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Abstract

Obesity and metabolic syndrome are conditions at high risk for the development of complications
such as type 2 diabetes mellitus, atherosclerotic cardiovascular disease, and non-alcoholic fatty liver
disease (NAFLD). The growing prevalence of NAFLD has recently raised attention in the clinical practice, due
to the worsening prognosis observed in the affected patients. Sex hormones abnormalities, commonly found
in subjects suffering from obesity and metabolic syndrome, have been recently hypothesized to be directly
involved in the physiopathology of obesity-related comorbidites; however, their role in the pathogenesis of
NAFLD remains unclear. In this review of the available literature, a summary of the knowledge about the
role of sex steroids abnormalities in the risk of developing NAFLD was performed, mentioning the possible
clinical implications for therapy.
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Introduction

As non-alcoholic fatty liver disease (NAFLD) reached worldwide diffusion, emerging as the most frequent
chronic liver disorder, great efforts have been made in both clinical and pre-clinical research areas with
the aim to identify strategies to treat and prevent this condition. However, the physiopathology of NAFLD
remains an unresolved topic, with still limited therapeutic approaches in the clinical practice. Considering
that metabolic syndrome (MetS), obesity and type 2 diabetes mellitus (T2DM) remain the most relevant risk
factors for the development and progression of liver damage [1], the treatment of NAFLD usually overlaps
the management of these concomitant conditions. However, the interconnection is even more complex,
considering that the relationship between MetS and NAFLD seems bidirectional, with the presence of NAFLD
increasing the probability of being diagnosed with T2DM or MetS [2], and recently, it has been demonstrated
that the presence of NAFLD anticipates the development of T2DM and even arterial hypertension, and this
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seem related with the severity ofliver fibrosis [3]. Despite several antidiabetic drugs have been proven effective
in the amelioration of clinical and even histological parameters of NAFLD [4, 5], the lifestyle modifications
including diet and exercise aiming to weight reduction and weight loss maintenance remain the cornerstone
for the treatment of NAFLD [6]. Recently, also bariatric surgery emerged as a potential therapeutical
approach for NAFLD [7], despite its indication remains limited to severe obesity or less severe obesity (body
mass index = 35 kg/m? or even body mass index > 30 kg/m?) associated to complication such as T2DM [8].
Obesity and MetS not only lead to the development of metabolic liver disorders, but are also characterized
by a constellation of endocrine and hormonal disturbances further affecting the quality of life of patients. In
this sense, the abnormalities of the reproductive function are extremely relevant. The hormonal alterations
usually observed in obesity and MetS are represented by male obesity-secondary hypogonadism (MOSH),
and polycystic ovary syndrome (PCOS). Accumulating evidence is showing how these endocrine disturbances
contribute not only to the maintenance of the excess body weight, but even aggravate the progression of
metabolic and vascular complications related with obesity [9, 10].

In fact, in obesity the development of NAFLD results from the metabolic derangements occurring in
the expanded adipose tissue and promoting both insulin resistance and inflammatory processes, which are
key factors in the physiopathology of NAFLD [11]; however, these metabolic flaws seem also involved in the
development of hypothalamic-gonadal axis abnormalities affecting patients with MetS and/or obesity. In
this sense, in the light of the gender differences observed in the epidemiology of liver diseases, the role sex
hormones in the development and progression of NAFLD has been hypothesized. In fact, epidemiological
studies have shown a higher severity of the disease in men than in women, suggesting a detrimental effect of
androgens and, on the contrary, a protective effect of estrogen in the pathogenesis of NAFLD. We provided a
brief summary of the available evidence supporting a plausible role of sex steroids in NAFLD pathophysiology,
mentioning the possible therapeutic implications in patients with liver disease.

Androgens and estrogens in the epidemiology of liver diseases and NAFLD

NAFLD is characterized by progressive liver abnormalities, starting from an increased intra-hepatic adipose
tissue deposition defined as steatosis or fatty liver, to more severe histological damage represented by
steatohepatitis [non alcoholic steatohepatitis (NASH)] and fibrosis. These alterations lead to hepatic and
extra-hepatic complications if an adequate treatment is not proposed, and in this sense the spreading
diffusion of NAFLD, along with the associated high mortality, poses relevant questions for the public health
systems. NAFLD is in fact associated with an increased risk of cirrhosis and hepatocellular carcinoma (HCC),
now representing the main indication to liver transplantation worldwide [12]. However, besides the well-
established liver-related disability, NAFLD has been recently associated with an increased cardiovascular
morbidity and mortality [13].

As for other human diseases, a gender-related epidemiology can be observed also for NAFLD, with sex
differences modulating different prognosis and severity. It is well known that autoimmune liver diseases are
more frequent in female while, on the contrary, male has a higher incidence of liver cancer. With this regard,
arole for sex hormones in the carcinogenesis and progression of HCC has been proposed [14]. As observed in
preclinical studies involving androgen receptor (AR) knockout animal models, the inhibition of AR pathway is
characterized by slowing progression of HCC; on the contrary, as observed in N’,N-diethylnitrosamine (DEN)-
induced HCC models, estrogens exert a protective role on neoplastic transformation [15]. So, androgen and
estrogen receptor pathways could modulate carcinogenesis in a different manner [16], resulting in a different
sex-derived risk.

As for HCC, also the prevalence of NAFLD is higher in men than in women, and in fact male sex has been
traditionally considered as a risk factor for of NAFLD [17], despite the management of NAFLD and associated
risk factors in the female can be very tricky [18]. It is interesting to note that this difference becomes less
pronounced with aging: in particular, while the prevalence in pre-menopausal women is about 6%, an
increased risk for developing NAFLD is observed in female after menopause, with rate of disease prevalence
similar to those of men [19]. Age represents an independent factor for the development of NAFLD, probably
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due to the increasing prevalence of the features of MetS occurring in both sexes during aging; however, the
hormonal modification occurring in the elderly and, in the female, in the post-menopausal period, may
further explain these epidemiological aspects. The increased risk for NAFLD in post-menopausal women
can be easily referred to the drop of circulating estrogens [20], while in the male the age-related hormonal
abnormalities can explain the development and progression of NAFLD. Similar to obese male subjects, in
the aging male a reduction of testosterone plasma levels is usually observed, a condition also defined as
andropause. Accumulating evidence has shown how hypogonadism can contribute to the development of
several cardiovascular and metabolic conditions, and recent studies are suggesting that low testosterone
plasma levels in the male are associated with the development of NAFLD and the progression of liver steatosis
to NASH, even at younger age. So, according to these epidemiological data, a role for hormonal abnormalities
in the physiopathology and the natural history of NAFLD is strongly plausible.

Recently, the definition of new risk factors for the development and/or progression of NAFLD raised
attention in medical practice. Clinical observation proposed the role of gender in the physiopathology of
NAFLD. The complex role of androgens and estrogen in lipid and glucose metabolism have been proposed,
such as their modulation of inflammatory responses and then even of fibrotic process [21]. Subsequently,
evidence has grown up about the epidemiological relationship between NAFLD risk and sex status, with sex
emerging as a main risk disease modifier [22]. However, only few clinical studies were performed aiming to
clarify the influence of sex on NAFLD pathogenesis, progression and even therapeutic responses [23, 24].

Relationship between NAFLD and sex hormones abnormalitiese

The risk of developing NAFLD is associated with the presence of metabolic abnormalities such as MetS and
both polygenic and monogenic obesity syndromes. These conditions are characterized by a state of insulin
resistance related to a dysfunctional adipose tissue: the systemic complications of obesity and MetS are
consequent not only to the excessive expansion of fat depots, but even more with adipose tissue distribution
and function [25]. In fact, the visceral adipose tissue (VAT) is the fat depot characterized by the higher
metabolic activity and, when reaching the maximum adipocytes expansion due to an excessive energy intake,
it becomes dysfunctional, with an abnormal production of adipokines and pro-inflammatory cytokines and
consequent local recruitment of inflammatory cells [11].

As mentioned above, metabolic disturbances are also associated with hormonal abnormalities.
In the male, obesity, MetS and T2DM are associated with subnormal or low testosterone and higher
estradiol plasma levels, while women with obesity and MetS commonly develop PCOS. Despite the
fact that different clinical and biochemical phenotypes exist, sometimes not showing biochemical
(and/or clinical) hyperandrogenism [26], PCOS is often characterized by increased circulating levels
of androgens. Hypogonadism in the male and hyperandrogenism in the female have been recently
considered as independently associated with an increased risk for developing NAFLD. This represents a
relevant point, considering not the epidemics of obesity, but also recent data showinga higher prevalence
of severe obesity in women than in men (age-adjusted prevalence 11.5% vs. 6.9%) [27, 28]. However,
how these sex hormone abnormalities could promote liver damage remains unclear. This is probably
consequent to the indirect effects of sex hormones on energy homeostasis, due to their action on the
metabolism of adipocytes, pancreatic B-cells and even hepatocytes. It is well known that testosterone
is involved in adipose tissue biology, promoting different cellular and biochemical responses through
the interaction with the AR. In particular, testosterone prevents the adipose accumulation promoting a
myogenic commitment of pluripotent mesenchymal cell and inhibiting adipogenic differentiation [29].
Furthermore, testosterone may preserve pancreatic function protecting pancreatic -cells from gluco-
toxicity, and promote an increase of lean mass with overall benefits on insulin sensitivity. These positive
effects seem to fade when testosterone plasma levels are reduced; thus, when MOSH is established, the
obesity status is maintained with a concomitant increased risk of metabolic diseases such as T2DM and
even NAFLD. Both cross-sectional and longitudinal studies have shown that low testosterone plasma
levels are independently associated with the features of MetS, while other studies have even shown a
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correlation between testosterone plasma levels and obesity-related complication, with low testosterone
levels predicting the development of T2DM in men [30]. Other observational studies demonstrated an
association between low androgens levels and the risk of NAFLD; in particular, in a cross-sectional
study involving 1,912 men, lower levels of testosterone and dehydroepiandrosterone sulphate (DHEAS)
were associated with sonographic-diagnosed hepatic steatosis, with age not significantly affecting this
association [31]. This association was recently confirmed also in histologically-proven NAFLD [32], and
very interestingly, reduced serum concentration of testosterone was demonstrated to be independently
related with a more severe histological pattern of liver disease [33]. So, as already demonstrated in
T2DM, male hypogonadism can represent a risk factor also for NAFLD, and its treatment could be
beneficial in patients with MetS/obesity to prevent the development of NAFLD.

The complexity of this sex hormone-liver axis in NAFLD can be further described observing the different
role of androgen between sexes: in fact, while low testosterone plasma levels are associated with NAFLD
in men and even in post-menopausal women [34], on the contrary, in pre-menopausal women, the risk of
developing NAFLD increases with increasing testosterone plasma levels [35]. This became evident in women
with PCOS, who present a higher risk of NAFLD respect to age- and adiposity-matched controls, with the
androgen excess (in particular serum testosterone levels higher than 3.0 nmol/L) strictly associated with
NAFLD [hazard ratio (HR) = 2.30, 95% confidence interval (CI) 1.16-4.53, P = 0.017] [36]; in fact, in subjects
with PCOS, sex hormones abnormalities seem to be independently associated with higher risk of fibrosis
progression [37], thus PCOS has been recognized as a risk factor for the development of NAFLD, [17]. Then
androgen levels seem to modulate the development of NAFLD in a sex-dependent manner, with hypogonadism
being a risk factor in the male while, conversely, hyperandrogenism is in the female (Figure 1). In this sense,
male patients with hypogonadism and female suffering from PCOS (with increased androgens levels) should
be appropriately screened for NAFLD in clinical practice.

OBESITY

Adipokines production
Inflammatory state

Increased aromatase activity
Gonadal and hypothalamic dysfunction

HYPOGONADISM

Insulin resistance
Hyperinsulinism
Hyperandrogenism

Impaired follicle development

\V¢

BWAFEDY <€ POLYCYSTIC OVARY SYNDROME

Figure 1. Relationship between obesity, reproductive function abnormalities and NAFLD

However, it should be keptin mind that the differenttechniques used for the measurementof sexhormones
levels may result in different and are not always reliable data from the studies. In fact, circulating androgens
plasma levels are usually measured by direct and indirect immunoassay methods [38]; however, direct
immunoassays are seldom thoroughly validated and often lack sensitivity and specificity [39]. In addition,
in the female, the detection of androgens can be very tricky, considering that existing assays required large
amounts of serum, and that measurement of androgens may reflect reservoir of precursor substrates for
estrogens. Liquid chromatography-tandem mass spectrometry is touted to become the “gold standard” for all
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steroid hormone measurements, but despite a growing use of assays that combine mass spectrometry with
either gas or liquid chromatography for quantifying androgens, it is available only in few centers. However, it
showed a higher precision, sensitivity, and accuracy for measuring androgen levels in the female [40]. Most of
the cited studies did not report the same methods for the determination of sex hormones plasma levels (and
sometimes did not report any method), and this heterogeneity may represent a relevant bias in the definition
of the relationship between hormonal abnormalities and NAFLD. The situation became even more complex
considering that also the diagnosis of NAFLD may be biased (ultrasound, liver function tests, and biopsy).

Sex hormones modulation of liver metabolism

A sexual dimorphism can be observed in the liver related not only to drug metabolism but also to lipogenesis,
glucose metabolism, oxidative stress and even fibrosis [41, 42]. Steroid hormones (both glucocorticoids
and androgens) are regulators of metabolic phenotype, and are involved in hepatic lipid accumulation and
glucose metabolism [43-47]. Sex hormones modulate both genomic responses, through the interaction
with nuclear receptors, and also non-genomic responses, activating signaling cascade through cell surface
receptors. Genomic pathways are characterized by higher latency, while membrane interaction (non-
genomic) is characterized by rapid responses. Sex steroids hormones are produced by gonads and adrenals,
but sex hormones plasma levels are influenced also by peripheral conversion of circulating steroids, and the
peripheral tissues involved in the conversion of sex hormones are mainly represented by the adipose tissue
and the liver [48]. Androgens and estrogen are present in different concentrations in both sexes. As reported
above, androgen deficiency in men and androgen excess in women are risk factor for NAFLD development
and progression, while a protective effect is observed with estrogens [49]. The complex interplay between
reproductive axis and metabolic diseases has been defined in the setting of metabolic disturbances, and a
different role of androgens among sexes is becoming evident, with low testosterone levels associated with
increased risk of NAFLD in men but not in women [35]. Furthermore, as recently observed, increased free
testosterone levels are associated with an increased prevalence of NAFLD in adult women [50], suggesting a
pathophysiological basis for the risk of liver disease in post-menopausal subjects. In men, lower testosterone
levels are even associated with higher disease severity expressed by the fibrosis-4 (FIB-4) index [51]. The
relationship between sex hormones and liver is probably a two-way pathway, with the liver involved in the
peripheral conversion of steroids, and sex steroids modulating liver physiology due to the androgen and
estrogen receptor expression on hepatocytes surface [52]. Thus, the liver is both source and target of the
hormonal signals.

The gender-related differences in liver diseases an NAFLD between sexes could be, at least partially
explained with the different role and expression of steroids receptors among sexes [53-55]. As above
mentioned, AR pathway activation is recognized as a relevant mechanism in the physiopathology of HCC. Li
etal. [56] observed that AR knocking-out of K-ras transgenic zebrafish reduced the risk of developing HCC;
anyway, they also observed that androgen treatment promoted tumor progression in knock-out models but
not in wild-type animals, suggesting a pro-oncogenic effect of androgen AR-independent for androgens.
Estrogen receptors (ERs) are highly expressed in the liver in females because this pathway is involved
in the metabolic fluctuation occurring during the reproductive age, pregnancy, and lactation: in fact, sex
hormones modulate metabolic responses to the different nutritional requests which female mammals
are exposed during fertile age through the interaction with ER [57]. However, the ER pathway activation
seems to present beneficial effects even in the male, as observed in animal models of obesity in which ERa
knock-out was associated with reduced hepatic insulin sensitivity, suggesting a direct involvement of ERa
signaling in the development of NAFLD [58], above all the indirect metabolic effects such as the adipose
tissue expansion [59]. A summary of the above mentioned findings is reported in Table 1.
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Table 1. Summary of findings about the role of sex hormones in the risk of NAFLD

Sex hormones, metabolism, and the risk of developing NAFLD

*In the male the risk of NAFLD is higher than women

+In the male low androgens levels may increase the risk of NAFLD

+In the male with obesity/MetS, low androgens levels are frequently observed and are associated with the presence of NAFLD
*In the female with obesity/MetS, the presence of PCOS may increase the risk of NAFLD

*In the female, during the pre-menopausal period, the risk of NAFLD is lesser than men

*In the female, during the post-menopausal period, the risk of NAFLD is similar to men

*Both men with low androgen levels and women with PCOS should be screened for NAFLD

The peculiar enzymatic activity of the liver could further explain the sex differences in NAFLD
development [60]. The hepatocytes express the enzyme 5a-reductase (5aR) [61], which is involved in the
conversion of circulating testosterone to dihydrotestosterone (DHT). This enzyme is largely expressed in the
reproductive tract and prostate, with two isoforms that have been identified: 5a-reductase type 1 (5aR1)
is present in most tissues in the body, and 5a-reductase type 2 (5aR2) which is the prevalent isoenzyme
expressed in the reproductive tract and prostate. The rationale for the clinical use of 5a-reductase inhibitors
such as finasteride in the setting of benign prostate hypertrophy relies on the reduction of locally active DHT,
the most active physiological androgen. However, this enzyme seems involved also in the regulation of some
metabolic pathways in the liver, as reported from several basic studies. It has been previously demonstrated
that 5aR1-knock-out high fat-fed mice are more prone to develop hepatic steatosis and fibrosis with respect
to wild-type mice, and similar results have been observed also in Zucker rats treated with finasteride [62],
suggesting a negative metabolic effect of 5aR inhibitors on liver steatosis. This is in line with results coming
from clinical studies showing that the dual inhibition of both 5aR1 and 5aR2 obtained with dutasteride was
associated with a reduction of insulin sensitivity [63]. Subsequently, it was demonstrated that the blockade
of both 5aR isoforms is associated with an increased intra-hepatic fat deposition as observed with magnetic
resonance spectroscopy [64]. How the 5aR pathway could affect the metabolic activity of the liver metabolism
is not clearly understood yet. The most probable hypothesis is that that 5aR indirectly affects the lipogenesis
on hepatocytes, modulating the concentration of androgens and glucocorticoids at pre-receptor level [65].
However, as our knowledge expands, new theories are coming. Recently, a new enzymatic activity has been
observed influences the development of NAFLD, as reported from Nikolau et al. [66], who described the role
of steroid 5 B-reductase, also known as AKR1D1, in the progression and severity of NAFLD. A summary of
the studies suggesting the relationship between sex hormones and the risk of NAFLD is reported in Table 2.

Table 2. Summary of the studies evaluating the role of sex hormones in the risk of NAFLD

Population

Findings

References Type of study
Volzke et al. [31] Observational
Van de Velde et al. [32] Observational
Sarkar et al. [33] Observational
Yim et al. [34] Observational
Kumarendran et al. [36] Observational
Sarkar et al. [37] Observational
Sarkar et al. [50] Observational

Adult men recruited from the
SHIP study

Adult men with obesity
scheduled for bariatric surgery
undergoing liver biopsy

Adult men with biopsy-proven
NAFLD

Adult subjects participants from
the NHANES 2011-2012

Women aged 18-50 with and
without PCOS

Women aged 18-45 years with
and without PCOS and biopsy-
confirmed NAFLD

Healthy Caucasian and African
American women aged 18-30

Hepatic steatosis is associated with low
testosterone and high DHEAS levels

Subjects with NASH have lower cFT levels and a
higher cFE2/cFT ratio as compared to those with
only fatty liver

Men with low free testosterone are more likely to
have NASH and advanced fibrosis

Low total testosterone levels were associated
with abnormal ALT levels in men and post-
menopausal women irrespective of other risk
factors

Patients with PCOS have an increased rate of
NAFLD irrespective of BMI or impaired glucose
metabolism

The presence of PCOS was associated with an
increasing fibrosis in patients with NASH

Increased free testosterone levels are associated
with NAFLD independently from BMI, insulin
resistance and waist
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Table 2. Summary of the studies evaluating the role of sex hormones in the risk of NAFLD (continued)

References Type of study Population Findings
Fujihara et al. [51] Observational Healthy middle-age Japanese Low FT and high SHBG plasma levels are
men associated with a higher FIB-4 index
Hazlehurst et al. [64] Trial Healthy young male treated with Increased metabolic risk and intrahepatic lipid
finasteride/dutasteride accumulation on MRS in patients treated with
dutasteride
Gild et al. [69] Observational  Adult men with PCa undergoing Increased risk of NAFLD and any liver disease in
ADT treated patients
Sawazaki et al. [70] Observational Men with PCa undergoing ADT  Increased intrahepatic fatty deposition on
abdominal CT

ADT: androgen-deprivation therapy; ALT: alanine aminotransferase; cFT: calculated free testosterone; cFE2: calculated free
estradiol; CT: computed tomography; MRS: magnetic resonance spectroscopy; PCa: prostate cancer

Sex hormones, hormonal therapy and NAFLD: evidence from clinical practice

The above mentioned data suggest a plausible involvement of sex hormones and sex hormones abnormalities
in the pathophysiology of NAFLD. From a clinical point of view, these observations have raised several
questions about the possible effects of hormonal treatments and drugs modulating the hormonal pathways
in affecting the risk of NAFLD.

The anti-androgen therapy is a cornerstone in the management of metastatic prostate cancer [67],
but it negatively affects metabolic homeostasis favoring the development of obesity and metabolic
diseases [68]. In fact, in patients undergoing ADT for prostate cancer, hormonal treatment is associated
with the development of MetS and T2DM and, as a consequence of weight gain and/or the development
of MetS, ADT has been recently recognized as a risk factor for the development of NAFLD. Epidemiological
studies demonstrated that the diagnosis of NAFLD and even cirrhosis was more common after ADT in patients
without known liver disease at baseline, with an apparent dose-response relationship [69]. In addition, in
patients with diagnosed NAFLD, 6 months of ADT was associated with the progression of hepatic steatosis
on abdominal CT [70].

The relationship between androgens, prostate and NAFLD could be more intriguing considering
some epidemiological studies proposing a relationship between prostate cancer and NAFLD: in a large
epidemiological study involving more than 10 million subjects, high fatty liver index and hepatic steatosis index
were independently associated with the development of prostate cancer [71]. However, there are conflicting
evidence showing that NAFLD is protective for prostate cancer recurrency after radical prostatectomy [72].

Testosterone supplementation has been demonstrated to revert unfavorable metabolic profile in
subjects with obesity and MetS and low testosterone plasma levels. In addition, testosterone replacement
therapy in subjects with T2DM promotes the amelioration of all metabolic parameters [73]. Testosterone
influences metabolic homeostasis, by increasing lean while reducing fat mass, with consequent improvement
of glucose sensitivity and normalization of triglycerides accumulation from adipose depots [74]. To this
regard, the role of testosterone in the development of prostate cancer has been recently questioned, with
accumulating evidence providing that testosterone treatment seems to prevent metabolic abnormalities
without affecting neoplasm prognosis after a definitive therapy [75]. These results may be partially due
also to a plausible anti-inflammatory effects proposed for testosterone [76], with several epidemiological
studies showing an inverse correlation between testosterone plasma levels and circulating pro-inflammatory
mediators such as high sensitivity-C reactive protein, tumor necrosis factor-a, macrophage inflammatory
protein-1a, macrophage inflammatory protein-1f, and interleukin-6 [77]. However, this is in contrast with
a recent study demonstrating a pro-inflammatory and pro-fibrotic effect of testosterone: in animal models,
androgen supplementation was associated with an increased inflammatory response in the liver modulating
the activity of NLR family pyrin domain containing 3 (NLRP3) inflammasome [78], a biological pathway
which seems directly involved in hepatic damage [79, 80].

As reported above, the inhibition of the 5aR seems to influence hepatic metabolism, increasing the risk
of NAFLD development. The failure to convert testosterone to DHT could favor a “functional hypogonadal
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state” promoting metabolic abnormalities progressing to liver steatosis and then steatohepatitis (Figure 2). In
this sense, some authors hypothesized a risk of NAFLD during treatment with finasteride or dutasteride [81].

However, evidence is not so strong yet to limit their use in clinical practice.

Androgen Deprivation

Therapy
Testosterone Replacement - Negatively affects metabolism
Therapy + May promote hepatic steatosis
+ May favor liver damage
— Remains the cornerstone for
+ Positively affects metabolism advanced PCa
« Reduces fat depots

« Increases lean mass

— Possible adverse side effects
(monitoring needed); possible pro-fibrotic
effects

5-a Reductase Inhibitors

» Negatively affect metabolism
» May promote hepatic steatosis
» May favor liver damage progression

— Limited evidence

Figure 2. Hormonal therapy in men and NAFLD risk. PCa: prostate cancer

Conclusions

There is an intricate relationship between metabolic impairment and sex steroids abnormalities, and sex

hormones may independently affect metabolic homeostasis. Androgens and estrogens directly mediate
liver function through receptor activation, representing a plausible mechanism by which sex steroids could
promote the development of NAFLD in patients with obesity and metabolic syndrome. However, different

gender-related effects of sex steroids are observed, with low testosterone levels affecting liver function in
men but not in young women, where hyperandrogenism has been associated with NAFLD. The complex

effects of sex hormones are also demonstrated by the dual effects of androgens during aging in the female,
with high androgens levels promoting the development of NAFLD in pre-menopausal period and but not in

menopausal women, when low testosterone levels represent a risk factor for NAFLD. Further studies are

needed to better understand the signaling pathways of androgens and estrogens in the hepatocytes and the

possible therapeutic implications.
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