed search (assessed on March, 7th, 2015) using the

key words ‘‘cholecystectomy and PCOS’’ did not find any

results.

In carefully reviewing available evidence, Machado

et al. have concluded that NAFLD, obesity, and high fat

diet are all associated with a specific gut microbiota, which

is particularly enriched in firmicutes and is deemed to be a

noxious agent to the liver via small intestinal bacterial

overgrowth, increased intestinal permeability and increased

endotoxemia and activation of the toll-like receptor-4 sig-

naling cascade [78]. These pathophysiological mechanisms

are of potential interest in that manipulation of gut mi-

crobiota with probiotics might offer the promise as a po-

tential treatment for NAFLD. However, a PubMed search

using the key words ‘‘PCOS and intestinal dysbiosis’’

found only a review article [79], but otherwise retrieved no

original studies.

Finally, the anti-mullerian hormone, which has been

advocated as a potentially useful adjunct both in the di-

agnosis of PCOS and in the evaluation of disease severity

[80, 81], has never been investigated among patients with

NAFLD.

Conclusions

PCOS represents a unique model of a disease exposing

young women to an increased risk of developing serious

cardio-metabolic and hepatic diseases. Although the cur-

rent clinical evidence is restricted to cross-sectional and

case-control studies, the published data fully support a

significant association between NAFLD and PCOS. Nota-

bly, in most published studies, this association appears to

be independent of coexisting MetS features. In addition,

given the young age at which NAFLD may occur in PCOS,

these women are at significant risk for progressive hepatic

injury over the course of their lives. However, further

studies are needed to better clarify the association between

NAFLD and PCOS and the putative biological mechanisms

underlying this association. Specific soluble mediators of

this novel ‘hepato-ovarian axis’ need to be further eluci-

dated in order to discover innovative drugs and treatments.

In the interim, clinicians should be aware of the link

between NAFLD and PCOS and consider screening for

NAFLD in PCOS patients who have other metabolic risk

factors. The optimal method of screening is presently un-

known. However, given the limitations of serum liver en-

zymes for the screening of NAFLD [1, 2, 20], we believe

that liver ultrasonography and transient elastography

combined with the use of non-invasive fibrosis scoring

systems (e.g., NAFLD fibrosis score) may be useful as first-

line options in identifying both patients with NAFLD and

those with suspected NASH to submit to liver biopsy

among those with PCOS [1, 47, 82–84]. Conversely, a high

index of suspicion may help in identifying PCOS cases

among female patients with documented NAFLD, who
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exhibit compatible clinical features. Finally, all these pa-

tients should undergo regular follow-up not only for liver-

related complications but also for cardio-metabolic dis-

eases [1–4, 6, 52, 73]. There are no proven treatments for

NAFLD to date, but a personalized pathogenesis-based

approach to treatment should be considered for this mul-

tifactorial disease. More research is needed to determine

the best approach to management of NAFLD in women

with PCOS.
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