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Keywords:
The obesity epidemic is closely associated with the rising prevalence and severity of nonalcoholic fatty liver
disease (NAFLD): obesity has been linked not only with simple steatosis (SS), but also with advanced disease,
i.e., nonalcoholic steatohepatitis (NASH), NASH-related cirrhosis and hepatocellular carcinoma. As a conse-
quence, apart from increasing all-causemortality, obesity seems to increase liver-specific mortality in NAFLD pa-
tients. Given the lack of approved pharmacological interventions for NAFLD, targeting obesity is a rational option
for itsmanagement. As thefirst step, lifestylemodification (diet and exercise) is recommended, although it is dif-
ficult to achieve and sustain. When the first step fails, adding pharmacotherapy is recommended. Several anti-
obesity medications have been investigated in NAFLD (e.g., orlistat, glucagon-like peptide-1 analogs), other
anti-obesity medications have not been investigated (e.g., lorcaserin, phentermine hydrochloric, phentermine/
topiramate and naltrexone/bupropion), whereas some medications with weight-lowering efficacy have not
been approved for obesity (e.g., sodium-glucose cotransporter-2 inhibitors, farnesoid X receptor ligands). If the
combination of lifestylemodification and pharmacotherapy also fails, then bariatric surgery should be considered
in selected morbidly obese individuals. This review summarizes best evidence linking obesity with NAFLD and
presents related therapeutic options.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Obesity is a global health problem: it has been estimated that ap-
proximately 1.5 billion adults worldwide are overweight, among them
about 200 million men and 300 million women are obese [1]. Even
more alarming is the increasing trends in the prevalence of obesity
in children and adolescents in developed and developing countries,
leading to adverse effects in terms of both physical and mental health
[2]. WHO reports an abrupt increase in global childhood obesity, from
32 million in 1990 to 41 million in 2016 (http://www.who.int/end-
childhoodobesity/facts/en). However, there is a deficiency of longitudi-
nal data introducingmeasured anthropometry to capture trends in USA
adult obesity for the same people over time [3].

Obesity leads to the development of metabolic syndrome (MetS)
and comorbidities, including type 2 diabetes mellitus (T2DM), nonalco-
holic fatty liver disease (NAFLD), hypertension, hyperlipidemia, chronic
kidney disease, cardiovascular disease (CVD), obstructive sleep apnea,
osteoarthritis and malignancies (e.g., breast, colon and prostate),
leading to increased mortality observed in obese individuals [4]. In
this regard, weight loss interventions (diet and exercise) reduce all-
cause mortality in obese adults [5].

Apart from the life expectancy, obesity essentially burdens the
healthcare systems. It is estimated to account for 0.7–2.8% of the total
health-care costs of a country and that obese have medical costs 30%
higher than those of normal weight individuals [6]. Noteworthy, the
total health-care costs are projected to double every decade [7].

The increase in the prevalence and severity of NAFLD has been
linked with the rising trends in obesity [8]. NAFLD includes simple
steatosis (SS) and nonalcoholic steatohepatitis (NASH), which may
advance to cirrhosis and hepatocellular carcinoma (HCC) [9]. NAFLD
has currently become one of the main causes of chronic liver diseases
in the industrialized world, with an estimated global prevalence of
25–30% worldwide, rising up to 90% in morbidly obese patients [10].
Moreover, since the early stages of NAFLD usually disclose no obvious
symptoms, the prevalence of obesity-driven NAFLD and followingmor-
bidity can be considered oneof themain health crises of the next decade
[11,12]. Likewise, NAFLD-related mortality continues to increase, in
contrast to decreasing trends in viral hepatitis-related mortality [13].
Its mortality has been attributed to hepatic diseases (i.e., cirrhosis, its
complications and HCC) and extra-hepatic diseases, including chronic
kidney disease, CVD, and malignancies [14]. Nevertheless, the needs
for the noninvasive diagnosis and specific treatment of NAFLD remain
unmet [15,16].

In this review, evidence linking obesity with NAFLD is summarized,
with a special focus on clinical data. A synopsis of the pathophysiology
of NAFLD is initially provided, followed by selected epidemiological
studies and, finally, clinical trials targeting NAFLD by treating obesity
are reviewed.

2. Obesity-driven Pathophysiology of NAFLD

The pathophysiology of NAFLD and its progression is induced by
multiple factors, in a “multiple parallel-hit” model [17,18]; in this re-
gard, numerous genetic and environmental factors (“hits”) interplay
in an individual basis. Each NAFLD patient has been dynamically
Please cite this article as: S.A. Polyzos, J. Kountouras and C.S. Mantzoros, O
therapeutics, Metabolism Clinical and Experimental, https://doi.org/10.10
affected by a different pathogenetic combination lifelong, a consider-
ation with diagnostic and therapeutic challenges. These factors include,
but not limited to: specific genetic polymorphisms (e.g., of patatin-
like phospholipase domain-containing protein 3 gene, transmembrane
6 superfamily member 2 gene) and epigenetic modifications [19], diet
(e.g., excessive fat and fructose) and lack of physical activity [20],
obesity and insulin resistance (IR) [21], dysregulation of adipokines
[22], lipotoxicity [23], endoplasmic reticulum stress and oxidative stress
[18], dysbiosis of the gut microbiota [24] and endocrine disruptors [25].
Under the combined effect of some of these factors, which also cross-
talk each other in a dynamic manner, lipids are initially accumulated
in the hepatocytes leading to SS. If SS is not timely managed, the liver
is infiltrated by immune cells, thereby an inflammatory process is
added, a condition characterized as NASH [26]. Again, if inflammation
is not timely managed, the disease is complicated by hepatic fibrosis
in a subset of patients [17].

Obesity seems to play a role in both the initial process leading to SS,
but also to its progression to NASH [21] (Fig. 1). An adipocyte-like func-
tion has been attributed to hepatocyte, when the capacity of adipose tis-
sue to store excess energy is diminished, e.g., in common obesity or
conditions lacking adipose tissue such as lipodystrophies [27]. In these
cases, hepatocytes store the extra lipids, mainly in the form of triglycer-
ides, leading to SS. More specifically, excess circulating free fatty acids
(FFAs) availability resulting from accelerated lipolysis and reduced
fatty acid uptake in subcutaneous adipose tissue could lead to ectopic
fat accumulation (e.g., in the liver, skeletal muscle) and, subsequently,
tomulti-organ IR [28]. Thus, themain substrate for intra-hepatic triglyc-
erides FFAs is derived from the diet (approximately 15%) and adipose
tissue lipolysis (approximately 60%), but also from de novo lipogenesis
within the hepatocyte from other sources (approximately 25%), such
as carbohydrates [29]. By this way, fat is redistributed from normotopic
to ectopic stores.

Lipotoxicity and glucotoxicity, two processes startingwith the expo-
sure of hepatocytes to high lipid and carbohydrate levels, respectively,
play central roles in both the development of SS and the subsequent pro-
gression to NASH. In this regard, high fat and carbohydrate diet, usually
observed in obesity, predisposes to SS and NASH. Pathophysiological
mechanisms connecting lipotoxicity and glucotoxicity with SS and
NASH include mitochondrial defects, endoplasmic reticulum stress and
oxidative stress [23,30]. More specifically, the release of FFAs from dys-
functional and insulin-resistant adipocytes lead to lipotoxicity, which is
induced by the ectopic accumulation of triglyceride-derived toxicmetab-
olites and the consequent activation of inflammatory pathways, cellular
dysfunction, and lipoapoptosis; the lack of hepatocyte capacity to dispose
excess FFAs results in lipoapoptosis, an essential feature of NASH [31].

When obesity is not successfully managed at the stage of SS, an
intra-hepatic inflammatory process starts, possibly as an unsuccessful
counterregulatory effort to limit SS [21]. This process resembles the
low-grade inflammation occurring within the adipose tissue of obese
individuals [32,33]. During this process, the hepatic innate immune
cells, including Kupffer cells, dendritic cells and hepatic stellate cells
(HSCs) are activated and the liver is progressively infiltrated by immune
cells, including neutrophils, monocytes, T-lymphocytes and mainly
macrophages [34]. Within the liver, the immune cells release cytokines
that intensify the inflammatory process, but also contribute to fibrotic
besity and nonalcoholic fatty liver disease: From pathophysiology to
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Fig. 1. Obesity-driven pathophysiology of NAFLD. The expansion of adipose tissue in obesity diminishes its ability to store excess energy. Adipocyte dysfunction and IR are increased,
leading to lipolysis. Consequently, circulating FFAs and leptin increase, and adiponectin decreases, resulting in intrahepatic fat accumulation (SS), which is further amplified by the
high dietary fat and carbohydrates (commonly observed in obesity), the latter increasing de novo lipogenesis. Upon the expansion of adipose tissue, it is also infiltrated by immune
cells that produce cytokines and ILs. When obesity is not successfully managed at the stage of SS, immune cells also infiltrate the liver further contributing to a low-grade, but chronic
intrahepatic inflammatory process. Lipotoxicity and glucotoxicity play central roles in both the development of SS and the subsequent progression to NASH. Mitochondrial defects, ER
stress and oxidative stress link lipotoxicity and glucotoxicity with SS and NASH. When inflammation prolongs, fibrogenesis starts with HSCs as key players. Aggravation of fibrogenesis
that may result in cirrhosis may represent an impaired mechanism of tissue regeneration, during which the replacement of hepatocytes subjected to cell death or apoptosis is
unsuccessful. Abbreviations: ER, endoplasmic reticulum; FFAs, free fatty acids; ILs, interleukins; HSCs, hepatic stellate cells; IR, insulin resistance; NASH, nonalcoholic steatohepatitis;
SS, simple steatosis.
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process, which is usually appeared when the inflammation prolongs
[22]. During fibrogenesis, the immune cells cross-talk with wound-
healing cells, including activated endothelial cells, myofibroblasts and
progenitor cells, within the liver.

Following liver injury, the aforementioned immune and wound
healing cells are orchestrated targeting to tissue regeneration [35].
Under normal circumstances, this counterregulatory mechanism
succeeds in the replacement of hepatocytes subjected to cell death or
apoptosis. When this mechanism fails (e.g., in sustained obesity), fibro-
sis occurs, possibly as an unsuccessful effort against liver injury and
tissue regeneration. Scar, i.e., cirrhosis, and neoplasia are thefinal results
of persistent and exuberant responses of these processes. HSCs are the
main cells responsible for liver fibrogenesis during chronic liver injury,
by being activated and differentiated into myofibroblasts [36].
Myofibroblasts, in turn, express actin and diverse types of collagen,
leading to extracellular matrix deposition and fibrosis. Likewise, acti-
vated HSCs induce granulocyte-macrophage colony-stimulating factor
and interleukin (IL)-15 to prolong the survival of the neutrophils,
whichmight further contribute to liver damage and fibrosis [37]. More-
over, transcriptomic profiling of obesity-associated NASH shows the ex-
istence of fibrosis-specific genes, a proportion of which are upregulated
by activated HSCs [38].

Obesity also affects the liver through adipokines (e.g., leptin,
adiponectin), hormones derived from the adipose tissue, which may
contribute to SS, NASH, cirrhosis and carcinogenesis [22,39]. Adipokines
are balanced in healthy normal weight individuals, but this balance is
disrupted in obesity [21]. During the enlargement of adipose tissue,
the secreted adipokines shift towards amore steatogenic, inflammatory
and fibrogenic profile. Immune cells (macrophages, B-lymphocytes,
T-lymphocytes and neutrophils), infiltrating adipose tissue during its
enlargement, also produce ILs and classical cytokines (e.g., IL-1, IL-6,
tumor necrosis factor [TNF]-α), which interplay with adipokines
Please cite this article as: S.A. Polyzos, J. Kountouras and C.S. Mantzoros, O
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[22]. The balance between T-helper lymphocytes (Th)1/Th2-related
cytokines is also essential, and lack or excess of pro-inflammatory
cytokines in relation to deficiency of anti-inflammatory cytokines have
been observed in the course of NASH in the liver and visceral adipose
tissue [40]. Moreover, T regulatory cells (Treg) play an important role
in regulating inflammatory processes in NASH, while Th17 may oppose
Treg-mediated responses [41].

There is a continuous, dynamic antagonism between adipokines/
cytokines with a favorable (e.g., adiponectin [42], obestatin [43])
and unfavorable (e.g., TNF-α, IL-6, chemerin, retinol-binding protein
[RBP]-4, resistin) [22] effect on the liver; the former defending, whereas
the latter promoting steatosis, inflammation and/or fibrosis [44]. How-
ever, the effect of adipokines is not always predictable, since it may be
dual-faceted [45]. For example, leptin, the prototype adipokine, the
circulating levels of which are positively associated with total fat mass,
seems to have a different effect on the mice liver depending on the
stage of NAFLD [46]. In this regard, leptin appears to exhibit an anti-
steatotic action at the early disease stages, but it may also promote he-
patic inflammation and fibrosis, when the disease progresses [47,48].
Although this hypothesis has not been as yet validated in humans,
lower leptin levels were observed in controls, higher in SS patients
and even higher in NASH patients [49], which may possibly imply an
unfavorable effect of leptin on the disease progression.

Another example is adiponectin, which is paradoxically decreased,
when visceral fatmass expands [42]. Noteworthy, hypoadiponectinemia
is also associated with higher fat redistribution from normotopic
to ectopic stores [50]. Adiponectin acts as an anti-steatotic, anti-
inflammatory and anti-fibrotic adipokine [51,52]. In this respect,
adiponectin inhibits pro-inflammatory cytokines (including TNF-α)
and stimulates anti-inflammatory cytokines (e.g., IL-10), thereby
resulting in inhibition of macrophage function and alleviates oxidative
stress and fibrogenesis [53]. In humans, higher adiponectin levels were
besity and nonalcoholic fatty liver disease: From pathophysiology to
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observed in controls, lower in SS patients and even lower in NASH pa-
tients [54], which are consistent with a favorable effect of adiponectin
on NAFLD. Nonetheless, in NASH-related cirrhosis, adiponectin levels
increase, which may be attributed to the decline in its hepatic clearance
or a counterregulatory mechanism against the great increase of proin-
flammatory cytokines observed in cirrhosis [55]. However, owing to
the aforementioned dual effect of adipokines, the effect of adiponectin
may be inverted to unfavorable in NASH-related cirrhosis [45]. This un-
favorable effect of adiponectin has been observed in other Mets-related
diseases, including CVD, stroke and malignancies [56,57], although
controversy still exists.

3. Epidemiological Studies Linking Obesity with NAFLD

Several studies have shown the close relationship of obesity with
NAFLD, but also with advanced disease (NASH, NASH-related cirrhosis
and HCC). There is a rise in the prevalence of NAFLD moving in parallel
with the epidemics of obesity during the last two decades [10]: the
prevalence of NAFLD has been increased globally from 15% in 2005 to
25% in 2010 [58], a trendparalleling the increasingprevalence of obesity
[1]. Likewise, the prevalence of NASH has almost doubled within the
same period [58]. This is also confirmed by more specific data from
two cohort studies. A 6-year prospective study in China, showed that
the age-standardized prevalence of obesity, overweight and NAFLD
increased between 2007 and 2013 from 15.8% to 19.4%, 35.9% to 41.8%
and 23.5% to 44.3%, respectively, in men, and from 13.2% to 18.8%,
31.1% to 37.5% and 17.6% to 43.1%, respectively, in women [59]. Impor-
tantly, a previous 12-year prospective Japanese study showed that
BMI increase was associated with the onset of NAFLD, whereas BMI
decrease with NAFLD resolution, notably, in both obese and non-obese
individuals [60].

3.1. Obesity and NAFLD

Based on the aforementioned parallelisms in the epidemiology
of obesity and NAFLD, it is not unexpected that the prevalence of
NAFLD in obese individuals is higher than that of the general population
(25–30% [61,62]), although it varies in different studies according to
ethnicity, age, other predisposing factors, including T2DM, and, impor-
tantly, the method of diagnosis. In Asia-Pacific region, the prevalence
of NAFLD in obese individuals ranges between 10% and 80%, with
the lower prevalence in Korean (10–50%) and the higher in Japanese
(50–80%) and Chinese (70–80%) [63]. In an Italian population the
prevalence of NAFLD was 75.8% in obese and 16.4% in the normal
weight, with a 4.6-fold higher relative risk in obese (Dionysos study)
[64]. The prevalence of NAFLDwas estimated to be 21.7% in overweight
and 81.7% in obese Dutch [65] and 68% in US obese individuals [66]. The
prevalence of NAFLD is even higher in morbidly obese patients, being
over 90% in some studies [67–69].

The prevalence of NAFLD increases almost linearly with BMI, as
shown in a Japanese population, being 10.5%, 37.9%, 58.4% and 84.2%
in individuals with BMI b23, 23–25, 25–28 and ≥28 kg/m2, respectively
[70]. Likewise, in a large Korean cohort study, the incidence of NAFLD
per 1000 person-years, after a 4.5-year follow-up of patients without
NAFLD at baseline, showed an approximately linear relationship
with BMI, being 4.9, 20.3, 52.9 and 85.9 for BMI categories of b18.5,
18.5–23, 23–25 and ≥25 kg/m2, respectively [71].

Notably, obesity is independently linked with NAFLD, i.e., irrespec-
tive of other metabolic factors. In a large cohort study of approximately
77,500 metabolically healthy individuals without NAFLD at baseline,
overweight (hazard ratio 2.2) and obese (hazard ratio 3.6) were at
higher risk of NAFLD than normal weight individuals after a follow-up
of 4.5 years [71]. The independent association between obesity and
NAFLD has been validated by two meta-analyses, one consisting of
21 cohort studies [8] and another consisting of 21 observational studies,
mostly case-control and cross-sectional [72]. In the former, obese had
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a 3.5-fold independently higher relative risk of NAFLD compared
with lean individuals. Moreover, a dose-dependent association was
shown, being 1.2 increase in relative risk of NAFLD per 1-unit rise in
BMI [8]. The latter meta-analysis showed 2.9-fold and 2.3-fold higher
odds ratios of NAFLD in persons with higher than lower BMI and waist
circumference, respectively [72]. A dose-dependent association was
also reported between BMI or waist circumference and NAFLD, being
1.3 and 1.1 increase in odds ratio of NAFLD per 1-unit rise in BMI and
waist circumference, respectively [72].

By looking inversely, i.e., the rates of obesity within NAFLD and
NASH, ameta-analysis has estimated that the pooled overall prevalence
of obesity among NAFLD and NASH patient is 51.3% and 81.3%, respec-
tively. Thus, it is verifying that obese constitute a high proportion of
NAFLD patients [58]. This may also imply a potentially bi-directional
association between NAFLD and obesity: obesity affects NAFLD, and
NAFLD may also affect obesity via multiple mechanisms, including
hepatic dysfunction, hepatic IR, oxidative stress, glucotoxicity and
lipotoxicity [17].

Even more alarming is the prevalence of NAFLD in children and
adolescents. A meta-analysis of 74 studies showed that the prevalence
of NAFLD is 7.6% in children/adolescents in the general population, in-
creasing to 34.2% in obese ones [73]. As in adults, NAFLD rates increase
incrementally with BMI, being 2.3% in lean, 12.5% in overweight and
36.1% in obese children/adolescents. The odds ratio of NAFLD in over-
weight children compared with lean ones was 13.4 [73]. The incidence
and prevalence of NAFLD seem to increasewith greater rates in patients
younger than 45 years vs. older patients, as shown in a study of US
veterans [74]. These observations are alarming, because increasing
rates of NAFLD in younger ages may be translated in higher rates of pa-
tients with advanced disease in the future [16]. A longitudinal study
based on a large Danish registry, showed that BMI increases between
7 and 13 years was associated with NAFLD in adult life, even when ad-
justed for baseline BMI (hazard ratio 1.15 in men and 1.12 in women
per 1-unit gain in BMI) [75]. The same group reported BMI at ages 7
and 13 years was associated with higher risk for liver malignancy
overall (hazard ratio 1.20 and 1.30 per 1-unit BMI z-score, respectively)
and HCC specifically (hazard ratio 1.18 and 1.33 per 1-unit BMI z-score,
respectively) in adult life [76]. Data from the Cardiovascular Risk in
Young Finns Study also showed that BMI in childhood/adolescence
was an independent risk factor for adult NAFLD (odds ratio 1.3) [77].
Although it remains to be shown, the global rise in children obesity
may result in a boost of NAFLD, including advanced disease in the near
future.

A relevant issue deserving attention is the risk of NAFLD in the so-
called metabolically “obese” normal weight (MONW), who are lean
but metabolically unhealthy individuals [78]. This misconception is
largely owing to the fact that the prominent classification of obesity
is based on BMI. Current obesity guidelines fail to discriminate the
management of metabolically healthy obese (MHO) or metabolically
unhealthy obese (MUHO) or MONW, who have MetS risks, including
NAFLD, despite being lean based on BMI classification [78]. Body com-
position may largely vary for a given BMI [79]. As a typical example,
Asians have higher fat mass than Caucasians with the same BMI. This
may implicate the comparative interpretation of NAFLD prevalence in
Caucasians vs. Asians, thus different cut-offs should be properly used.
This also highlights the established importance of waist circumference
as a better than BMI index of central adiposity [21] and the need for
re-classification of obesity based on waist circumference.

Given the above, a meta-analysis showed that lean patients with
NAFLD had a worse metabolic profile than lean individuals without
NAFLD, including largerwaist circumference and higher IR, thus sharing
common MetS risk factors with obese NAFLD patients [80]. However,
the burden of MetS risk factors (e.g., IR, T2DM, hypertension) seems to
be lower in MONW than obese NAFLD patients [80]. Importantly, the
histological severity of hepatic lesions was shown to be significant in
both obese and non-obese NAFLD patients, despite their phenotypic
besity and nonalcoholic fatty liver disease: From pathophysiology to
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differences [81]. Furthermore, non-obese patients constitute a signifi-
cant proportion of NAFLD patients in some pediatric series [82]. These
issues are of clinical implication, since individuals with normal weight
and BMI may have central obesity and NAFLD, whose risk may be
misestimated. Noteworthy, treating NAFLD is equally important for
MONW as for obese individuals, despite the lack of trials targeting spe-
cifically lean with NAFLD.

3.2. Obesity and NASH

NASH and hepatic fibrosis also increase with obesity. These associa-
tions are more crucial than those between obesity and NAFLD, given
that NASH and significant fibrosis are associated with advanced disease
and higher mortality rates [83]. More severe hepatic inflammation and
fibrosis in obese than non-obese is a constant finding in the literature,
validated by a recent study, in which obese vs. non-obese NAFLD pa-
tients had higher degree of NAFLD activity score (NAS), higher rates of
hepatocellular ballooning, the hallmark of hepatic inflammation, and
higher fibrosis stage [84]. These observations have been confirmed in
a meta-analysis of 8 observational studies, in which overweight/obese
NAFLD compared with lean NAFLD patients had more severe histologi-
cal lesions, including NAS and fibrosis [85]. The risk of NASH was also
lower in lean than overweight/obese individuals (odds ratio 0.6) [85].

In an early (late 1980s) autopsy study, NASH was reported in 18.5%
of severely obese patients vs. 2.7% of lean ones [86]. Likewise, severe
fibrosis was reported in 13.8% of the severely obese vs. 6.6% of lean indi-
viduals [86]. However, the rates of NASH seem to have been increased
during the last three decades. In an Italian study, higher rates of NASH
were observed in overweight/obese (40.9%) than normal weight
(17.5%) individuals subjected to liver biopsy; the rates of significant
fibrosis (fibrosis stage [F] ≥2) were also higher in the former (42.0%)
than the latter group (17.5%) [87]. In the aforementioned US study,
the rates of NASH was 80% among obese subjected to liver biopsy [66].
In morbidly obese, NASH has also been reported up to 65% of NAFLD
patients [67–69]. Though this prevalence is much higher than the re-
ported prevalence of NASH in the general population (3–5%) [88], it
should be underlined that this may be partly attributed to selection
bias, since liver biopsy is usually performed in NAFLD patients with
high suspicion of advanced disease.

There are some good prospective studies strengthening the associa-
tion between obesity and progression to NASH or significant fibrosis.
Obesity wasmore prevalent in patients with than thosewithout fibrosis
progression (86% vs. 27%, respectively) in a 5-year prospective study
with paired biopsies on untreated NAFLD patients [89]. It is noteworthy
that the only factor independently associated with fibrosis progression
was BMI in this study [89]. BMI (when patients with cirrhosis were
excluded), as well as T2DM were independent prognostic factors of
the progression of fibrosis in another prospective study of NAFLD pa-
tients subjected to serial liver biopsies (range of follow up 1–21 years)
[90]. A third 13-year prospective study with paired liver biopsies on
NAFLD patients showed that weight gain N5 kg, higher IR and more
pronounced hepatic steatosis during follow-up were associated with
the progression of fibrosis [91]. The last observation is noteworthy,
since it validates the parallel trends of hepatic steatosis and fibrosis in
NAFLD, at least until the disease progresses to NASH-related cirrhosis.

The relationship between obesity, NASH and hepatic fibrosis has
already met clinical implication: weight or BMI have been included
in some algorithms for the noninvasive prediction of NASH [92,93] or
advanced fibrosis. [94–96].

3.3. Obesity and NASH-related Cirrhosis

The prevalence of cirrhosis owing to NAFLD has doubled between
2001 and 2013 (from 80 to 161 per 100,000 US veterans), accounting
for 18% of overall cirrhosis incidence [97]. It has been estimated that
the rates of the NASH progression to advanced fibrosis (F3) or cirrhosis
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(F4) is 10–25% over 8–14 years [98]. A meta-analysis of 11 cohort
studies showed that the annual fibrosis progression rate in NASH pa-
tients is 0.14, corresponding to one stage of fibrosis progression over
7.1 years [99]. Importantly, patients with SS and F0 at baseline had
also an annual fibrosis progression rate of 0.07, corresponding to one
stage per 14.3 years [99]. This renders SS a potentially evolving rather
than a reportedly benign phenotype. It should be also underlined that
cachexia, sarcopenia, ascites and/or edema, which are closely related
with cirrhosis, may methodologically implicate the estimation of the
effect of obesity on cirrhosis, since BMI or waist circumference are not
regarded as suitable indices of adiposity in this case.

Obesity increases the risk of liver cirrhosis. In an early cohort study,
with obese NASH patients followed-up for 4.5 years, 7.1% had advanced
fibrosis or cirrhosis at baseline [100]. During the follow-up, 7.7% of pa-
tientswith fibrosis developed cirrhosis [100]. In a UKprospective cohort
study (MillionWomen Study), the adjusted relative risk of cirrhosis in-
creased by 1.3 for each 5-unit rise in BMI of women followed-up for
6.2 years; noticeably, about 17% of all hospital admissions and deaths
related to cirrhosis were attributed to obesity [101]. In another 5-year
cohort study, overweight or obese patients with compensated cirrhosis
at baseline were at higher risk of clinical decompensation than normal
weight ones. More specifically, the rates of clinical decompensation
were 15%, 31% and 43% in lean, overweight and obese, respectively
[102]. This risk was independent of liver function and portal pressure
and seems to affect cirrhosis of all etiologies [102].

More data for the association of obesity with NASH-related cirrhosis
are derived from studies with morbidly obese, whose best evidence
is selectively presented hereby. In a systematic review, cirrhosis was
diagnosed in 0–7% of morbidly obese undergoing bariatric surgery
[69]. Advanced fibrosis (F3) and cirrhosis (F4) were reported in 6.1%
and 6.1%, respectively, of morbidly obese NASH patients subjected to
bariatric surgery; these rates corresponded to 1.6% and 1.6%, respec-
tively, of the total cohort of morbidly obese of this study [103]. In
another series, the rates of advanced fibrosis and cirrhosis were 8.3%
and 5.6% within morbidly obese NASH patients, and 3.1% and 2.1%,
respectively, within the total cohort [104]. In a third series, advanced
fibrosis and cirrhosis was reported in 38.5% and 3.8% of morbidly
obese NASH patients subjected to bariatric surgery, corresponding to
9.5% and 1.0% of the total cohort [105]. In a forth series, the rates of
advanced fibrosis and cirrhosis were 29.4% and 3.9% within morbidly
obese NASH patients, and 7.1% and 0.9%, respectively, within the total
cohort [67]. Noteworthy, cirrhosis was unsuspected in all patients of
the aforementioned studies with morbidly obese. This is rational, since
a previous diagnosis of cirrhosis usually renders a patient not suitable
for bariatric surgery.

Even more important is the estimation that NASH is the underlying
disease in 30–70% of the cases of cryptogenic cirrhosis; however, the
differential diagnosis of the underlying disease is usually difficult
owing to the loss of hepatic steatosis, when NASH advances to cirrhosis
[106], which occurs without significant weight loss [100]. Nevertheless,
obesity and T2DM are more common (by about 2-fold) in patients with
cryptogenic cirrhosis (cirrhosis of unknown origin) than cirrhosis of
known etiology [107,108]. More recently, patients with NASH-related
cirrhosis and cryptogenic cirrhosis were shown to share common char-
acteristics, including similar BMI (34.8 and 33.6 kg/m2, respectively),
but cryptogenic was more aggressive than NASH-related cirrhosis
[109]. Based on these findings, cryptogenic cirrhosis has been proposed
as a different phenotype of NAFLD spectrum [109].

3.4. Obesity and NASH-related HCC

Obesity has been associated with cancer in general and HCC in par-
ticular [110,111]. It has been estimated that overweight and obesity ac-
count for 14% and 20% of all deaths from cancer in men and women,
respectively, in the USA [111]. The rates of HCC are higher in obese
than lean individuals, thus obesity was shown as a major contributor
besity and nonalcoholic fatty liver disease: From pathophysiology to
16/j.metabol.2018.11.014

https://doi.org/10.1016/j.metabol.2018.11.014


6 S.A. Polyzos et al. / Metabolism Clinical and Experimental xxx (xxxx) xxx
to HCC in patients with cryptogenic cirrhosis [112]. NAFLD has been es-
timated to account for 8–14% of HCC incidence in the US veterans, being
relatively stable between 2011 and 2013 [97,113]. Similar contribution
of NAFLD to HCC incidence was reported in a European population
(12%), but its rates were increasing from 2.6% to 19.5% between 1995
and 2014, an increase following the temporal trend in metabolic risk
factors, including overweight/obesity (from 34% to 52% in the same
time frame) [114]. It is noteworthy that HCC could be developed in pa-
tients with NASH even in the absence of cirrhosis [113–115], thereby
rendering NASH management of paramount importance.

It was early reported that obesity and T2DMwere more common in
patients with NASH-related HCC (41% and 50%, respectively) compared
withHCC patients of other etiology (16% and 20%, respectively) [116]. In
a meta-analysis of 11 cohort studies, higher relative risk of liver cancer
was observed in both overweight (1.2) and obese (1.9) compared
with lean individuals [117]. Specifically for HCC, higher adjusted relative
risk of HCC (1.4) was shown in individuals with higher BMI in a 12-year
prospective cohort study [118]. In another 9-year prospective cohort
study, indices of obesity, including BMI, waist circumference, hip cir-
cumference and waist-to-hip ratio were positively associated with
HCC [119]. Among all indices, waist-to-hip ratio showed the strongest
association with HCC (relative risk between extreme tertiles 3.5) in
this study. Besides, weight gain was associated with HCC (relative risk
between extreme tertiles 2.5) [119].

It should be underlined that a higher percentage of patients with
NASH-relatedHCC did not receiveHCC surveillance in the 3 years before
their HCC diagnosis and a lower percentage of them received HCC-
specific treatment compared with patients with HCC of other causes
[113]. This might be partly attributed to the notion that NAFLD is a
generally benign disease, but should be taken into account by health
care providers and policy makers.
3.5. Obesity, NAFLD and Mortality

NASH accompanied by obesity andMetS ismore likely to progress to
the development of end-stage liver disease leading to hepatic and extra-
hepatic mortality [120]. In this regard, obesity has been linked to higher
mortality in NAFLD patients. In a 5-year prospective cohort study,
higher rates of cirrhosis-related hospitalizations or deaths were ob-
served in obese (adjusted hazard ratio 4.1) compared with lean non-
drinkers without cirrhosis at baseline [121]. In an meta-analysis of 57
prospective studies, all-cause mortality (hazard ratio 1.3 per 5 kg/m2

rise in BMI), liver-related mortality, owing mainly to cirrhosis (hazard
ratio 2.2), as well as mortality from hepatic malignancies (hazard ratio
1.5) were shown to increase with increasing BMI [122]. Data from the
third National Health and Nutrition Examination Survey (NHANES III)
showed that obesity was independently associated with liver specific,
but not overall mortality in NAFLD patients after about 14 years of
follow-up [123]. The same group reported that BMI and waist circum-
ference were independently associated with liver-specific mortality in
NAFLD patient with and without elevated liver function tests, respec-
tively, after 14 years of follow-up [124]. A more recent prospective
study provided even more specific results for long-term major out-
comes of obese NAFLD patients, showing that obese have more severe
disease and a worst prognosis than nonobese NAFLD patients [84].
More specifically, during a 4-year follow-up, the rates of major events,
including death, stroke, myocardial infarction, HCC and othermalignan-
cies, were overall higher in the obese than non-obese group (11.9% and
8.3%, respectively); notably, deaths (2.6%) and development of HCC
(0.9%) observed only in the obese group [84]. Although the20-yearmor-
tality of NAFLD-related HCC after liver resection in a European popula-
tion was 36%, being similar to mortality of other major causes of HCC
(i.e., alcoholic, hepatitis B and C) [114], the exact contribution of obesity
tomortality of HCC remains to be shown. Likewise, despite increased co-
morbidities in patients transplanted for NASH-related cirrhosis, major
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morbidity, mortality and graft survival after 90 days were comparable
to those of patients transplanted for other indications [125].

All the aforementioned considered, obesity is a major contributor
and risk factor of NAFLD and it also increases the risk of advanced dis-
ease, including NASH-related cirrhosis and HCC. Except for increasing
all-cause mortality, obesity increases liver-specific mortality. Based on
these considerations, current guidelines suggest that follow-up for
NAFLD is mandatory in obesity [126].

4. Targeting NAFLD by Treating Obesity

Despite the high prevalence of NAFLD worldwide and its associated
morbidity and mortality, it is a seemingly paradox that there is no
medication specifically approved for its treatment [15]. Given this lack
of specific pharmacological interventions, targeting obesity through
lifestyle modification remains the cornerstone of NAFLD management,
as proposed by all guidelines [127].

The main target in the management of NAFLD is the resolution of
NASH. Although it remains to be specifically shown, it is expected that
successful NASH treatment may decrease the progression to advanced
disease (i.e., cirrhosis and HCC) and decline NASH-related mortality
[126]. Apart from the resolution of NASH, histological lesions defining
NASH (i.e., steatosis and inflammation) and fibrosis are also endpoints
of successful management. Specifically, fibrosis is a hard target, but
also the main prognostic histological endpoint of advanced disease
[83]. Weight loss results in the resolution of NASH and the surrogate
histological lesions in a subset of patients. Resolution of NASH is
achieved in 65–90% of patients achieving ≥7% weight loss [128]. It has
been proposed that weight loss of ≥3% is needed to improve steatosis,
≥5% to improve inflammation and ≥10% to improve fibrosis [129].

Based on these observations and given that steatosis is a prerequisite
for the subsequent hepatic inflammation and fibrosis [17], we have
proposed that the prevention or resolution of SS might be a promising
intervention to prevent from the subsequent development of NASH
[130]. Thus, although it remains to be shown, SS seems to be an earlier
and easier target in themanagement of NAFLD,which however requires
the awareness of the physicians and the will of a preventive policy.

As for the management of obesity [131–133], a stepwise approach
also seems to be appropriate for the weight management in NAFLD
patients and is therefore suggested. Since there are not BMI cut-offs
for the use of anti-obesity medications or bariatric surgery specifically
in NAFLD, the same cut-offs recommended in common obesity could
be adopted, until novel data guide us to tailor cut-offs specifically
for NAFLD patients [131–133]. At the first step, the diet and exercise
are recommended. When the first step fails to achieve the targets,
the addition of pharmacotherapy is recommended in individuals with
BMI ≥30 kg/m2 or thosewith BMI ≥27 kg/m2 and obesity-related comor-
bidities. If the combination of lifestyle modification and pharmacother-
apy also fails, then bariatric surgery should be considered in selected
individuals with BMI ≥40 kg/m2 or those with BMI ≥35 kg/m2 and
obesity-related comorbidities [131–133]. Since NAFLD is an obesity-
related comorbidity, the cut-offs of 27 kg/m2 and 35 kg/m2 may be
considered for pharmacotherapy and bariatric surgery, respectively.
Even lower BMI for Asian with NAFLD (32.5 kg/m2) has been recom-
mended as cut-off for bariatric surgery by the Asia-Pacific Working
Party (APWP) [134]. Selected data on these three steps specifically
in NAFLD patients are hereby summarized. Based on existing core
evidence, an obesity-oriented algorithm for the management of NAFLD
is presented in Fig. 2.

4.1. Step 1: Lifestyle Modifications

Clinical evidence for lifestyle modifications in NAFLD derives mainly
from observational studies which only rarely have histological end-
points [20]. Characteristically, a relevant Cochrane database systematic
review was not ended to a meta-analysis, because only one of the
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Fig. 2. An obesity-oriented algorithm for the management of NAFLD. At the first step, diet and exercise are recommended. When the first step fails to achieve the targets, the addition of
pharmacotherapy is recommended in individuals with BMI ≥27 kg/m2, since NAFLD is regarded as an obesity-related comorbidity. If the combination of lifestyle modification and
pharmacotherapy also fails, then bariatric surgery should be considered in selected individuals with BMI ≥35 kg/m2, again because NAFLD is considered to be an obesity-related
comorbidity. Abbreviations: BMI, body mass index; NAFLD, nonalcoholic fatty liver disease.
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included trials was considered to be of low risk of bias [135]. Another
systematic review reported that the beneficial effect of diet and exercise
on IR were evident only in overweight and obese individuals with
NAFLD, thus indicating that weight loss is a major driver in improving
IR and NAFLD indices [136]. An exercise orientedmeta-analysis showed
improvement in steatosis, even at an exercise level below that recom-
mended for the management of obesity and even after achieving mini-
mal or no weight loss [137]. Another meta-analysis of 21 trials also
showed that exercise improved IR and steatosis, but not liver function
tests (LFTs) [138], in contrast to other two meta-analyses showing
exercise-related improvement of LFTs [139,140]. Importantly, one of
them reported that the exercise was more beneficial in more obese in-
dividuals and its effectwasnot associatedwith the intensity of the inter-
ventions or the alterations in diet [140]. Regarding the type of exercise,
current data are inconclusive for the superiority of aerobic or resistance
training. One of the aforementioned meta-analyses reported a trend
of aerobic exercise towards reducing steatosis more than resistance
exercise [140]. Another meta-analysis reported similar efficacy of aero-
bic and resistance exercise to reduce steatosis [141]. However, intensity
and energy consumption needed to achieve a similar result was lower
for resistance than for aerobic exercise, thereby possibly rendering the
former more suitable for NAFLD patients unwilling to participate in
aerobic exercise or those with poor cardiorespiratory fitness [141].
Likewise, a meta-analysis of studies with children NAFLD indicated
that exercise was effective to reduce abdominal and subcutaneous fat,
and hepatic steatosis [142]. The effect of lifestyle interventions on
NAFLD may be more effective in obese children than adults [140].

According to the: a) American Association for the Study of Liver
Diseases (AASLD) [143], b) APWP [134], c) Italian Association for the
study of the Liver (AISF) [144] and d) combined European Association
for the Study of the Liver (EASL), European Association for the Study
of Diabetes (EASD) and European Association for the Study of Obesity
(EASO) [126] guidelines, structured programs are recommended com-
bining a healthy diet and regular physical activity, targeting to a gradual
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weight loss of 7%–10% [126]. AASLD, AISF and EASL/EASD/EASO recom-
mend a deficit of 500–1000 kcal/day, and the APWP a daily consump-
tion of 1200–1600 kcal. The APWP do not favor any specific diet over
the others [134], which is favored by two meta-analyses that did not
show superiority of low carbohydrate or low fat diet on LFTs and hepatic
fat content [139,145]. In line, it was supported that mainly calorie
restriction and not the macronutrient composition drives the hepatic
beneficial effect of a diet [146]. EASL/EASD/EASO [126] and AISF [144]
favor the Mediterranean diet supporting that, apart from weight loss,
it is beneficial for other MetS risk factors closely related with NAFLD
(IR, T2DM, hypertension, CVD) [144].

A high-calorie diet, excess (saturated) fats, processed foods, refined
carbohydrates, sugar-sweetened beverages, a high fructose intake and a
Western diet should be avoided, whereas intake of fruits, vegetables,
grains and omega-3 fatty acids are recommended [126]. Alcohol con-
sumption N30 g/day for men and N20 g/day for women is discouraged,
whereas coffee is not restricted [126]. Although the beneficial effect of
low alcohol consumption remains debatable, some authors reported
that modest alcohol consumption (0.5–1.4 drinks/day) was associated
with lower,whereas alcohol consumption ≥1.5 drinks/daywith increased
all-causemortality in NAFLD patients comparedwith abstinence from al-
cohol [147]. Other studies, however, reported than even modest alcohol
consumption may be harmful in NAFLD patients [148]. Coffee and tea
consumptionmay have a beneficial effect on NAFLD, including hepatic fi-
brosis [149], though more data are needed to reach safer conclusions.
Both EASL/EASD/EASO [126] and APWP [134] recommend a gradual
weight loss, because of a potential adverse effect of crash diets on NASH.

Regarding physical activity, all guidelines propose a combination
of aerobic and resistance training [126,134,143,144], with minor
differences, e.g., AASLD proposes at least 150 min/week of aerobic
and resistance training [143] and EASL/EASD/EASO [126] propose
150–200 min/week in 3–5 sessions. It is recommended that the choice
of diet and exercise should be tailored according to individual prefer-
ences, thus increasing the likelihood of long-term maintenance [126].
besity and nonalcoholic fatty liver disease: From pathophysiology to
16/j.metabol.2018.11.014

https://doi.org/10.1016/j.metabol.2018.11.014


8 S.A. Polyzos et al. / Metabolism Clinical and Experimental xxx (xxxx) xxx
4.2. Step 2: Addition of Pharmacological Interventions

Although lifestyle modifications are the cornerstone in the manage-
ment of NAFLD, as mentioned before, they rarely accomplish and prob-
ably more rarely maintain considerable weight loss [126]. In this case,
anti-obesity medications should be considered to add on diet and exer-
cise. However, in most patients, anti-obesity medications result in
weight loss b10% and then reach a plateau [150,151]. Therefore, they
can rarely reach and retain the goal of 10% proposed for fibrosis resolu-
tion [129]. Another limitation of the pharmacological management of
obesity is that most medications have not been approved for long-
term use. However, since obesity is a chronic disease, like T2DM, long-
term treatment is necessary to maintain the weight loss, otherwise,
the discontinuation of medications leads to weight regain in the major-
ity of patients [152]. Evidence on medications targeting obesity in
NAFLD patients is summarized below and tabulated in Table 1.

4.2.1. Anti-obesity Medications Investigated in NAFLD
Approved anti-obesity medications having been investigated in

NAFLD patients include orlistat and liraglutide, a glucagon-like peptide
(GLP)-1 analog.

4.2.1.1. Orlistat. Orlistat has been approved as anti-obesity medication
since 1998 and 1999 in the USA and Europe, respectively. It is the satu-
rated derivative of lipostatin and acts by inhibiting gastrointestinal and
pancreatic lipases, thus preventing the absorption of approximately one
third of dietary triglycerides, thereby promoting weight loss. In a 6-
month randomized controlled trial (RCT), orlistat (120 mg TID) de-
creased serum alanine transaminase (ALT) and ultrasonographic evi-
dence of steatosis [153]. In a 6-month case series with obese NASH
patients subjected to paired liver biopsies (n = 14), orlistat reduced
weight, ALT and, noteworthy, steatosis in 10, inflammation in 11 and fi-
brosis in 10 of these patients [154]. Less encouragingwere the results of
another case series of obese NASH patients subjected to paired liver
biopsy (n = 10): steatosis was reduced in 6, inflammation in 2 and fi-
brosis in 1 (whereas fibrosis worsened in another one) of these patients
[155]. Finally, a 9-month RCT comparing vitamin E (800 IU daily)mono-
therapy with the combination of vitamin E and orlistat (120 mg TID)
failed to show an additive effect of orlistat on NAFLD [156]. More specif-
ically, LFTs, hepatic steatosis and inflammation, and NAS were similarly
improved in both groups, possibly due to the fact that more weight loss
was not achieved in the combination group compared to vitamin E
monotherapy. When the patients were stratified according to weight
loss instead of treatment group, IR and steatosis were improved in pa-
tients with weight loss N5%, and further improvement in inflammation,
Table 1
Potential effects of weight lowering medications on insulin resistance, ALT, NAS, and hepatic
studies).

Medication Insulin resistance ALT NAS

Lipase inhibitors
Orlistat Decrease Decrease Unknown

GLP-1 analogs
Liraglutide Decrease Decrease Decrease
Exenatide Decrease Decrease Limited data
Lixisenatide Limited data Limited data Unknown
Dulaglutide Decrease Decrease Unknown

SGLT-2 inhibitors
Dapagliflozin Decrease Decrease Unknown
Canagliflozin Decrease Decrease Unknown
Ipragliflozin Decrease Decrease Unknown
Empagliflozin Decrease Decrease Unknown

FXR ligands
Obeticholic acid Decrease Decrease Decrease

Abbreviations: ALT, alanine transaminase; FXR, farnesoid X receptor; GLP, glucagon-like pept
score; SGLT, sodium-glucose cotransporter.
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including ballooning, and NASwere observed in those achievingweight
loss N9% [156]. This study implies that the improvement in hepatic his-
tology is driven by weight loss and not orlistat. In a meta-analysis,
orlistat was shown to improve BMI, LFTs and IR, but not liver fibrosis.
Similar resultswere observed in patientswith SS andNASH, thereby im-
plying that orlistatmight be used to improve LFTs andMetS parameters,
but with limited efficacy on liver fibrosis [157].

Adverse effects of orlistat are usually mild-to-moderate gastrointes-
tinal ones, including abdominal pain, oily spotting or stools, diarrhea,
fecal urgency and incontinence, and flatus with discharge, owing to
malabsorption of dietary lipids. Only rarely, cases of hepatic adverse
effects (cholelithiasis, cholestatic hepatitis and subacute liver failure)
and acute kidney injury have been reported [158], though the mecha-
nism linking themwith orlistat remains obscure. Orlistatmay also inter-
act with the absorption of fat-soluble drugs (e.g., warfarin, amiodarone,
cyclosporine, thyroxine) and vitamins (A, D, E and K) [158].

4.2.1.2. Glucagon-like Peptide-1 Analogs. GLP-1 analogs, including
exenatide, liraglutide, lixisenatide, dulaglutide, albiglutide and
semaglutide, are mainly anti-diabetic medications [159]. Owing to
their weight loss properties, liraglutide (3 mg subcutaneously QD)
has been approved as anti-obesity medication since 2014 and 2015 in
the USA and Europe, respectively. By activating the GLP receptors,
GLP-1 analogs slow gastric emptying, decrease appetite, and increase
postprandial satiety and fullness, beyond their insulin-stimulating and
glucagon-inhibiting effects [159].

Liraglutide appears to decrease metabolic dysfunction, IR and
lipotoxicity in the main organs contributing to the pathogenesis of
NASH [160]. Liraglutide was initially administered in obese NAFLD
patients with prediabetes at a lower dose (0.9 mg QD) than that later
approved for obesity in a prospective uncontrolled study [161]. After
a 5-month treatment, liraglutide reduced weight, LFTs, visceral fat and
hepatic fat (evaluated by computed tomography [CT]). Notably, in
a subgroup of patients (n = 10) that continued liraglutide treatment
for about 2 years and were subjected to paired liver biopsy, NAS
was improved in eight, remained stable in one and worsened in one
patient, and fibrosis was improved in six, remained stable in three
and worsened in one patient [161]. Later, in a 1-year phase 2 RCT in
overweight/obese NASH patients with paired liver biopsies, definite
NASH was resolved in 39% of patients in liraglutide group (1.8 mg QD)
vs. 9% in placebo (relative risk 4.3). Moreover, higher rates of fibrosis
progression were observed in placebo vs. liraglutide group (36%
vs. 9%; relative risk 0.2) [162]. In another 6-month RCT, liraglutide
(3 mg QD) was shown to be similarly effective with the combination
of diet and aerobic exercise in reducing weight, hepatic fat (evaluated
steatosis, inflammation and fibrosis in patients with NAFLD (data derived from clinical

Hepatic steatosis Hepatic inflammation Hepatic fibrosis

Decrease Decrease No change

Decrease Possible decrease Limited data
Decrease Limited data Limited data
Unknown Unknown Unknown
Unknown Unknown Limited data

Decrease Unknown Limited data
Unknown Unknown Unknown
Decrease Unknown Limited data
Decrease Unknown Unknown

Decrease Decrease Decrease

ide; NAFLD, nonalcoholic fatty liver disease; NAS, nonalcoholic fatty liver disease activity
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bymagnetic resonance imaging [MRI]) andALT in obeseNAFLDpatients
[163]. Similarly, liraglutide (1.2mgQD) reducedweight, visceral fat, he-
patic fat (evaluated by magnetic resonance spectroscopy [MRS]) and
ALT levels in obese T2DM patients [164]. Data from a Canadian registry,
showed that liraglutide reduced ALT levels in obese T2DMpatients after
a 5-month treatment, though did not remain robust after adjustment
for weight loss [165]. When liraglutide was compared with metformin
and gliclazide in NAFLD patients with T2DM in a 6-month RCT,
all three medications reduced hepatic fat (evaluated by MRI), but
the effect of liraglutide was greater with that of gliclazide [166]. As
expected, when patients were stratified according to their weight loss,
hepatic fat reduction was greater in those having lost ≥5% of weight.
ALT and AST significantly decreased after liraglutide and metformin,
but not gliclazide treatment, in this study [166]. On the contrary,
another 4-month RCT did not show significant effect of liraglutide on
hepatic fat (evaluated by MRS) and noninvasive indices of fibrosis in
overweight/obese patients with T2DM [167]. The reasons for the con-
flicting results compared with the previous studies are unknown; how-
ever, it could be hypothesized that a 4-month treatment may be not
sufficient for liraglutide to improve hepatic histology, especiallyfibrosis.

Apart from liraglutide, no other GLP-1 analog is currently approved
for the treatment of obesity. However, there are few data regarding
the hepatic effect of other GLP-1 analogs in obese with NAFLD. Based
on a dynamic positron emission tomography study, exenatide was
shown to decrease both hepatic and adipose tissue IR [168], which are
regarded as key players in the pathogenesis of NAFLD [17]. In a prospec-
tive 7-month uncontrolled study with paired liver biopsies, exenatide
(5–10 μg BID) provided variable results: NAS was improved in three of
eight patients; fibrosis improved in four, remained stable in three
and worsened in one patient [169]. In a 6-month RCT, exenatide re-
duced weight and hepatic fat (evaluated by MRS) more effectively
than other standard anti-diabetic treatment [170]. Exenatide also
appeared to be superior to metformin in reducing weight and LFTs
after a 3-month treatment [171]. In a 1-year RCT, the combination of
exenatide (10 μg BID) and pioglitazone (45 mg QD) reduced ALT and
hepatic fat (evaluated by MRS) more effectively than pioglitazone
alone, when added on metformin in obese T2DM patients [172].
Notably, the increase in weight observed in pioglitazone group was
Table 2
Main mechanisms of action, weight loss effect, complications and contraindications of anti-ob
disease.

Medication Main mechanisms of action Mean effect on
weight loss (%)

Phenterminea Sympathomimetic amine suppressing
appetite by acting in CNS

3–5%

Diethylpropiona Sympathomimetic amine suppressing
appetite by acting in CNS

Not well
established

Phendimetrazinea Sympathomimetic amine suppressing
appetite by acting in CNS

Not well
established

Benzphetaminea Sympathomimetic amine suppressing
appetite by acting in CNS

Not well
established

Lorcaserin Selective 5HT2C receptor agonist
suppressing appetite and promoting
satiety by acting in CNS

3–5%

Phentermine/topiramate Phentermine: as above
Topiramate: GABA agonist and glutamate
antagonist suppressing appetite and
promoting satiety by acting in CNS

4–8%

Bupropion/naltrexone Bupropion: norepinephrine and
dopamine reuptake inhibitor, and
nicotinic acetylcholine receptor
antagonist suppressing appetite and
increasing EE by acting in CNS
Naltrexone: mu- and kappa-opioid
receptor antagonist preventing any
orexigenic effect of bupropion
by acting in CNS

3–6%

Abbreviations: 5HT2C, 5-hydroxytryptamine 2C; CNS, central nervous system; CVD, cardiovasc
a Approved for short-term use (b12 weeks) due to side effects.
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attenuated in the exenatide/pioglitazone group [172]. Furthermore, the
combination of exenatide and insulin glargine was shown to decrease
LFTs and reverse hepatic steatosis (evaluated by ultrasonography)
more effectively than the intensive insulin therapy (insulin glargine
and insulin aspart) in another 4-month RCT with obese with T2DM
and NAFLD [173].

In a meta-analysis of 12 RCTs, lixisenatide improved ALT in patients
with T2DM; importantly, this effect was shown to be limited only in
overweight/obese patients [174]. In a 12-week uncontrolled study,
dulaglutide decreasedweight, ALT and, notably, liver stiffness (evaluated
by transient elastography), a marker of hepatic fibrosis [175]. A large
phase 2 RCT investigating the safety and efficacy of semaglutide specifi-
cally in NASH patients is currently running (NCT02970942).

The main adverse effects of GLP-1 analogs are gastrointestinal, in-
cluding nausea, vomiting, diarrhea, constipation, dyspepsia, abdominal
pain, flatulence and bloating. Despite the initial considerations, the
risk of pancreatitis and pancreatic cancer does not seem to increase
[176]. Contraindications for GLP-1 analogs include medullary thyroid
carcinoma or type 2 multiple endocrine neoplasia, owing to a prolifera-
tive effect of liraglutide on thyroid C-cells shown in rodent studies [159].

4.2.2. Anti-obesity Medications Not Investigated in NAFLD
There are some more anti-obesity medications approved by

FDA, which, however, have not as yet investigated in obese patients
with NAFLD. They include lorcaserin, phentermine hydrochloric,
diethylpropion, phendimetrazine, benzphetamine and the combina-
tions phentermine/topiramate and naltrexone/bupropion. Their main
effects and contraindications in obesity are summarized in Table 2.
Given their weight loss effect, a beneficial effect on NAFLD is also
expected and, therefore, starting clinical trials in obese patients with
NASH is recommended.

4.2.3. Medications with a Weight-lowering Effect Not Approved for Obesity
There are also medications substantially reducing weight, such as

the sodium-glucose cotransporter (SGLT)-2 inhibitors and the farnesoid
X receptor (FXR) ligands, though they have not been approved as anti-
obesity medications.
esity medications having not been investigated in patients with nonalcoholic fatty liver

Main adverse effects (N10%) Main contraindications

Dry mouth, insomnia, dizziness,
palpitations, flushing, fatigue

CVD, severe hypertension, glaucoma,
hyperthyroidism, drug abuse

Dry mouth, insomnia, constipation CVD, severe hypertension, glaucoma,
hyperthyroidism, drug abuse

Similar to those of phentermine
and diethylpropion

CVD, severe hypertension, glaucoma,
hyperthyroidism, drug abuse

Similar to those of phentermine
and diethylpropion

CVD, severe hypertension, glaucoma,
hyperthyroidism, drug abuse

Headache, upper respiratory tract
infection, nasopharyngitis

Valvulopathy, pulmonary hypertension,
severe renal disease, psychosis, suicidal
ideation

Dry mouth, paresthesia, upper
respiratory tract infection,
nasopharyngitis, constipation, headache

CVD, severe hypertension, glaucoma,
hyperthyroidism, drug abuse

Nausea, vomiting, constipation, headache Severe hypertension, seizures, bulimia
or anorexia nervosa, opioid abuse

ular disease; EE, energy expenditure; GABA, gamma-aminobutyric acid.
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4.2.3.1. SGLT-2 Inhibitors. SGLT-2 inhibitors, including canagliflozin,
dapagliflozin, empagliflozin, ertugliflozin, ipragliflozin and luseogliflozin,
have been introduced for the treatment of T2DM [159]. SGLT-2 inhibitors
prevent the reabsorption of glucose at the nephron, thus the resulting
glycosuria improves the glycemic control and leads to weight loss,
which is more marked in patients with worse glycemic control and de-
creases as it improves [177].

Dapagliflozin improved visceral fat, LFTs and hepatic steatosis, and
showed a trend towards improvement of liver stiffness (evaluated by
transient elastography) in T2DM patients with NAFLD (mean baseline
BMI 27.6 kg/m2) in a 6-month RCT [178]. In another 6-month uncon-
trolled study in obese NASH patients with T2DM, dapagliflozin also de-
creased weight, visceral fat and LFTs [179]. In a retrospective study, the
combination of dapagliflozin and metformin reduced ALT and weight
more effectively than the combination of metformin and dipeptidyl
peptidase (DPP)-4 inhibitors; notably, this result remain robust after
adjustment for weight loss [180]. Data from the aforementioned
Canadian registry, also showed that both dapagliflozin and canagliflozin
reduced ALT levels in obese T2DM patients after a 5-month treatment,
which remained robust after adjustment for weight loss [165]; greater
ALT reduction was observed in patients with higher baseline ALT
levels [165].

Canagliflozin decreased ALT in T2DM with abnormal ALT levels
(mean baseline BMI 27.7 kg/m2), but not in those with normal ALT
levels (mean baseline BMI 24.7 kg/m2) in a post-hoc pooled analysis of
two studies [181]. A pooled analysis of six studies showed a lowering ef-
fect of canagliflozin on LFTs in T2DM patients [182]. A meta-analysis
also showed a beneficial effect of canagliflozin on LFTs in T2DMpatients
[183]. However, a subgroup analysis for obesity was not performed
in either study [182,183]. In a retrospective study, canagliflozin or
ipragliflozin treatment for 6 months in T2DM patients with NAFLD
(mean baseline BMI 29.6 kg/m2) reduced weight, ALT and AST [184].
In a 6-month uncontrolled prospective cohort study, canagliflozin re-
duced weight, LFTs and FIB-4, a noninvasive index of hepatic fibrosis
[185].

Ipragliflozin reduced hepatic fat (evaluated by CT) and LFTs similarly
to pioglitazone in T2DM patients with NAFLD (mean baseline BMI 30.7
and 29.9 kg/m2, respectively) in a 6-month RCT; nonetheless, weight,
visceral and subcutaneous fat decreased only after ipragliflozin treat-
ment [186]. Likewise, in a 4-month uncontrolled study in T2DMpatients
(mean baseline BMI 29.7 kg/m2), ipragliflozin reduced weight and fatty
liver index, a noninvasive marker of steatosis [187]. In another uncon-
trolled retrospective study, ipragliflozin, added on GLP-1 analogs or
DPP-4 inhibitors, in T2DM patients with NAFLD and abnormal ALT
(mean baseline BMI 30.1 kg/m2) resulted in weight loss, and reduc-
tion in ALT and FIB-4 after a median treatment of about 11 months
[188].

Empagliflozin reduced weight, hepatic fat (evaluated by MRI) and
ALT in T2DM patients with NAFLD (mean baseline BMI 30.0 kg/m2) in
a 5-month RCT [189]. Luseogliflozin reduced weight and hepatic fat
(evaluated by CT) more effectively than metformin in T2DM patients
with NAFLD (mean baseline BMI 27.9 kg/m2) in another 6-month RCT
[190]. In a post-hoc pooled analysis of two studies, empagliflozin re-
duced ALT independently from weight loss, especially in those with
high baseline ALT levels [191].

All the aforementioned considered, a beneficial hepatic effect
of SGLT-2 has been shown in patients with NAFLD and T2DM, obese
to the most. Nevertheless, more studies with histological outcomes are
required in obese patients with NAFLD.

The main adverse effects of SGLT-2 are mycotic genitourinary infec-
tions, which seem to be commoner in women than men [159]. Symp-
toms of osmotic diuresis (e.g., polyuria, nocturia, thirst, dry mouth) or
owing to low blood volume (e.g., postural dizziness, hypotension)
may also occur. Notably, there is consideration regarding ketoacidosis,
even with mild hyperglycemia in T2DM, although the mechanism has
not been elucidated [159].
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4.2.3.2. FXR Ligands. Apart from its central role in bile acid metabolism,
the activation of the FXR regulates the expression of various genes, cru-
cial for lipid, glucose and lipoprotein metabolism, thus being possibly
important for NAFLD [192]. In this regard, FXR ligands, such as
obeticholic acid, have emerged as promising candidates for the treat-
ment of NASH. FXR are nuclear receptors, whose activation result in re-
ducing bile acids synthesis and their toxic accumulation, but also in
decline of IR, hepatic gluconeogenesis and de novo lipogenesis [15]. In
a 6-week phase 2 RCT, obeticholic acid (25 or 50 mg QD) decreased
IR, LFTs and weight (in a dose-dependent manner) in patients with
T2DM and NAFLD [193]. This led to a 17-month RCT (Farnesoid X nu-
clear receptor ligand obeticholic acid for non-cirrhotic NASH [FLINT])
in NASH patients receiving obeticholic acid (25 mg QD), which showed
a favorable effect on hepatic histology (steatosis, inflammation and fi-
brosis) together with a decrease in LFTs and weight loss [194]. Never-
theless, pruritus was observed in 23% of patients as well as an adverse
effect in lipid profile, which tempered the positive results of the study
[194]. More conclusive results are expected by a phase 3 RCT evaluating
the effect of obeticholic acid on NASH patients with fibrosis (REGENER-
ATE), which is about to end in 2022 (NCT02548351). Despite the sub-
stantial number of patent applications claiming steroidal and non-
steroidal FXR agonists, numerous questions on their therapeutic poten-
tial in NASH and cholestasis remain open leaving an area for the devel-
opment of novel therapeutic agents [195].

4.3. Step 3: Surgical Interventions

Bariatric surgery may be considered in selected morbidly obese
NAFLD patient unresponsive to lifestyle modifications and pharmaco-
therapy, as proposed by AASLD [143], EASL/EASD/EASO [126] and
APWP [134] guidelines. The goal of 10%, which is considered to improve
hepatic fibrosis [129], is usually achieved after bariatric interventions,
which, however, are amputational with potential complications [196].
Nonetheless, progressive weight regain has been observed after some
types of bariatric interventions, especially the restrictive ones [196].
A network meta-analysis reported that, although all bariatric interven-
tions result in more effective weight loss compared with standard
care, diversionary and intermediate (diversionary/restrictive) interven-
tions, albeit more amputational, were superior than purely restrictive
ones in weight loss [197]. By comparing two widespread interventions,
Roux-en-Y gastric bypass (RYGB), being intermediate, and adjustable
gastric banding (AGB), being restrictive, the former leads to greater
weight loss, but also to more adverse effects compared to the latter
[197]. A more recent meta-analysis of cohort studies with morbidly
obese NAFLDpatients, reported that bariatric surgery resulted in resolu-
tion of hepatic steatosis, ballooning and fibrosis in 66%, 50% and 40% of
patients, respectively [198].Wewould like to selectively present hereby
the core evidence for bariatric surgery in NAFLD.

In a 3-year retrospective study, sleeve gastrectomy resulted in the
remission of NAFLD in 89% of patients [199]. Improvement or resolution
of steatosis, fibrosis and NASH were reported in 92%, 66% and 81% of
patients, respectively, subjected to bariatric interventions in a meta-
analysis of observational studies; notably, the rates of complete resolu-
tion of NASH was 66% [200]. Another meta-analysis, specific for
intragastric balloons, showed decrease in LFTs, steatosis and NAS six
months post-surgery [201]. Favorable effects on LFTs and histological
outcomes were also shown in another systematic review of observa-
tional studies with pooled analysis: the weighted mean decrease in
the incidence of steatosis, ballooning, lobular inflammation and fibrosis
were 50%, 68%, 51% and 12%, respectively [202]. More moderate results
were reported in another systematic review of cohort studies: reduction
in LFTs following bariatric interventions was reported in almost half of
the cohort studies (11 of 21) [203]. More importantly, improvement
in hepatic steatosis, inflammation and fibrosis were shown in 18, 11
and six studies, respectively. Noteworthy, worsening in fibrosis was
also reported in four studies [203].
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Regarding the specific interventions, data from head-to-head com-
parisons are scarce, but RYGB may be superior to AGB, similarly to
their aforementioned weight loss effects [197]. However, current data
should be cautiously interpreted due to lack of randomization in most
studies. Greater reduction in IR, NAS and steatosis were shown after
RYGB than AGB in a large 5-year cohort study, which were evident at
the first year and stable thereafter [204]. Nonetheless, similar rates of
regression of bridging fibrosis were observed in those subjected to
RYGB or AGB [204]. In another 1-year cohort study with morbidly
obese NASH patients, the rates of NASH resolution was overall 85%,
but higher rates were achieved after RYGB than AGB [205]. Specifically,
patients subjected to AGB had higher rates of persistent NASH (30%)
than those subjected to RYGB (8%) [205].

Regarding cirrhosis, limited data support that bariatric surgery
decreases the risk of cirrhosis in NAFLD patients subjected to bariatric
surgery. More specifically, in a US nationwide, retrospective study
(2004–2012), the rate of subsequent cirrhosis was much lower in mor-
bidly obese NAFLD patients subjected to bariatric surgery (1.5%) than
those not subjected to bariatric surgery (11.1%) [206]. The same
group, also reported lower rates of HCC in morbidly obese patients sub-
jected to bariatric surgery than not (prevalence ratio 0.11), although
this study did not include only NAFLD patients [207]. Nonetheless,
there are considerations about patients with NASH-related cirrhosis
subjected to bariatric surgery, which is diagnosed at the time of surgery
in most cases. It has been proposed that the presence of cirrhosis at the
time of bariatric surgery may be associated with higher peri-operative
risks andmortality, especially in patients with decompensated cirrhosis
[127]. There are cases of decompensation following bariatric surgery in
patients with cirrhosis diagnosed at the time of surgery [208]. In a sys-
tematic review, higher than usual risk of complications and mortality
were observed in patients with cirrhosis subjected to bariatric surgery
(mostly diagnosed at the time of surgery) [209]. Collectively, complica-
tions were observed in 21% of patients, including liver decompensation
(6.6%), early mortality (1.6%) and late mortality (2.5%) [209]. However,
this systematic review included patients with cirrhosis of various
diseases, i.e., not being specifically NASH-related. On the other hand,
other authors did not observe higher post-surgery complications in
NAFLD patients with F3/F4 compared with F1/F2 stages subjected to
bariatric surgery [210]. However, it is underlined that the length of hos-
pital stay was a little longer in the former group and, more importantly,
only patients of the former group developed end-stage liver disease
(4%) at one year post-surgery [210]. In another retrospective study,
early complications occurred in 9 of 30 patients with NASH-related
cirrhosis subjected to RYGB, most of them being minor, apart from
one patient experiencing anastomotic leak [211]. Furthermore, one
patient died within one year post-surgery owing to esophageal cancer
[211]. Although more data are needed, in our opinion, there is need
for careful pre-operative assessment, so as to exclude patients with
cirrhosis, especially decompensated.

Considerations still exist about the potential worsening of hepatic
histology following drastic weight loss after bariatric surgery. In
the aforementioned meta-analysis, de novo or worsened NAFLD was
shown in 12% of patients after bariatric surgery [198]. Specifically, in
some morbidly obese patients, rapid weight loss preceded the onset of
NASH [100]. Other authors reported that steatosis was reduced, but
the incidence of lobular inflammation was increased after bariatric sur-
gery [212]. There are also cases with advanced NASH occurring after
rapid weight lost following bariatric surgery, who died or needed liver
transplantation [213]. In our opinion, the close surveillance of patients
may be the key to avoid the very rapid weight loss post-surgery, until
more data clarify this issue.

Limited data have to-date assessed all-cause and liver-specific mor-
tality in NAFLD patients subjected to bariatric surgery. In the aforemen-
tioned US nationwide study (2004–2012), the in-hospitalmortalitywas
lower in morbidly obese NAFLD patients subjected to bariatric surgery
than in those who were not (incidence risk ratio = 0.08) [206]. In
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another retrospective study (Geneva cohort) with long-term follow-
up (median 10 years), lower mortality was observed in morbidly
obese subjected to bariatric surgery compared with propensity score–
matched individuals of theNHANES III not subjected to bariatric surgery
[214]. However, mortality was similar in NASH patients subjected to
bariatric surgery compared with matched individuals [214]. Addition-
ally, NASH was independently associated with all-cause mortality; pa-
tients with NAS ≥5 had higher mortality than patients with a NAS ≤2,
and patients with F1 and F ≥ 2 had higher mortality than patients with-
out fibrosis [214]. Although intriguing, this study did not prove that bar-
iatric surgery per se is the cause of higher mortality, which may be
attributed to the advanced disease itself. Further adequately powered,
prospective cohort studies are required to clarify the effect of bariatric
surgery on mortality in NAFLD patients, especially those with NASH.

Although more data are needed, individualized bariatric surgery
may be suitable for selected morbidly obese NAFLD patients unrespon-
sive to previous lifestyle modifications and pharmacological treatment.
Recent data do not favor bariatric surgery in morbidly obese patients
with NASH-related cirrhosis. In line, EASL/EASD/EASO guidelines sug-
gest that the possible benefits of bariatric surgery in severely obese
NAFLD patients should be balanced against its possible peri- and post-
operative complication risks [126].

5. Treating NAFLD by Targeting Fat Redistribution

The concept of MHO vs. MUHO vs. MONW, primarily based on body
fat distribution and the presence or absence of ectopically deposited fat
in the liver and elsewhere when storage space in subcutaneous adipose
tissue is limited, becomes clinically relevant in the case of the potential
use of thiazolidinediones (TZDs; pioglitazone and rosiglitazone), which
are peroxisome proliferator activated receptor (PPAR)-γ ligands, in
NAFLD patients. There is a seemingly paradox for PPAR-γ agonists, in
the treatment of NAFLD, as elsewhere summarized [215]. In brief,
PPAR-γ agonists, including TZDs, have provided promising results for
the treatment of NAFLD, improving steatosis and inflammation,
although their effect on fibrosis is marginal, possibly owing to the lack
of long-term trials [215]. On the other hand, weight gain (mean increase
2.0–3.5 kg) is a main adverse effect of PPAR-γ agonists. The prevailing
explanation to this seemingly paradox is that PPAR-γ agonists, includ-
ing TZDs, beyond any fluid retention, result in adipose tissue redistribu-
tion, i.e., fat is redistributed from the abdominal (including the liver)
stores to the subcutaneous ones, i.e., from ectopic to normotopic distri-
bution, thus decreasing IR and consequently NAFLD severity. Further-
more, despite weight gain that usually results in adiponectin decrease,
PPAR-γ agonists, lead to substantial increase in adiponectin, by inducing
adiponectin production and secretion apparently due to fat redistribu-
tion from intra-abdominal to subcutaneous fat; this by far supersede
any effect of the medications on body weight [215]. Despite weight
gain, most NAFLD patients in RCTs with TZDs were overweight/obese
[215], which renders PPAR-γ agonists, including TZDs and non-TZD se-
lectivemodulators, such as INT 131 (see below), promisingmedications
for the treatment of NAFLD patients, regardless of their weight. PPAR-γ
agonists may be more suitable in MONW than obese with NAFLD,
since the normal BMI of the former limits concerns about the weight
gaining effect of PPAR-γ agonists; in this regard, head-to-head compar-
ative studies investigating the effect of PPAR-γ agonists on obese vs.
MONW with NAFLD may be enlightening.

To overcome weight gain and other adverse effects of PPAR-γ
agonists, including TZDs (e.g., edema, fluid retention, negative impact
on bone metabolism), selective PPAR-γ modulators (SPPARMs), in-
cluding INT131, have been developed [215]. INT131 was well-tolerated,
increased adiponectin and improved glycemic control in T2DM patients
at least as full dose pioglitazone did. Importantly INT131 resulted in
much less edema in relation to pioglitazone [215]. Based on these prop-
erties, INT131 and other SPPARMs are regarded as promising candidates
for NASH treatment.
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6. Closing Remarks

This review supports the association of obesity with NAFLD and
its severity, based on pathophysiological and epidemiological data.
Therefore, targeting obesity or fat redistribution may play a central
role for NAFLD management. However, there are many issues that re-
main to be elucidated.

First, it is largely unknown whether the combination of obesity and
NAFLD synergistically affect morbidity (e.g., T2DM, hypertension, CVD)
andmortality, beyond the separate effect of obesity andNAFLDon them.
If this is the case, then treatment of both obesity and NAFLD is expected
to improve the outcome more than separately treating obesity or
NAFLD.

Second, other treatments have been also investigated in NASH pa-
tients andmuchmore are under investigation, as elsewhere summarized
[15,216]. Most of them (including vitamin E, statins, pentoxifylline,
ursodeoxycholic acid, omega-3 and probiotics) are weight neutral,
though no definite conclusion could be made for those currently under
investigation.

Moreover, NAFLD is a multifactorial disease, so a multiple-targeted
treatment may be more appropriate for it [83,217]. Apart from obesity,
when other MetS risk factors, including T2DM and dyslipidemia, co-
exist, there is higher risk of NAFLD and advanced disease [10,218]. By
targeting obesity, more than one target is usually achieved, which may
be: decrease in adipose tissue mass; improvement in adipokine profile;
decrease in IR; and decrease in adipose tissue, hepatic and systematic
inflammation. Some medications may have additive benefits, as they
were described above. Nevertheless, in most cases anti-obesity medica-
tions cannot achieve the cut-off of 10% weight loss, set for the improve-
ment of fibrosis [129]. In these cases, combination treatmentwith other
agents targeting different pathogenetic “hits” in a personalized basis
may bemore useful [83,217], though remains to be shown. Concomitant
management of MetS-related co-morbidities, including hypertension,
T2DM and dyslipidemia, is also important [126], possibly following a
diabetes-like approach [83,217]. In the near future, deeper knowledge
of the disease pathogenesis and the decoding of individual genetic foot-
print may allow amore focused and personalized therapeutic approach
[15,83].

Last but not least, prevention rather than treatment of obesity
should be the main goal of policymakers and healthcare systems.
Although it remains to be definitely shown, the earlier the disease ap-
pears and the longer it lasts, possibly the higher the burden of advanced
disease in the future. Considering the increasing prevalence of NAFLD in
children and adolescents, skills towards a healthier lifestyle should be
taught since infancy, aiming at avoiding obesity and its comorbidities,
includingNAFLD, before their appearance render treatment of advanced
disease unavoidable.

Funding

No sources of financial support for this study.

Disclosure Statement

SAP received a consulting fee from InteKrin Therapeutics Inc.; JK: No
conflict of interest; CSM has served as a consultant for Astra Zeneca,
Takeda, Coherus, Aegerion and NovoNordisk and is shareholder of
Coherus, Pangea Inc. and Novo Nordisk.

References

[1] Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al. National,
regional, and global trends in body-mass index since 1980: systematic analysis of
health examination surveys and epidemiological studies with 960 country-years
and 9.1 million participants. Lancet 2011;377:557–67.

[2] Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global,
regional, and national prevalence of overweight and obesity in children and adults
Please cite this article as: S.A. Polyzos, J. Kountouras and C.S. Mantzoros, O
therapeutics, Metabolism Clinical and Experimental, https://doi.org/10.10
during 1980–2013: a systematic analysis for the Global Burden of Disease Study
2013. Lancet 2014;384:766–81.

[3] Inoue Y, Qin B, Poti J, Sokol R, Gordon-Larsen P. Epidemiology of obesity in adults:
latest trends. Curr Obes Rep 2018;7:276–88.

[4] Global BMIMC, Di Angelantonio E, Bhupathiraju Sh N, Wormser D, Gao P, Kaptoge
S, et al. Body-mass index and all-causemortality: individual-participant-datameta-
analysis of 239 prospective studies in four continents. Lancet 2016;388:776–86.

[5] Ma C, Avenell A, BollandM, Hudson J, Stewart F, Robertson C, et al. Effects of weight
loss interventions for adults who are obese on mortality, cardiovascular disease,
and cancer: systematic review and meta-analysis. BMJ 2017;359:j4849.

[6] Withrow D, Alter DA. The economic burden of obesity worldwide: a systematic
review of the direct costs of obesity. Obes Rev 2011;12:131–41.

[7] Wang Y, Beydoun MA, Liang L, Caballero B, Kumanyika SK. Will all Americans be-
come overweight or obese? Estimating the progression and cost of the US obesity
epidemic. Obesity 2008;16:2323–30.

[8] Li L, Liu DW, Yan HY, Wang ZY, Zhao SH, Wang B. Obesity is an independent risk
factor for non-alcoholic fatty liver disease: evidence from a meta-analysis of 21
cohort studies. Obes Rev 2016;17:510–9.

[9] Polyzos SA, Mantzoros CS. Nonalcoholic fatty future disease. Metabolism 2016;65:
1007–16.

[10] Fazel Y, Koenig AB, Sayiner M, Goodman ZD, Younossi ZM. Epidemiology and
natural history of nonalcoholic fatty liver disease. Metabolism 2016;65:1017–25.

[11] Younossi Z, Henry L. Contribution of alcoholic and nonalcoholic fatty liver disease
to the burden of liver-related morbidity and mortality. Gastroenterology 2016;
150:1778–85.

[12] Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, EslamM, et al. Global burden
of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev
Gastroenterol Hepatol 2018;15:11–20.

[13] Kim D, Li AA, Gadiparthi C, KhanMA, Cholankeril G, Glenn JS, et al. Changing trends
in etiology-based annual mortality from chronic liver disease, from 2007 through
2016. Gastroenterology 2018;155:1154–63.

[14] Rinella ME. Nonalcoholic fatty liver disease: a systematic review. JAMA 2015;313:
2263–73.

[15] Mintziori G, Polyzos SA. Emerging and future therapies for nonalcoholic
steatohepatitis in adults. Expert Opin Pharmacother 2016;17:1937–46.

[16] Polyzos SA, Mantzoros CS. Necessity for timely noninvasive diagnosis of nonalco-
holic fatty liver disease. Metabolism 2014;63:161–7.

[17] Polyzos SA, Kountouras J, Zavos C. Nonalcoholic fatty liver disease: the pathoge-
netic roles of insulin resistance and adipocytokines. Curr Mol Med 2009;72:
299–314.

[18] Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-hit pathogenesis of non-
alcoholic fatty liver disease (NAFLD). Metabolism 2016;65:1038–48.

[19] EslamM, Valenti L, Romeo S. Genetics and epigenetics of NAFLD and NASH: clinical
impact. J Hepatol 2018;68:268–79.

[20] Mahady SE, George J. Exercise and diet in the management of nonalcoholic fatty
liver disease. Metabolism 2016;65:1172–82.

[21] Polyzos SA, Kountouras J, Mantzoros CS. Adipose tissue, obesity and non-alcoholic
fatty liver disease. Minerva Endocrinol 2017;42:92–108.

[22] Polyzos SA, Kountouras J, Mantzoros CS. Adipokines in nonalcoholic fatty liver dis-
ease. Metabolism 2016;65:1062–79.

[23] Mota M, Banini BA, Cazanave SC, Sanyal AJ. Molecular mechanisms of
lipotoxicity and glucotoxicity in nonalcoholic fatty liver disease. Metabolism
2016;65:1049–61.

[24] Koukias N, Buzzetti E, Tsochatzis EA. Intestinal hormones, gut microbiota and non-
alcoholic fatty liver disease. Minerva Endocrinol 2017;42:184–94.

[25] Polyzos SA, Kountouras J, Deretzi G, Zavos C, Mantzoros CS. The emerging role of
endocrine disruptors in pathogenesis of insulin resistance: a concept implicating
nonalcoholic fatty liver disease. Curr Mol Med 2012;12:68–82.

[26] Mazzoccoli G, De Cosmo S, Mazza T. The biological clock: a pivotal hub in non-
alcoholic fatty liver disease pathogenesis. Front Physiol 2018;9:193.

[27] Polyzos SA, Mantzoros CS. Leptin in health and disease: facts and expectations at its
twentieth anniversary. Metabolism 2015;64:5–12.

[28] Magkos F, Mantzoros CS. Body fat redistribution and metabolic abnormalities in
HIV-infected patients on highly active antiretroviral therapy: novel insights into
pathophysiology and emerging opportunities for treatment. Metabolism 2011;
60:749–53.

[29] Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt MD, Parks EJ. Sources of
fatty acids stored in liver and secreted via lipoproteins in patients with nonalco-
holic fatty liver disease. J Clin Invest 2005;115:1343–51.

[30] Caviglia GP, Rosso C, Fagoonee S, Saracco GM, Pellicano R. Liver fibrosis: the 2017
state of art. Panminerva Med 2017;59:320–31.

[31] Mendez-Sanchez N, Cruz-Ramon VC, Ramirez-Perez OL, Hwang JP, Barranco-
Fragoso B, Cordova-Gallardo J. New aspects of lipotoxicity in nonalcoholic
steatohepatitis. Int J Mol Sci 2018;19.

[32] Tordjman J, Guerre-Millo M, Clement K. Adipose tissue inflammation and liver
pathology in human obesity. Diabetes Metab 2008;34:658–63.

[33] Boutari C,Mantzoros CS. Inflammation: a key player linking obesity withmalignan-
cies. Metabolism 2018;81:A3–6.

[34] Nati M, Haddad D, Birkenfeld AL, Koch CA, Chavakis T, Chatzigeorgiou A. The
role of immune cells in metabolism-related liver inflammation and develop-
ment of non-alcoholic steatohepatitis (NASH). Rev Endocr Metab Disord
2016;17:29–39.

[35] Angulo P, Machado MV, Diehl AM. Fibrosis in nonalcoholic fatty liver disease:
mechanisms and clinical implications. Semin Liver Dis 2015;35:132–45.

[36] Wells RG, Schwabe RF. Origin and function of myofibroblasts in the liver. Semin
Liver Dis 2015;35:97–106.
besity and nonalcoholic fatty liver disease: From pathophysiology to
16/j.metabol.2018.11.014

http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0005
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0005
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0005
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0005
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0010
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0010
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0010
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0010
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0015
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0015
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0020
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0020
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0020
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0025
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0025
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0025
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0030
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0030
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0035
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0035
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0035
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0040
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0040
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0040
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0045
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0045
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0050
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0050
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0055
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0055
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0055
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0060
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0060
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0060
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0065
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0065
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0065
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0070
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0070
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0075
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0075
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0080
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0080
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0085
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0085
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0085
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0090
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0090
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0095
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0095
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0100
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0100
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0105
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0105
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0110
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0110
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0115
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0115
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0115
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0120
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0120
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0125
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0125
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0125
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0130
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0130
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0135
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0135
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0140
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0140
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0140
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0140
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0145
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0145
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0145
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0150
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0150
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0155
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0155
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0155
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0160
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0160
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0165
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0165
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0170
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0170
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0170
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0170
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0175
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0175
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0180
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0180
https://doi.org/10.1016/j.metabol.2018.11.014


13S.A. Polyzos et al. / Metabolism Clinical and Experimental xxx (xxxx) xxx
[37] Zhou Z, Xu MJ, Cai Y, Wang W, Jiang JX, Varga ZV, et al. Neutrophil-hepatic stellate
cell interactions promote fibrosis in experimental steatohepatitis. Cell Mol
Gastroenterol Hepatol 2018;5:399–413.

[38] Gerhard GS, Legendre C, Still CD, Chu X, Petrick A, Distefano JK. Transcriptomic pro-
filing of obesity-related nonalcoholic steatohepatitis reveals a core set of fibrosis-
specific genes. J Endocr Soc 2018;2:710–26.

[39] Boutari C, Perakakis N, Mantzoros CS. Association of adipokines with development
and progression of nonalcoholic fatty liver disease. EndocrinolMetab (Seoul) 2018;
33:33–43.

[40] Vonghia L, Magrone T, Verrijken A, Michielsen P, Van Gaal L, Jirillo E, et al.
Peripheral and hepatic vein cytokine levels in correlation with non-alcoholic
fatty liver disease (NAFLD)-related metabolic, histological, and haemodynamic
features. PLoS One 2015;10:e0143380.

[41] Swiderska M, Jaroszewicz J, Stawicka A, Parfieniuk-Kowerda A, Chabowski A,
Flisiak R. The interplay between Th17 and T-regulatory responses as well as
adipokines in the progression of non-alcoholic fatty liver disease. Clin Exp Hepatol
2017;3:127–34.

[42] Polyzos SA, Kountouras J, Zavos C, Tsiaousi E. The role of adiponectin in the patho-
genesis and treatment of nonalcoholic fatty liver disease. Diabetes Obes Metab
2010;12:365–83.

[43] Khaleel EF, Abdel-Aleem GA. Obestatin protects and reverses nonalcoholic fatty
liver disease and its associated insulin resistance in rats via inhibition of food
intake, enhancing hepatic adiponectin signaling, and blocking ghrelin acyla-
tion. Arch Physiol Biochem 2018. https://doi.org/10.1080/13813455.2018.
1437638:1-15.

[44] Polyzos SA, Kountouras J, Zavos C. The multi-hit process and the antagonistic roles
of tumor necrosis factor-alpha and adiponectin in nonalcoholic fatty liver disease.
Hippokratia 2009;13:127.

[45] Polyzos SA, Kountouras J, Zavos C, Stergiopoulos C. Adipocytokines in insulin resis-
tance and non-alcoholic fatty liver disease: the two sides of the same coin. Med
Hypotheses 2010;74:1089–90.

[46] Imajo K, Fujita K, YonedaM,Nozaki Y, Ogawa Y, Shinohara Y, et al. Hyperresponsivity
to low-dose endotoxin during progression to nonalcoholic steatohepatitis is regu-
lated by leptin-mediated signaling. Cell Metab 2012;16:44–54.

[47] Polyzos SA, Kountouras J, Mantzoros CS. Leptin in nonalcoholic fatty liver disease:
a narrative review. Metabolism 2015;64:60–78.

[48] Polyzos SA, Kountouras J, Zavos C, Deretzi G. The potential adverse role of leptin re-
sistance in nonalcoholic fatty liver disease: a hypothesis based on critical review of
literature. J Clin Gastroenterol 2011;45:50–4.

[49] Polyzos SA, Aronis KN, Kountouras J, Raptis DD, Vasiloglou MF, Mantzoros CS.
Circulating leptin in non-alcoholic fatty liver disease: a systematic review and
meta-analysis. Diabetologia 2015;59:30–43.

[50] Addy CL, Gavrila A, Tsiodras S, Brodovicz K, Karchmer AW, Mantzoros CS.
Hypoadiponectinemia is associated with insulin resistance, hypertriglyceridemia,
and fat redistribution in human immunodeficiency virus-infected patients
treated with highly active antiretroviral therapy. J Clin Endocrinol Metab 2003;
88:627–36.

[51] Heiker JT, Kosel D, Beck-Sickinger AG. Molecular mechanisms of signal trans-
duction via adiponectin and adiponectin receptors. Biol Chem 2010;391:
1005–18.

[52] Saxena NK, Anania FA. Adipocytokines and hepatic fibrosis. Trends Endocrinol
Metab 2015;26:153–61.

[53] Vonghia L, Francque S. Cross talk of the immune system in the adipose tissue and
the liver in non-alcoholic steatohepatitis: pathology and beyond. World J Hepatol
2015;7:1905–12.

[54] Polyzos SA, Toulis KA, Goulis DG, Zavos C, Kountouras J. Serum total adiponectin in
nonalcoholic fatty liver disease: a systematic review and meta-analysis. Metabo-
lism 2011;60:313–26.

[55] Polyzos SA, Kountouras J, Zavos C. Non-linear distribution of adiponectin in patients
with nonalcoholic fatty liver disease limits its use in linear regression analysis. J Clin
Gastroenterol 2010;44:229–30.

[56] Wu ZJ, Cheng YJ, Gu WJ, Aung LH. Adiponectin is associated with increased mor-
tality in patients with already established cardiovascular disease: a systematic re-
view and meta-analysis. Metabolism 2014;63:1157–66.

[57] Ye J, Liang Z, Liang Q, Zhang J, Mao S, Liang R. Adiponectin is associated with poor
prognosis in carcinoma patients: evidence from a meta-analysis. Lipids Health Dis
2015;14:154.

[58] Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemi-
ology of nonalcoholic fatty liver disease-meta-analytic assessment of prevalence,
incidence, and outcomes. Hepatology 2016;64:73–84.

[59] Wu J, Xu H, He X, Yuan Y,Wang C, Sun J, et al. Six-year changes in the prevalence of
obesity and obesity-related diseases in Northeastern China from 2007 to 2013. Sci
Rep 2017;7:41518.

[60] Kojima S, Watanabe N, Numata M, Ogawa T, Matsuzaki S. Increase in the preva-
lence of fatty liver in Japan over the past 12 years: analysis of clinical background.
J Gastroenterol 2003;38:954–61.

[61] Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold JS, Grundy S, et al.
Magnetic resonance spectroscopy to measure hepatic triglyceride content: preva-
lence of hepatic steatosis in the general population. Am J Physiol Endocrinol
Metab 2005;288:E462–8.

[62] Bedogni G, Miglioli L, Masutti F, Tiribelli C, Marchesini G, Bellentani S. Prevalence of
and risk factors for nonalcoholic fatty liver disease: the Dionysos nutrition and liver
study. Hepatology 2005;42:44–52.

[63] Amarapurkar DN, Hashimoto E, Lesmana LA, Sollano JD, Chen PJ, Goh KL. How
common is non-alcoholic fatty liver disease in the Asia-Pacific region and are
there local differences? J Gastroenterol Hepatol 2007;22:788–93.
Please cite this article as: S.A. Polyzos, J. Kountouras and C.S. Mantzoros, O
therapeutics, Metabolism Clinical and Experimental, https://doi.org/10.10
[64] Bellentani S, Saccoccio G, Masutti F, Croce LS, Brandi G, Sasso F, et al. Prevalence of
and risk factors for hepatic steatosis in Northern Italy. Ann Intern Med 2000;132:
112–7.

[65] van den Berg EH, Amini M, Schreuder TC, Dullaart RP, Faber KN, Alizadeh BZ, et al.
Prevalence and determinants of non-alcoholic fatty liver disease in lifelines: a large
Dutch population cohort. PLoS One 2017;12:e0171502.

[66] Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, et al. Prevalence
of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis among a largely
middle-aged population utilizing ultrasound and liver biopsy: a prospective study.
Gastroenterology 2011;140:124–31.

[67] Ong JP, Elariny H, Collantes R, Younoszai A, Chandhoke V, Reines HD, et al. Predic-
tors of nonalcoholic steatohepatitis and advanced fibrosis in morbidly obese
patients. Obes Surg 2005;15:310–5.

[68] Feijo SG, Lima JM, Oliveira MA, Patrocinio RM, Moura-Junior LG, Campos AB, et al.
The spectrum of non alcoholic fatty liver disease in morbidly obese patients:
prevalence and associate risk factors. Acta Cir Bras 2013;28:788–93.

[69] Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic histology in obese patients
undergoing bariatric surgery. J Hepatol 2006;45:600–6.

[70] Eguchi Y, Hyogo H, Ono M, Mizuta T, Ono N, Fujimoto K, et al. Prevalence and
associated metabolic factors of nonalcoholic fatty liver disease in the general
population from 2009 to 2010 in Japan: a multicenter large retrospective study.
J Gastroenterol 2012;47:586–95.

[71] Chang Y, Jung HS, Cho J, Zhang Y, Yun KE, Lazo M, et al. Metabolically healthy obe-
sity and the development of nonalcoholic fatty liver disease. Am J Gastroenterol
2016;111:1133–40.

[72] Pang Q, Zhang JY, Song SD, Qu K, Xu XS, Liu SS, et al. Central obesity and nonalco-
holic fatty liver disease risk after adjusting for body mass index. World J
Gastroenterol 2015;21:1650–62.

[73] Anderson EL, Howe LD, Jones HE, Higgins JP, Lawlor DA, Fraser A. The prevalence of
non-alcoholic fatty liver disease in children and adolescents: a systematic review
and meta-analysis. PLoS One 2015;10:e0140908.

[74] Kanwal F, Kramer JR, Duan Z, Yu X, White D, El-Serag HB. Trends in the burden of
nonalcoholic fatty liver disease in a United States cohort of veterans. Clin
Gastroenterol Hepatol 2016;14:301–8.

[75] Zimmermann E, Gamborg M, Holst C, Baker JL, Sorensen TI, Berentzen TL. Body
mass index in school-aged children and the risk of routinely diagnosed non-
alcoholic fatty liver disease in adulthood: a prospective study based on the
Copenhagen School Health Records Register. BMJ Open 2015;5:e006998.

[76] Berentzen TL, Gamborg M, Holst C, Sorensen TI, Baker JL. Body mass index in child-
hood and adult risk of primary liver cancer. J Hepatol 2014;60:325–30.

[77] Suomela E, Oikonen M, Pitkanen N, Ahola-Olli A, Virtanen J, Parkkola R, et al.
Childhood predictors of adult fatty liver. The Cardiovascular Risk in Young Finns
Study. J Hepatol 2016;65:784–90.

[78] Mathew H, Farr OM, Mantzoros CS. Metabolic health and weight: understanding
metabolically unhealthy normal weight or metabolically healthy obese patients.
Metabolism 2016;65:73–80.

[79] Prado CM, Gonzalez MC, Heymsfield SB. Body composition phenotypes and obesity
paradox. Curr Opin Clin Nutr Metab Care 2015;18:535–51.

[80] Sookoian S, Pirola CJ. Systematic review with meta-analysis: risk factors for
non-alcoholic fatty liver disease suggest a shared altered metabolic and cardio-
vascular profile between lean and obese patients. Aliment Pharmacol Ther 2017;
46:85–95.

[81] Kim D, Kim W, Joo SK, Kim JH, Harrison SA, Younossi ZM, et al. Predictors of non-
alcoholic steatohepatitis and significant fibrosis in non-obese nonalcoholic fatty
liver disease. Liver Int 2018. https://doi.org/10.1111/liv.13983.

[82] Kim EJ, Kim HJ. Non-alcoholic fatty liver disease in obese and non-obese pediatric
patients. Korean J Pediatr 2018. https://doi.org/10.3345/kjp.2018.06786.

[83] Polyzos SA, Kountouras J, Zavos C, Deretzi G. Nonalcoholic fatty liver disease:
multimodal treatment options for a pathogenetically multiple-hit disease. J Clin
Gastroenterol 2012;46:272–84.

[84] Leung JC, Loong TC, Wei JL, Wong GL, Chan AW, Choi PC, et al. Histological severity
and clinical outcomes of nonalcoholic fatty liver disease in nonobese patients.
Hepatology 2017;65:54–64.

[85] Sookoian S, Pirola CJ. Systematic review with meta-analysis: the significance of
histological disease severity in lean patients with nonalcoholic fatty liver disease.
Aliment Pharmacol Ther 2018;47:16–25.

[86] Wanless IR, Lentz JS. Fatty liver hepatitis (steatohepatitis) and obesity: an autopsy
study with analysis of risk factors. Hepatology 1990;12:1106–10.

[87] Fracanzani AL, Petta S, Lombardi R, Pisano G, Russello M, Consonni D, et al. Liver
and cardiovascular damage in patients with lean nonalcoholic fatty liver disease,
and associationwith visceral obesity. Clin Gastroenterol Hepatol 2017;15:1604–11.

[88] Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and
natural history of non-alcoholic fatty liver disease and non-alcoholic steatohepatitis
in adults. Aliment Pharmacol Ther 2011;34:274–85.

[89] Fassio E, Alvarez E, Dominguez N, Landeira G, Longo C. Natural history of nonalco-
holic steatohepatitis: a longitudinal study of repeat liver biopsies. Hepatology
2004;40:820–6.

[90] Adams LA, Sanderson S, Lindor KD, Angulo P. The histological course of nonalco-
holic fatty liver disease: a longitudinal study of 103 patients with sequential liver
biopsies. J Hepatol 2005;42:132–8.

[91] Ekstedt M, Franzen LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, et al.
Long-term follow-up of patientswithNAFLD and elevated liver enzymes. Hepatology
2006;44:865–73.

[92] Palekar NA, Naus R, Larson SP, Ward J, Harrison SA. Clinical model for
distinguishing nonalcoholic steatohepatitis from simple steatosis in patients with
nonalcoholic fatty liver disease. Liver Int 2006;26:151–6.
besity and nonalcoholic fatty liver disease: From pathophysiology to
16/j.metabol.2018.11.014

http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0185
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0185
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0185
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0190
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0190
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0190
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0195
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0195
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0195
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0200
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0200
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0200
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0200
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0205
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0205
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0205
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0205
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0210
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0210
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0210
https://doi.org/10.1080/13813455.2018.1437638:1-15
https://doi.org/10.1080/13813455.2018.1437638:1-15
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0220
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0220
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0220
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0225
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0225
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0225
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0230
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0230
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0230
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0235
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0235
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0240
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0240
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0240
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0245
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0245
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0245
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0250
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0250
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0250
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0250
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0250
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0255
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0255
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0255
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0260
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0260
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0265
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0265
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0265
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0270
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0270
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0270
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0275
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0275
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0275
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0280
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0280
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0280
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0285
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0285
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0285
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0290
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0290
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0290
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0295
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0295
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0295
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0300
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0300
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0300
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0305
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0305
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0305
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0305
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0310
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0310
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0310
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0315
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0315
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0315
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0320
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0320
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0320
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0325
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0325
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0325
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0330
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0330
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0330
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0330
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0335
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0335
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0335
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0340
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0340
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0340
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0345
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0345
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0350
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0350
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0350
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0350
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0355
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0355
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0355
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0360
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0360
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0360
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0365
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0365
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0365
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0370
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0370
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0370
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0375
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0375
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0375
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0375
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0380
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0380
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0385
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0385
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0385
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0390
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0390
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0390
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0395
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0395
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0400
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0400
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0400
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0400
https://doi.org/10.1111/liv.13983
https://doi.org/10.3345/kjp.2018.06786
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0415
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0415
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0415
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0420
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0420
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0420
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0425
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0425
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0425
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0430
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0430
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0435
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0435
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0435
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0440
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0440
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0440
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0445
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0445
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0445
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0450
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0450
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0450
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0455
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0455
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0455
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0460
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0460
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0460
https://doi.org/10.1016/j.metabol.2018.11.014


14 S.A. Polyzos et al. / Metabolism Clinical and Experimental xxx (xxxx) xxx
[93] Younossi ZM, Page S, Rafiq N, Birerdinc A, Stepanova M, Hossain N, et al. A bio-
marker panel for non-alcoholic steatohepatitis (NASH) and NASH-related fibrosis.
Obes Surg 2011;21:431–9.

[94] Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell GC, et al. The NAFLD
fibrosis score: a noninvasive system that identifies liver fibrosis in patients with
NAFLD. Hepatology 2007;45:846–54.

[95] Ratziu V, Giral P, Charlotte F, Bruckert E, Thibault V, Theodorou I, et al. Liver fibrosis
in overweight patients. Gastroenterology 2000;118:1117–23.

[96] Harrison SA, Oliver D, Arnold HL, Gogia S, Neuschwander-Tetri BA. Development
and validation of a simple NAFLD clinical scoring system for identifying patients
without advanced disease. Gut 2008;57:1441–7.

[97] Beste LA, Leipertz SL, Green PK, Dominitz JA, Ross D, Ioannou GN. Trends in burden
of cirrhosis and hepatocellular carcinoma byunderlying liver disease inUS veterans,
2001–2013. Gastroenterology 2015;149:1471–82.

[98] Goh GB, McCullough AJ. Natural history of nonalcoholic fatty liver disease. Dig Dis
Sci 2016;61:1226–33.

[99] Singh S, Allen AM, Wang Z, Prokop LJ, Murad MH, Loomba R. Fibrosis progression
in nonalcoholic fatty liver vs nonalcoholic steatohepatitis: a systematic review
and meta-analysis of paired-biopsy studies. Clin Gastroenterol Hepatol 2015;13:
643–54.

[100] Powell EE, Cooksley WG, Hanson R, Searle J, Halliday JW, Powell LW. The natural
history of nonalcoholic steatohepatitis: a follow-up study of forty-two patients
for up to 21 years. Hepatology 1990;11:74–80.

[101] Liu B, Balkwill A, Reeves G, Beral V. Body mass index and risk of liver cirrhosis in
middle aged UK women: prospective study. BMJ 2010;340:c912.

[102] Berzigotti A, Garcia-Tsao G, Bosch J, Grace ND, Burroughs AK, Morillas R, et al.
Obesity is an independent risk factor for clinical decompensation in patients with
cirrhosis. Hepatology 2011;54:555–61.

[103] Boza C, Riquelme A, Ibanez L, Duarte I, Norero E, Viviani P, et al. Predictors of non-
alcoholic steatohepatitis (NASH) in obese patients undergoing gastric bypass. Obes
Surg 2005;15:1148–53.

[104] Gholam PM, Flancbaum L, Machan JT, Charney DA, Kotler DP. Nonalcoholic fatty
liver disease in severely obese subjects. Am J Gastroenterol 2007;102:399–408.

[105] Dixon JB, Bhathal PS, O'Brien PE. Nonalcoholic fatty liver disease: predictors of non-
alcoholic steatohepatitis and liver fibrosis in the severely obese. Gastroenterology
2001;121:91–100.

[106] Caldwell SH, Crespo DM. The spectrum expanded: cryptogenic cirrhosis and the
natural history of non-alcoholic fatty liver disease. J Hepatol 2004;40:578–84.

[107] Caldwell SH, Oelsner DH, Iezzoni JC, Hespenheide EE, Battle EH, Driscoll CJ. Crypto-
genic cirrhosis: clinical characterization and risk factors for underlying disease.
Hepatology 1999;29:664–9.

[108] Poonawala A, Nair SP, Thuluvath PJ. Prevalence of obesity and diabetes in patients
with cryptogenic cirrhosis: a case-control study. Hepatology 2000;32:689–92.

[109] Younossi Z, Stepanova M, Sanyal AJ, Harrison SA, Ratziu V, Abdelmalek MF, et al.
The conundrum of cryptogenic cirrhosis: adverse outcomes without treatment
options. J Hepatol 2018;69:1365–70.

[110] El-Serag HB, Davila JA, Petersen NJ, McGlynn KA. The continuing increase in the in-
cidence of hepatocellular carcinoma in the United States: an update. Ann Intern
Med 2003;139:817–23.

[111] Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity, and
mortality from cancer in a prospectively studied cohort of U.S. adults. N Engl J
Med 2003;348:1625–38.

[112] Nair S, Mason A, Eason J, Loss G, Perrillo RP. Is obesity an independent risk factor for
hepatocellular carcinoma in cirrhosis? Hepatology 2002;36:150–5.

[113] Mittal S, Sada YH, El-Serag HB, Kanwal F, Duan Z, Temple S, et al. Temporal trends
of nonalcoholic fatty liver disease-related hepatocellular carcinoma in the veteran
affairs population. Clin Gastroenterol Hepatol 2015;13:594–601.

[114] Pais R, Fartoux L, Goumard C, Scatton O, Wendum D, Rosmorduc O, et al. Temporal
trends, clinical patterns and outcomes of NAFLD-related HCC in patients undergo-
ing liver resection over a 20-year period. Aliment Pharmacol Ther 2017;46:856–63.

[115] Perumpail RB, Wong RJ, Ahmed A, Harrison SA. Hepatocellular carcinoma in
the setting of non-cirrhotic nonalcoholic fatty liver disease and the metabolic
syndrome: US experience. Dig Dis Sci 2015;60:3142–8.

[116] Bugianesi E, Leone N, Vanni E, Marchesini G, Brunello F, Carucci P, et al. Expanding
the natural history of nonalcoholic steatohepatitis: from cryptogenic cirrhosis to
hepatocellular carcinoma. Gastroenterology 2002;123:134–40.

[117] Larsson SC, Wolk A. Overweight, obesity and risk of liver cancer: a meta-analysis of
cohort studies. Br J Cancer 2007;97:1005–8.

[118] Borena W, Strohmaier S, Lukanova A, Bjorge T, Lindkvist B, Hallmans G, et al.
Metabolic risk factors and primary liver cancer in a prospective study of 578,700
adults. Int J Cancer 2012;131:193–200.

[119] Schlesinger S, Aleksandrova K, Pischon T, Fedirko V, Jenab M, Trepo E, et al.
Abdominal obesity, weight gain during adulthood and risk of liver and biliary
tract cancer in a European cohort. Int J Cancer 2013;132:645–57.

[120] Yoo JJ, KimW, Kim MY, Jun DW, Kim SG, Yeon JE, et al. Recent research trends and
updates on nonalcoholic fatty liver disease. Clin Mol Hepatol 2018. https://doi.org/
10.3350/cmh.2018.0037.

[121] Ioannou GN, Weiss NS, Kowdley KV, Dominitz JA. Is obesity a risk factor
for cirrhosis-related death or hospitalization? A population-based cohort study.
Gastroenterology 2003;125:1053–9.

[122] Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, et al. Body-
mass index and cause-specific mortality in 900 000 adults: collaborative analyses
of 57 prospective studies. Lancet 2009;373:1083–96.

[123] Stepanova M, Rafiq N, Younossi ZM. Components of metabolic syndrome are
independent predictors of mortality in patients with chronic liver disease: a
population-based study. Gut 2010;59:1410–5.
Please cite this article as: S.A. Polyzos, J. Kountouras and C.S. Mantzoros, O
therapeutics, Metabolism Clinical and Experimental, https://doi.org/10.10
[124] Otgonsuren M, Stepanova M, Gerber L, Younossi ZM. Anthropometric and clinical
factors associated with mortality in subjects with nonalcoholic fatty liver disease.
Dig Dis Sci 2013;58:1132–40.

[125] van den Berg EH, Douwes RM, de Meijer VE, Schreuder T, Blokzijl H. Liver
transplantation for NASH cirrhosis is not performed at the expense of major
post-operative morbidity. Dig Liver Dis 2018;50:68–75.

[126] EASL–EASD–EASO. EASL-EASD-EASO clinical practice guidelines for the manage-
ment of non-alcoholic fatty liver disease. Diabetologia 2016;59:1121–40.

[127] Leoni S, Tovoli F, Napoli L, Serio I, Ferri S, Bolondi L. Current guidelines for theman-
agement of non-alcoholic fatty liver disease: a systematic reviewwith comparative
analysis. World J Gastroenterol 2018;24:3361–73.

[128] Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, Gra-
Oramas B, Gonzalez-Fabian L, et al. Weight loss through lifestyle modification sig-
nificantly reduces features of nonalcoholic steatohepatitis. Gastroenterology 2015;
149:367–78.

[129] Hannah Jr WN, Harrison SA. Effect of weight loss, diet, exercise, and bariatric sur-
gery on nonalcoholic fatty liver disease. Clin Liver Dis 2016;20:339–50.

[130] Athyros VG, Alexandrides TK, Bilianou H, Cholongitas E, Doumas M, Ganotakis ES,
et al. The use of statins alone, or in combination with pioglitazone and other drugs,
for the treatment of non-alcoholic fatty liver disease/non-alcoholic steatohepatitis
and related cardiovascular risk. An expert panel statement. Metabolism 2017;71:
17–32.

[131] Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013
AHA/ACC/TOS guideline for the management of overweight and obesity in adults:
a report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines and The Obesity Society. Circulation 2014;129:
S102–38.

[132] Yumuk V, Tsigos C, Fried M, Schindler K, Busetto L, Micic D, et al. European guide-
lines for obesity management in adults. Obes Facts 2015;8:402–24.

[133] Acosta A, Streett S, Kroh MD, Cheskin LJ, Saunders KH, Kurian M, et al. White paper
AGA: POWER - practice guide on obesity and weight management, education, and
resources. Clin Gastroenterol Hepatol 2017;15:631–49.

[134] Chitturi S,Wong VW, ChanWK,Wong GL,Wong SK, Sollano J, et al. The Asia-Pacific
Working Party on Non-alcoholic Fatty Liver Disease guidelines 2017-part 2: man-
agement and special groups. J Gastroenterol Hepatol 2018;33:86–98.

[135] Peng L, Wang J, Li F. Weight reduction for non-alcoholic fatty liver disease.
Cochrane Database Syst Rev 2011;15:CD003619.

[136] Paris T, George ES, Roberts SK, Tierney AC. The effects of diet and lifestyle interven-
tions on insulin resistance in patients with nonalcoholic fatty liver disease: a sys-
tematic review. Eur J Gastroenterol Hepatol 2017;29:867–78.

[137] Keating SE, Hackett DA, George J, Johnson NA. Exercise and non-alcoholic fatty liver
disease: a systematic review and meta-analysis. J Hepatol 2012;57:157–66.

[138] Smart NA, King N, McFarlane JR, Graham PL, Dieberg G. Effect of exercise training
on liver function in adults who are overweight or exhibit fatty liver disease: a sys-
tematic review and meta-analysis. Br J Sports Med 2018;52:834–43.

[139] Katsagoni CN, Georgoulis M, Papatheodoridis GV, Panagiotakos DB, Kontogianni
MD. Effects of lifestyle interventions on clinical characteristics of patients
with non-alcoholic fatty liver disease: a meta-analysis. Metabolism 2017;68:
119–32.

[140] Orci LA, Gariani K, Oldani G, Delaune V, Morel P, Toso C. Exercise-based interven-
tions for nonalcoholic fatty liver disease: a meta-analysis and meta-regression.
Clin Gastroenterol Hepatol 2016;14:1398–411.

[141] Hashida R, Kawaguchi T, Bekki M, Omoto M, Matsuse H, Nago T, et al. Aerobic
vs. resistance exercise in non-alcoholic fatty liver disease: a systematic review.
J Hepatol 2017;66:142–52.

[142] Gonzalez-Ruiz K, Ramirez-Velez R, Correa-Bautista JE, Peterson MD, Garcia-
Hermoso A. The effects of exercise on abdominal fat and liver enzymes in pediatric
obesity: a systematic review and meta-analysis. Child Obes 2017;13:272–82.

[143] Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, et al. The diagnosis
and management of non-alcoholic fatty liver disease: practice guideline by the
American Association for the Study of Liver Diseases, American College of Gastro-
enterology, and the American Gastroenterological Association. Hepatology 2012;
55:2005–23.

[144] Lonardo A, Nascimbeni F, Targher G, Bernardi M, Bonino F, Bugianesi E, et al. AISF
position paper on nonalcoholic fatty liver disease (NAFLD): updates and future
directions. Dig Liver Dis 2017;49:471–83.

[145] Ahn J, Jun DW, Lee HY, Moon JH. Critical appraisal for low-carbohydrate diet in
nonalcoholic fatty liver disease: review and meta-analyses. Clin Nutr 2018.
https://doi.org/10.1016/j.clnu.2018.09.022.

[146] Boden G. High- or low-carbohydrate diets: which is better for weight loss, insulin
resistance, and fatty livers? Gastroenterology 2009;136:1490–2.

[147] Hajifathalian K, Torabi Sagvand B, McCullough AJ. Effect of alcohol consumption on
survival in non-alcoholic fatty liver disease: a national prospective cohort study.
Hepatology 2018. https://doi.org/10.1002/hep.30226.

[148] Chang Y, Cho YK, Kim Y, Sung E, Ahn J, Jung HS, et al. Non-heavy drinking and
worsening of non-invasive fibrosis markers in nonalcoholic fatty liver disease: a
cohort study. Hepatology 2018. https://doi.org/10.1002/hep.30170.

[149] Marventano S, Salomone F, Godos J, Pluchinotta F, Del Rio D, Mistretta A, et al.
Coffee and tea consumption in relationwith non-alcoholic fatty liver andmetabolic
syndrome: a systematic review and meta-analysis of observational studies. Clin
Nutr 2016;35:1269–81.

[150] AstrupA, CarraroR, Finer N, Harper A, KunesovaM, LeanME, et al. Safety, tolerability
and sustained weight loss over 2 years with the once-daily human GLP-1 analog,
liraglutide. Int J Obes (Lond) 2012;36:843–54.

[151] Sjostrom L, Rissanen A, Andersen T, Boldrin M, Golay A, Koppeschaar HP, et al.
Randomised placebo-controlled trial of orlistat for weight loss and prevention of
besity and nonalcoholic fatty liver disease: From pathophysiology to
16/j.metabol.2018.11.014

http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0465
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0465
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0465
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0470
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0470
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0470
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0475
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0475
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0480
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0480
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0480
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0485
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0485
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0485
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0490
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0490
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0495
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0495
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0495
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0495
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0500
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0500
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0500
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0505
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0505
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0510
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0510
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0510
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0515
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0515
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0515
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0520
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0520
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0525
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0525
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0525
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0530
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0530
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0535
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0535
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0535
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0540
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0540
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0545
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0545
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0545
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0550
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0550
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0550
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0555
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0555
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0555
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0560
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0560
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0565
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0565
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0565
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0570
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0570
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0570
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0575
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0575
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0575
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0580
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0580
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0580
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0585
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0585
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0590
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0590
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0590
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0595
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0595
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0595
https://doi.org/10.3350/cmh.2018.0037
https://doi.org/10.3350/cmh.2018.0037
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0605
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0605
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0605
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0610
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0610
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0610
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0615
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0615
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0615
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0620
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0620
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0620
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0625
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0625
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0625
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0630
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0630
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0635
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0635
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0635
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0640
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0640
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0640
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0640
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0645
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0645
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0650
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0650
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0650
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0650
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0650
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0655
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0655
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0655
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0655
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0655
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0660
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0660
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0665
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0665
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0665
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0670
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0670
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0670
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0675
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0675
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0680
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0680
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0680
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0685
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0685
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0690
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0690
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0690
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0695
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0695
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0695
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0695
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0700
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0700
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0700
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0705
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0705
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0705
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0710
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0710
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0710
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0715
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0715
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0715
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0715
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0715
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0720
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0720
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0720
https://doi.org/10.1016/j.clnu.2018.09.022
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0730
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0730
https://doi.org/10.1002/hep.30226
https://doi.org/10.1002/hep.30170
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0745
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0745
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0745
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0745
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0750
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0750
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0750
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0755
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0755
https://doi.org/10.1016/j.metabol.2018.11.014


15S.A. Polyzos et al. / Metabolism Clinical and Experimental xxx (xxxx) xxx
weight regain in obese patients. EuropeanMulticentre Orlistat Study Group. Lancet
1998;352:167–72.

[152] Weintraub M, Sundaresan PR, Schuster B, Averbuch M, Stein EC, Byrne L. Long-
term weight control study. V (weeks 190 to 210). Follow-up of participants after
cessation of medication. Clin Pharmacol Ther 1992;51:615–8.

[153] Zelber-Sagi S, Kessler A, Brazowsky E, Webb M, Lurie Y, Santo M, et al. A double-
blind randomized placebo-controlled trial of orlistat for the treatment of nonalco-
holic fatty liver disease. Clin Gastroenterol Hepatol 2006;4:639–44.

[154] Assy N, Hussein O, Abassi Z. Weight loss induced by orlistat reverses fatty
infiltration and improves hepatic fibrosis in obese patients with non-alcoholic
steatohepatitis. Gut 2007;56:443–4.

[155] Harrison SA, Fincke C, Helinski D, Torgerson S, Hayashi P. A pilot study of orlistat
treatment in obese, non-alcoholic steatohepatitis patients. Aliment Pharmacol
Ther 2004;20:623–8.

[156] Harrison SA, Fecht W, Brunt EM, Neuschwander-Tetri BA. Orlistat for overweight
subjects with nonalcoholic steatohepatitis: a randomized, prospective trial.
Hepatology 2009;49:80–6.

[157] Wang H, Wang L, Cheng Y, Xia Z, Liao Y, Cao J. Efficacy of orlistat in non-alcoholic
fatty liver disease: a systematic review andmeta-analysis. BiomedRep2018;9:90–6.

[158] Filippatos TD, Derdemezis CS, Gazi IF, Nakou ES, Mikhailidis DP, Elisaf MS. Orlistat-
associated adverse effects and drug interactions: a critical review. Drug Saf 2008;
31:53–65.

[159] Upadhyay J, Polyzos SA, Perakakis N, Thakkar B, Paschou SA, Katsiki N, et al.
Pharmacotherapy of type 2 diabetes: an update. Metabolism 2018;78:13–42.

[160] Armstrong MJ, Hull D, Guo K, Barton D, Hazlehurst JM, Gathercole LL, et al.
Glucagon-like peptide 1 decreases lipotoxicity in non-alcoholic steatohepatitis.
J Hepatol 2016;64:399–408.

[161] Eguchi Y, Kitajima Y, Hyogo H, Takahashi H, Kojima M, Ono M, et al. Pilot study
of liraglutide effects in non-alcoholic steatohepatitis and non-alcoholic fatty liver
disease with glucose intolerance in Japanese patients (LEAN-J). Hepatol Res
2015;45:269–78.

[162] ArmstrongMJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R, et al. Liraglutide safety
and efficacy in patients with non-alcoholic steatohepatitis (LEAN): a multicentre,
double-blind, randomised, placebo-controlled phase 2 study. Lancet 2016;387:
679–90.

[163] Khoo J, Hsiang J, Taneja R, Law NM, Ang TL. Comparative effects of liraglutide 3 mg
vs structured lifestyle modification on body weight, liver fat and liver function
in obese patients with non-alcoholic fatty liver disease: a pilot randomized trial.
Diabetes Obes Metab 2017;19:1814–7.

[164] Petit JM, Cercueil JP, Loffroy R, Denimal D, Bouillet B, Fourmont C, et al. Effect of
liraglutide therapy on liver fat content in patients with inadequately controlled
type 2 diabetes: the Lira-NAFLD study. J Clin Endocrinol Metab 2017;102:407–15.

[165] Bajaj HS, Brown RE, Bhullar L, Sohi N, Kalra S, Aronson R. SGLT2 inhibitors
and incretin agents: associations with alanine aminotransferase activity in type 2
diabetes. Diabetes Metab 2018;44:493–9.

[166] Feng W, Gao C, Bi Y, Wu M, Li P, Shen S, et al. Randomized trial comparing the
effects of gliclazide, liraglutide, and metformin on diabetes with non-alcoholic
fatty liver disease. J Diabetes 2017;9:800–9.

[167] Smits MM, Tonneijck L, Muskiet MH, Kramer MH, Pouwels PJ, Pieters-van den Bos
IC, et al. Twelve week liraglutide or sitagliptin does not affect hepatic fat in type 2
diabetes: a randomised placebo-controlled trial. Diabetologia 2016;59:2588–93.

[168] Gastaldelli A, Gaggini M, Daniele G, Ciociaro D, Cersosimo E, Tripathy D, et al.
Exenatide improves both hepatic and adipose tissue insulin resistance: a dynamic
positron emission tomography study. Hepatology 2016;64:2028–37.

[169] Kenny PR, Brady DE, Torres DM, Ragozzino L, Chalasani N, Harrison SA. Exenatide in
the treatment of diabetic patients with non-alcoholic steatohepatitis: a case series.
Am J Gastroenterol 2010;105:2707–9.

[170] Dutour A, Abdesselam I, Ancel P, Kober F, Mrad G, Darmon P, et al. Exenatide
decreases liver fat content and epicardial adipose tissue in patients with obesity
and type 2 diabetes: a prospective randomized clinical trial using magnetic reso-
nance imaging and spectroscopy. Diabetes Obes Metab 2016;18:882–91.

[171] Fan H, Pan Q, Xu Y, Yang X. Exenatide improves type 2 diabetes concomitant
with non-alcoholic fatty liver disease. Arq Bras Endocrinol Metabol 2013;57:
702–8.

[172] Sathyanarayana P, Jogi M, Muthupillai R, Krishnamurthy R, Samson SL, Bajaj M.
Effects of combined exenatide and pioglitazone therapy on hepatic fat content in
type 2 diabetes. Obesity 2011;19:2310–5.

[173] Shao N, Kuang HY, Hao M, Gao XY, Lin WJ, Zou W. Benefits of exenatide on obesity
and non-alcoholic fatty liver disease with elevated liver enzymes in patients with
type 2 diabetes. Diabetes Metab Res Rev 2014;30:521–9.

[174] Gluud LL, Knop FK, Vilsboll T. Effects of lixisenatide on elevated liver transami-
nases: systematic reviewwith individual patient data meta-analysis of randomised
controlled trials on patients with type 2 diabetes. BMJ Open 2014;4:e005325.

[175] Seko Y, Sumida Y, Tanaka S, Mori K, Taketani H, Ishiba H, et al. Effect of 12-week
dulaglutide therapy in Japanese patients with biopsy-proven non-alcoholic fatty
liver disease and type 2 diabetes mellitus. Hepatol Res 2017;47:1206–11.

[176] MonamiM, Nreu B, Scatena A, Cresci B, Andreozzi F, Sesti G, et al. Safety issues with
glucagon-like peptide-1 receptor agonists (pancreatitis, pancreatic cancer and
cholelithiasis): data from randomized controlled trials. Diabetes Obes Metab
2017;19:1233–41.

[177] Thomas MC, Cherney DZI. The actions of SGLT2 inhibitors on metabolism, renal
function and blood pressure. Diabetologia 2018;61:2098–107.

[178] Shimizu M, Suzuki K, Kato K, Jojima T, Iijima T, Murohisa T, et al. Evaluation of the
effects of dapagliflozin, an SGLT2 inhibitor, on hepatic steatosis and fibrosis by
transient elastography in patients with type 2 diabetes and non-alcoholic fatty
liver disease. Diabetes Obes Metab 2018. https://doi.org/10.1111/dom.13520.
Please cite this article as: S.A. Polyzos, J. Kountouras and C.S. Mantzoros, O
therapeutics, Metabolism Clinical and Experimental, https://doi.org/10.10
[179] Tobita H, Sato S, Miyake T, Ishihara S, Kinoshita Y. Effects of dapagliflozin on body
composition and liver tests in patients with nonalcoholic steatohepatitis associated
with type 2 diabetes mellitus: a prospective, open-label, uncontrolled study. Curr
Ther Res Clin Exp 2017;87:13–9.

[180] Choi DH, Jung CH, Mok JO, Kim CH, Kang SK, Kim BY. Effect of dapagliflozin on
alanine aminotransferase improvement in type 2 diabetes mellitus with non-
alcoholic fatty liver disease. Endocrinol Metab (Seoul) 2018;33:387–94.

[181] Seko Y, SumidaY, Sasaki K, Itoh Y, IijimaH,Hashimoto T, et al. Effects of canagliflozin,
an SGLT2 inhibitor, on hepatic function in Japanese patients with type 2 diabetes
mellitus: pooled and subgroup analyses of clinical trials. J Gastroenterol 2018;53:
140–51.

[182] Leiter LA, Forst T, Polidori D, Balis DA, Xie J, Sha S. Effect of canagliflozin on liver
function tests in patients with type 2 diabetes. Diabetes Metab 2016;42:25–32.

[183] Li B,Wang Y, Ye Z, Yang H, Cui X,Wang Z, et al. Effects of canagliflozin on fatty liver
indexes in patients with type 2 diabetes: a meta-analysis of randomized controlled
trials. J Pharm Pharm Sci 2018;21:222–35.

[184] Seko Y, Sumida Y, Tanaka S,Mori K, Taketani H, IshibaH, et al. Effect of sodiumglucose
cotransporter 2 inhibitor on liver function tests in Japanese patients with non-
alcoholic fatty liver disease and type2diabetesmellitus. Hepatol Res 2017;47:1072–8.

[185] Itani T, Ishihara T. Efficacy of canagliflozin against nonalcoholic fatty liver disease:
a prospective cohort study. Obes Sci Pract 2018;4:477–82.

[186] Ito D, Shimizu S, Inoue K, Saito D, Yanagisawa M, Inukai K, et al. Comparison of
ipragliflozin and pioglitazone effects on nonalcoholic fatty liver disease in patients
with type 2 diabetes: a randomized, 24-week, open-label, active-controlled trial.
Diabetes Care 2017;40:1364–72.

[187] Takase T, Nakamura A, Miyoshi H, Yamamoto C, Atsumi T. Amelioration of fatty
liver index in patients with type 2 diabetes on ipragliflozin: an association with
glucose-lowering effects. Endocr J 2017;64:363–7.

[188] Ohki T, Isogawa A, Toda N, Tagawa K. Effectiveness of ipragliflozin, a sodium-
glucose co-transporter 2 inhibitor, as a second-line treatment for non-alcoholic
fatty liver disease patients with type 2 diabetes mellitus who do not respond to
incretin-based therapies including glucagon-like peptide-1 analogs and dipeptidyl
peptidase-4 inhibitors. Clin Drug Investig 2016;36:313–9.

[189] Kuchay MS, Krishan S, Mishra SK, Farooqui KJ, Singh MK, Wasir JS, et al. Effect of
Empagliflozin on liver fat in patients with type 2 diabetes and nonalcoholic fatty
liver disease: a randomized controlled trial (E-LIFT trial). Diabetes Care 2018;41:
1801–8.

[190] Shibuya T, Fushimi N, Kawai M, Yoshida Y, Hachiya H, Ito S, et al. Luseogliflozin im-
proves liver fat deposition compared to metformin in type 2 diabetes patients with
non-alcoholic fatty liver disease: a prospective randomized controlled pilot study.
Diabetes Obes Metab 2018;20:438–42.

[191] Sattar N, Fitchett D, Hantel S, George JT, Zinman B. Empagliflozin is associated with
improvements in liver enzymes potentially consistent with reductions in liver fat:
results from randomised trials including the EMPA-REG OUTCOME® trial.
Diabetologia 2018;61:2155–63.

[192] Cruz-Ramon V, Chinchilla-Lopez P, Ramirez-Perez O, Mendez-Sanchez N. Bile acids
in nonalcoholic fatty liver disease: new concepts and therapeutic advances. Ann
Hepatol 2017;16:s58–67.

[193] Mudaliar S, Henry RR, Sanyal AJ, Morrow L, Marschall HU, Kipnes M, et al. Efficacy
and safety of the farnesoid X receptor agonist obeticholic acid in patients with type
2 diabetes and nonalcoholic fatty liver disease. Gastroenterology 2013;145:574–82.

[194] Neuschwander-Tetri BA, Loomba R, Sanyal AJ, Lavine JE, Van Natta ML, Abdelmalek
MF, et al. Farnesoid X nuclear receptor ligand obeticholic acid for non-cirrhotic,
non-alcoholic steatohepatitis (FLINT): a multicentre, randomised, placebo-controlled
trial. Lancet 2015;385:956–65.

[195] Sepe V, Distrutti E, Fiorucci S, Zampella A. Farnesoid X receptor modulators
2014–present: a patent review. Expert Opin Ther Pat 2018;28:351–64.

[196] Heber D, Greenway FL, Kaplan LM, Livingston E, Salvador J, Still C, et al. Endocrine
and nutritional management of the post-bariatric surgery patient: an Endocrine
Society clinical practice guideline. J Clin Endocrinol Metab 2010;95:4823–43.

[197] Padwal R, Klarenbach S, Wiebe N, Birch D, Karmali S, Manns B, et al. Bariatric
surgery: a systematic review and network meta-analysis of randomized trials.
Obes Rev 2011;12:602–21.

[198] Lee Y, Doumouras AG, Yu J, Brar K, Banfield L, Gmora S, et al. Complete resolution of
nonalcoholic fatty liver disease after bariatric surgery: a systematic review and
meta-analysis. Clin Gastroenterol Hepatol 2018. https://doi.org/10.1016/j.cgh.
2018.10.017.

[199] Berry MA, Urrutia L, Lamoza P, Molina A, Luna E, Parra F, et al. Sleeve gastrectomy
outcomes in patients with BMI between 30 and 35-3 years of follow-up. Obes Surg
2018;28:649–55.

[200] Mummadi RR, Kasturi KS, Chennareddygari S, Sood GK. Effect of bariatric surgery
on nonalcoholic fatty liver disease: systematic review and meta-analysis. Clin
Gastroenterol Hepatol 2008;6:1396–402.

[201] Popov VB, Thompson CC, Kumar N, Ciarleglio MM, Deng Y, Laine L. Effect of
intragastric balloons on liver enzymes: a systematic review and meta-analysis.
Dig Dis Sci 2016;61:2477–87.

[202] Bower G, Toma T, Harling L, Jiao LR, Efthimiou E, Darzi A, et al. Bariatric surgery and
non-alcoholic fatty liver disease: a systematic review of liver biochemistry and
histology. Obes Surg 2015;25:2280–9.

[203] Chavez-Tapia NC, Tellez-Avila FI, Barrientos-Gutierrez T, Mendez-Sanchez N,
Lizardi-Cervera J, Uribe M. Bariatric surgery for non-alcoholic steatohepatitis in
obese patients. Cochrane Database Syst Rev 2010:Cd007340. https://doi.org/10.
1002/14651858.CD007340.pub2.

[204] Caiazzo R, Lassailly G, Leteurtre E, Baud G, Verkindt H, Raverdy V, et al. Roux-en-Y
gastric bypass versus adjustable gastric banding to reduce nonalcoholic fatty liver
disease: a 5-year controlled longitudinal study. Ann Surg 2014;260:893–8.
besity and nonalcoholic fatty liver disease: From pathophysiology to
16/j.metabol.2018.11.014

http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0755
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0755
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0760
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0760
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0760
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0765
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0765
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0765
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0770
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0770
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0770
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0775
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0775
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0775
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0780
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0780
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0780
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0785
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0785
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0790
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0790
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0790
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0795
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0795
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0800
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0800
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0800
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0805
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0805
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0805
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0805
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0810
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0810
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0810
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0810
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0815
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0815
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0815
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0815
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0820
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0820
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0820
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0825
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0825
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0825
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0830
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0830
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0830
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0835
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0835
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0835
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0840
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0840
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0840
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0845
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0845
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0845
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0850
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0850
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0850
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0850
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0855
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0855
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0855
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0860
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0860
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0860
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0865
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0865
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0865
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0870
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0870
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0870
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0875
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0875
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0875
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0880
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0880
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0880
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0880
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0885
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0885
https://doi.org/10.1111/dom.13520
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0895
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0895
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0895
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0895
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0900
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0900
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0900
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0905
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0905
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0905
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0905
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0910
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0910
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0915
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0915
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0915
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0920
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0920
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0920
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0925
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0925
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0930
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0930
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0930
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0930
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0935
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0935
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0935
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0940
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0940
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0940
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0940
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0940
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0945
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0945
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0945
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0945
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0950
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0950
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0950
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0950
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0955
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0955
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0955
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0955
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0960
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0960
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0960
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0965
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0965
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0965
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0970
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0970
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0970
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0970
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0975
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0975
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0980
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0980
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0980
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0985
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0985
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0985
https://doi.org/10.1016/j.cgh.2018.10.017
https://doi.org/10.1016/j.cgh.2018.10.017
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0995
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0995
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf0995
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1000
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1000
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1000
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1005
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1005
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1005
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1010
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1010
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1010
https://doi.org/10.1002/14651858.CD007340.pub2
https://doi.org/10.1002/14651858.CD007340.pub2
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1020
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1020
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1020
https://doi.org/10.1016/j.metabol.2018.11.014


16 S.A. Polyzos et al. / Metabolism Clinical and Experimental xxx (xxxx) xxx
[205] Lassailly G, Caiazzo R, Buob D, Pigeyre M, Verkindt H, Labreuche J, et al. Bariatric
surgery reduces features of nonalcoholic steatohepatitis in morbidly obese
patients. Gastroenterology 2015;149:379–88.

[206] McCarty TR, Echouffo-Tcheugui JB, Lange A, Haque L, Njei B. Impact of bariatric
surgery on outcomes of patients with nonalcoholic fatty liver disease: a nationwide
inpatient sample analysis, 2004–2012. Surg Obes Relat Dis 2018;14:74–80.

[207] Njei B, McCarty TR, Sharma P, Lange A, Najafian N, Ngu JN, et al. Bariatric surgery
and hepatocellular carcinoma: a propensity score-matched analysis. Obes Surg
2018;28:3880–9.

[208] Cotler SJ, Vitello JM, Guzman G, Testa G, Benedetti E, Layden TJ. Hepatic decompen-
sation after gastric bypass surgery for severe obesity. Dig Dis Sci 2004;49:1563–8.

[209] Jan A, Narwaria M, Mahawar KK. A systematic review of bariatric surgery in
patients with liver cirrhosis. Obes Surg 2015;25:1518–26.

[210] Singh T, Kochhar GS, Goh GB, Schauer P, Brethauer S, Kroh M, et al. Safety and
efficacy of bariatric surgery in patients with advanced fibrosis. Int J Obes (Lond)
2017;41:443–9.

[211] Dallal RM, Mattar SG, Lord JL, Watson AR, Cottam DR, Eid GM, et al. Results of
laparoscopic gastric bypass in patients with cirrhosis. Obes Surg 2004;14:47–53.

[212] Luyckx FH, Desaive C, Thiry A, Dewe W, Scheen AJ, Gielen JE, et al. Liver abnormal-
ities in severely obese subjects: effect of drastic weight loss after gastroplasty. Int J
Obes Relat Metab Disord 1998;22:222–6.
Please cite this article as: S.A. Polyzos, J. Kountouras and C.S. Mantzoros, O
therapeutics, Metabolism Clinical and Experimental, https://doi.org/10.10
[213] Tsai JH, Ferrell LD, Tan V, Yeh MM, Sarkar M, Gill RM. Aggressive non-alcoholic
steatohepatitis following rapid weight loss and/or malnutrition. Mod Pathol
2017;30:834–42.

[214] Goossens N, Hoshida Y, SongWM, JungM, Morel P, Nakagawa S, et al. Nonalcoholic
steatohepatitis is associated with increased mortality in obese patients undergoing
bariatric surgery. Clin Gastroenterol Hepatol 2016;14:1619–28.

[215] Polyzos SA, Mantzoros CS. Adiponectin as a target for the treatment of nonalcoholic
steatohepatitis with thiazolidinediones: a systematic review. Metabolism 2016;65:
1297–306.

[216] Barb D, Portillo-Sanchez P, Cusi K. Pharmacological management of nonalcoholic
fatty liver disease. Metabolism 2016;65:1183–95.

[217] Polyzos SA, Kountouras J, Anastasiadis S, Doulberis M, Katsinelos P. Nonalcoholic
fatty liver disease: is it time for combination treatment and a diabetes-like
approach? Hepatology 2018;68:389.

[218] Younossi ZM, Otgonsuren M, Venkatesan C, Mishra A. In patients with non-
alcoholic fatty liver disease, metabolically abnormal individuals are at a higher
risk for mortality while metabolically normal individuals are not. Metabolism
2013;62:352–60.
besity and nonalcoholic fatty liver disease: From pathophysiology to
16/j.metabol.2018.11.014

http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1025
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1025
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1025
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1030
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1030
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1030
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1035
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1035
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1035
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1040
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1040
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1045
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1045
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1050
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1050
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1050
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1055
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1055
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1060
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1060
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1060
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1065
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1065
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1065
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1070
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1070
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1070
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1075
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1075
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1075
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1080
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1080
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1085
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1085
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1085
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1090
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1090
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1090
http://refhub.elsevier.com/S0026-0495(18)30253-1/rf1090
https://doi.org/10.1016/j.metabol.2018.11.014

	Obesity and nonalcoholic fatty liver disease: From pathophysiology to therapeutics
	1. Introduction
	2. Obesity-driven Pathophysiology of NAFLD
	3. Epidemiological Studies Linking Obesity with NAFLD
	3.1. Obesity and NAFLD
	3.2. Obesity and NASH
	3.3. Obesity and NASH-related Cirrhosis
	3.4. Obesity and NASH-related HCC
	3.5. Obesity, NAFLD and Mortality

	4. Targeting NAFLD by Treating Obesity
	4.1. Step 1: Lifestyle Modifications
	4.2. Step 2: Addition of Pharmacological Interventions
	4.2.1. Anti-obesity Medications Investigated in NAFLD
	4.2.1.1. Orlistat
	4.2.1.2. Glucagon-like Peptide-1 Analogs

	4.2.2. Anti-obesity Medications Not Investigated in NAFLD
	4.2.3. Medications with a Weight-lowering Effect Not Approved for Obesity
	4.2.3.1. SGLT-2 Inhibitors
	4.2.3.2. FXR Ligands


	4.3. Step 3: Surgical Interventions

	5. Treating NAFLD by Targeting Fat Redistribution
	6. Closing Remarks
	Funding
	Disclosure Statement
	References




