wdJ P

World Journal of
Pharmacology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5497 / wijp.v3.i4.209

World | Pharmacol 2014 December 9; 3(4): 209-216
ISSN 2220-3192 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Association of serum bilirubin and non-alcoholic fatty liver
disease: A feasible therapeutic avenue?

Mohamed S Anwar, John F Dillon, Michael H Miller

Mohamed S Anwar, John F Dillon, Michael H Miller, Gut
Group, Medical Research Institute, Ninewells Hospital and Medi-
cal School, University of Dundee, Dundee DD1 9SY, United
Kingdom

Author contributions: Anwar MS, Dillon JF and Miller MH
discussed and conceived the idea of this systematic review; An-
war MS and Miller MH performed the literature search and col-
lated the data; all three authors wrote the manuscript.
Correspondence to: Dr. Mohamed Anwar, Gut Group, Medi-
cal Research Institute, Ninewells Hospital and Medical School,
University of Dundee, Nethergate, Dundee DD1 9SY,

United Kingdom. mohamed-anwar@doctors.org.uk

Telephone: +44-1382-632334 Fax: +44-1382-632098
Received: May 21, 2014 Revised: October 15, 2014
Accepted: October 23, 2014

Published online: December 9, 2014

Abstract

AIM: To the look at the current strength of evidence
and the potential application of anti-oxidants in this
setting.

METHODS: Two electronic databases (PubMed and
Web of Knowledge) were searched to January 2013 to
find studies addressing serum bilirubin levels in non-
alcoholic fatty liver disease (NAFLD). The search used
key word combinations in relation to NAFLD and serum
bilirubin specific to human adults only. After screening
selected studies were reviewed in depth by two inde-
pendent reviewers. Data synthesis with further meta-
analysis was planned but not possible due to the het-
erogeneity of the outcome measures in these studies.

RESULTS: Out of 416 studies screened only seven
studies were considered suitable for inclusion. All seven
studies consistently reported an inverse association of
bilirubin with NAFLD despite the heterogeneous sample
of studies. Only two studies were prospective. No nega-
tive studies were found.

CONCLUSION: Most studies suggest a correlation
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between high bilirubin levels of any type are inversely
correlated with NAFLD. But to date most of these stud-
ies have been poorly designed to allow meaningful con-
clusions, except one cohort study. There is a need for
a large prospective cohort study in multiple populations
to test this hypothesis fully before mechanistic associa-
tions can be established and therapeutic options of the
apparent anti-oxidant effect of bilirubin be explored
in NAFLD. Furthermore these studies should include
analysis of UGT1A1 gene to expound upon underlying
cause of unconjugated hyperbilirubinaemia.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Review; Systematic; Bilirubin; Hyperbiliru-

binemia; Anti-oxidants; Adult; Non-alcoholic fatty liver
disease

Core tip: This systematic review summarises and high-
lights the deficiencies in the current studies on the as-
sociation of serum bilirubin with non-alcoholic fatty liver
disease (NAFLD). It explores the potential underpinning
of the mechanistic association of NAFLD with bilirubin.
Potential novel therapeutic avenues of bilirubin are ex-
plored in NAFLD, a common condition with oxidative
damage as a core pathogenetic factor. Although this
area of study is still in its infancy, this review is a timely
summary of current key studies in this subject area and
provides an up to date thought perspective with focus
on future direction and potential therapeutic application.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has been
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recognised as the most prevalent liver disease, with current
estimations that it affects around 20%-30% of the general
population in the western world™”. NAFLD is considered
to be the hepatic manifestation of the metabolic syn-
drome as it is closely related to insulin resistance, obesity,
hypercholesterolemia, type 2 diabetes, and coronary artery
disease” . NAFLD is composed of a histological spec-
trum of hepatic dysfunctions ranging from simple steato-
sis (SS) to non-alcoholic steatohepatitis (NASH), cirrhosis
and hepatocellular carcinoma'”, The pathogenic processes
underpinning NAFLD remain unclear, although oxidative
stress, fat transportation and inflammation are implicated.
Furthermore oxidative stress has been suggested as an
aetiopathogenic mechanism in NAFLD"™, Additionally,
mounting evidence suggests a link between serum ferritin,
insulin resistance, and NAFLD™'"”. Excessive hepatic iron
accumulation in NAFLD is likely one of the potential
cofactors involved in the enhanced oxidative stress, which
triggers liver cell necrosis and activation of hepatic stellate
cells, both leading to fibrosis"". The significance of the
association serum ferritin in NAFLD may relate to heme
catabolism and the anti-oxidant state of play, which will be
discussed later. Studies involving administration of a free
radical-generating azo compound to mice or rats induced
fat accumulation in the liver by increasing triacylglycerol
and decreasing phospholipids. Likewise fat accumulation
in the liver was suppressed through the simultaneous ad-
ministration of free radical-scavenging antioxidants such
as Vitamin E, Therefore antioxidant agents have been
proposed as an effective treatment' 7,

Bilirubin, the end product of heme catabolism, is
known to be a potent physiological antioxidant cytoprotec-
tant due to its inhibitory effect on the activity of NAD(P)H
oxidase. In addition it scavenges peroxyl radicals, hydroxyl
radicals, and reactive nitrogen species preventing oxidation
of intracellular lipidsmzoj. Bilirubin has also been proposed
as having an anti-inflaimmatory role and has major anti-
fibrogenic properties via heme oxygenase-1 (HO-1)P",
Previous studies have shown that unconjugated hyperbiliru-
binemia is inversely associated with ischaemic heart disease,
carotid stenosis, insulin resistance, diabetes, vascular com-
plication of diabetes, peripheral vascular disease and even
cancer™™, Furthermore there is strong clinical evidence
for the beneficial cytoprotective effects of unconjugated
bilirubin as observed in Gilbert’s syndrome™ ",

Consequently, it can be hypothesised that elevated
serum bilirubin levels reduce oxidative stress, decrease
fibrosis and inflammation, and decrease the risk of
NAFLD development and progression. If this hypoth-
esis is confirmed then therapeutic options of inducing
“latrogenic” Gilbert’s syndrome would be a key area of
research. This systematic review evaluates the studies
carried out to date to assess the reported association be-
tween bilirubin and NAFLD.

MATERIALS AND METHODS

Data sources
This systematic review included studies published in
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electronic databases over the time period ranging from
their inception to January 2013. We searched two main
stream public-domain data bases, PubMed and Web of
Knowledge. Three categories were devised (1) conditions
(SS, NASH, NAFLD, FLD); (2) bilirubin (unconjugated
hyperbilirubinemia, bilirubin, anti-oxidant, protective
marker); and (3) subjects (human). Each possible combi-
nation was searched in the above two databases, also the
bibliographies of relevant systematic reviews were manu-

ally searched.

Study selection

We included all types of studies, which investigated the
relationship between bilirubin and NAFLD. Paediat-
ric studies were excluded due to the potential alternate
pathophysiology in this category. Outcome measure for
each study was bilirubin, but it should be noted there
are three methods of reporting bilirubin. Total bilirubin
which consists of direct (conjugated) and indirect (unco-
jugated) bilirubin. Each study focused on one of these
during statistical analysis.

Statistical analysis

Each selected study was assessed independently by two
reviewers for methodology, outcome measures, results,
limitations, risks of bias. Data synthesis with further me-
ta-analysis was not possible due to the heterogeneity of
outcome measures, study designs and statistical analysis
in each study. Therefore instead we have provided a sum-
mary of this for each study.

RESULTS

Study selection, characteristics and analysis

We considered 416 potentially relevant articles, after
screening the abstracts and titles, 407 studies were ex-
cluded, (Figure 1). Nine articles were fully evaluated,
with a further two excluded. First of these articles was
an editorial rather than an original study™ and the sec-
ond article was not relevant, it discussed measures of
oxidation stress in NASHP". Of the included studies,
three were cross sectional, two retrospective and two
prospective. Two of these studies had a large sample size
and were conducted in South Korea™*.. The remaining
five small sized studies used liver biopsy”™* to diagnose
NAFLD but notably this does not include every patient
in the study. Also only two studies” ™ specifically states
blinding of the pathologist to biochemical results and
intention of study. All studies excluded patients using
alcohol > 20 g/d, screened for viral hepatitis, alternative
liver pathology and haemolysis, except the Tarantino™
study which did not assess patient for possible haemoly-
sis. The characteristics of each study are shown in Table 1.
Due to the heterogeneity of these studies, further pooled
analysis could not be catried out and therefore a summa-
ry of key results is provided instead in Table 2. Notably
no study reported an insignificant association of bilirubin

with NAFLD.
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Identification #» = 693
Web of knowledge n = 143
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Editorial 7 = 1

Irrelevantn = 1
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Publications excluded after screening n = 407
Reasons:

Unrelated conditions

Paediatric population

Animal studies

Review article

Figure 1 Flow chart describing the selection process for publication to be included in this review.

132 32]

Of these studies, two were prospective” and one
of these was a large cohort study of young Korean men
(5900) and showed all types of raised bilirubin were in-
versely associated with developing NAFLD but focused
on conjugated hyperbilirubinaemia. In this study mul-
tivariate model analysis showed only conjugated hypet-
bilirubinaemia as independently association with risk of
developing NAFLD. The study adjusted for confounding
factors such as age, body mass index, current smoking,
alcohol intake, exercise, diabetes mellitus, history of cat-
diovascular disease and history of malignancy, high den-
sity lipoprotein cholesterol, triglycerides, glucose, insulin,
and uric acid.

The second” large sample study was also carried out
in South Korea and showed an inverse association be-
tween total bilirubin and NAFLD. But due to the cross-
sectional design of this study a causal relationship cannot
be confirmed. These large sample studies confirmed
NAFLD on the basis of typical ultrasound findings
instead of a liver biopsy. This limitation is essentially un-
avoidable in such a large sample size given the morbidity
and mortality associated with this procedure.

The smaller studies which were based at tertiary
centres did carry out liver biopsies albeit not for every
patient. Duseja”™ carried out the first study looking into
association of hyperbilirubinaemia and NASH. This was
a prospective study consisting of only 67 subjects and
therefore did not show a statistically significant associa-
tion between hyperbilirubinaemia and NASH. Given the
small sample size of this study, it cannot be considered
sufficient to have shown negative or positive cortelation
between hyperbilirubinemia and NASH. Furthermore
the setting and criterion for patient selection is not ad-
equately defined.

Hjelkrem e 2/ and Kumar ez a/*” suggested that
degree of fibrosis also appeats to be related to bilirubin
levels alongside NAFLD development and progression,
although neither study blinded the pathologist to study
intent. Interestingly although 508 patients had liver biopsy
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in the Hjelkrem ez 2/ study including only thirty five
who had elevated unconjugated bilirubin, their statistical
analysis did not suggest any association between NAFLD
sevetity and unconjugated bilirubin but this is probably
due to small sample of elevated unconjugated bilirubin
patients in this group. Kumar e a/™* reported a negative
correlation between serum unconjugated levels and histo-
pathological NAS score, stages of fibrosis on the basis of
biopsy results from 42 patients in total. Given the sample
size and study design of these two studies, these results
can only be regarded as speculative at this stage.

Chisholm ¢z al”" carried out a study in bariatric pa-
tients ptior to surgery for evaluation of matkers predic-
tive of steatohepatitis, they devised a ROC curve for
prediction curve of NASH which included 3 vatiables:
total bilirubin, ALT and HOMA-IR (Homeostasis model
of assessment-insulin resistance). Of 370 patients in this
study 275 had a liver biopsy, with the pathologist blinded
to the intent of the study but a cohort of patients were
also given very low calorie diet to study the influence of
this on histology findings. Unfortunately insufficient data
is given to infer any association between degtree of fibro-
sis and bilirubin level.

Tarantino e /™ study analysed hepatocytes after ex-
posing them to free fatty acids with expected mitochon-
drial damage for the presence of anti-oxidant substances
such as cytochrome ¢, gamma-glutamyl transferase,
triglycerides and unconjugated bilirubin in patients with
NAFLD of differing severity (# = 1806) and controls (7 =
27). The study showed unconjugated bilirubin to be ele-
vated in all spectra of NAFLD, except in healthy controls
(P = 0.008). The study authors felt the elevated unconju-
gated bilirubin represented anti-oxidant effect in this set-
ting and unconjugated bilirubin could be used to monitor
response to disease modifying treatment. Interestingly the
level of unconjugated bilirubin was the highest in NASH
subgroup (7 = 44) with the most severe histological find-
ings, contradicting all previous studies. All previous stud-
ies had suggested unconjugated bilirubin was protective
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Table 1 Summary of characteristics of studies on the association of bilirubin with non-alcoholic fatty liver disease

Ref. Study design
Total number of patients

Study population

Main outcome measure

Hospital setting unclear, probably Tertiary (India)

Tertiary hospital patients undergoing liver biopsy (United States)
Tertiary hospital, outpatient NAFLD clinic (India)

Liver biopsy prior to bariatric surgery (United States)

Tertiary hospital, outpatient likely liver clinic (Italy)

Korean men from a single large semiconductor company (South Korea) Conjugated bilirubin

Total bilirubin
Unconjugated bilirubin

Unconjugated bilirubin
Unconjugated bilirubin
Total bilirubin

Unconjugated bilirubin

Chang et al™ Cohort-longitudinal
n = 5900
Kwak et al™ Cross-section Health check-general
n=17348 Population (South Korea)
Duseja et al™ Prospective
n =67
Hijelkrem et al® Retrospective
n =641
Kumar et al® Cross-sectional
n =204
Chisholm et al"™” Cross-sectional
n =370
Tarantino et al®” Cross-sectional
n=186

NAFLD: Non-alcoholic fatty liver disease.

Table 2 Results and analysis summary of the studies on the association of bilirubin with non-alcoholic fatty liver disease

Ref. Study analysis Results
Chang et al™ (+) Large sample Hazard ratio for NAFLD comparing the highest to the lower quartile of serum
(+) Prospective conjugated bilirubin
(-) NAFLD on US = 0.61 (95%CL: 0.54-0.68), after adjusting metabolic parameters 0.86" (95%Cl :
0.76-0.98)
Kwak et al™ (+) Large sample Total bilirubin inversely associated with

Duseja et al™

Hijelkrem et al® (-)Retrospective design
(-) Small sample
(+) NAFLD on biopsy
Kumar et al™ (-) Small sample

Chisholm et al™”

Tarantino et al™

(-) NAFLD on US

(-) Small sample
(+) Prospective

(+) NASH on biopsy (selected)

(+/-) NAFLD on biopsy but not all patients

(-) Small sample

(+) NAFLD on biopsy

) Retrospective
) Small sample

NAFLD OR = 0.88, 95%CI: 0.80-0.97. An inverse, dose-dependent association
between NAFLD and serum total bilirubin levels OR = 0.80°, 95%CI: 0.71-0.90 in
the fourth quartile vs lowest quartile

Patient sample too small to make any meaningful statistical inference

Unconjugated hyperbilirubinaemia inversely associated with NASH OR = 16.1",
95%Cl: 3.7-70.8

Unconjugated hyperbilirubinaemia (UCHB) and NAS score-negative correlation:
7:-0.48". UCHB and stage of fibrosis: r: -0.28"

Binary logistic regression showed independent association of total bilirubin with
NASH ‘P = 0.016

Unconjugated bilirubin elevated in all spectra of NAFLD, except healthy control
'P=0.008

(
(
(+) NASH on biopsy (selected)

High UCHB in advanced NASH group

P < 0.039; °P < 0.001; P = 0.007; °P = 0.016; ‘P = 0.008. (+) favourable design; (-) unfavourable design; OR: odds ration; US: ultrasound; r: relative coefficient; P:
Probability; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

for NASH and less commonly elevated in the advanced
cohort of NASH. It is worth noting that the study did
not demonstrate cytochrome ¢ to be elevated as expected
which contradicts multiple previous studies and notably
did not check for underlying haemolysis in patient cohort
either therefore a cautious approach should be taken with
all results of this study.

DISCUSSION

Despite the heterogeneous nature of studies address-
ing the association of bilirubin with NAFLD including
large variation in sample size and specific bilirubin type
(s) measured there was consistent inverse association
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of raised total bilirubin, conjugated and uncojugated
hyperbilirubinemia with NAFLD, across populations in
Asia and America. Although Tarantino ef al™ data con-
tradicted these findings, the poor study design and failure
to demonstrate other expected findings make result inter-
pretation from this study highly speculative. But given the
sample size and study design variation of the remaining
studies, these results can only be regarded as showing a
tentative association with disease reduction but combined
with a plausible biological mechanism, they raise the in-
triguing possibility of a causative relationship.

This review is limited due to the small number of
studies on this topic and the heterogeneity of these stud-
ies. Given this pooled analysis could not be carried out.
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Despite the shortcoming of the studies in this review,
there is a consistent reported inverse association between
high bilirubin and NAFLD, except in one study, which had
very small sample size, and therefore no statistical inference
can be attained from this study. Notably to date most stud-
ies have suggested undiagnosed Gilbert’s syndrome as the
cause of unconjugated hyperbilirubinemia although none
of the studies have validated this with analysis of UGT1A1
genetic mutation. Although Gilbert’s syndrome may ac-
count for some of these patients, another possibility is
that unconjugated hyperbilirubinemia may be an initial
acquired response to oxidative stress and thus represents
the liver’s intrinsic anti-oxidative capacity, but is not sustain-
able due to repeated insults. Notably Gilbert’s syndrome is
more commonly diagnosed in men and sex steroids may
influence bilirubin metabolism with higher production in

P23 showed

men"”. Two studies included in this review
higher preponderance of men with unconjugated hyper-
bilirubinemia. Therefore future studies are required to
verify the inverse correlation of bilirubin to NAFLD in
large, prospective cohort study in multiple populations
along with the analysis of UGT7.47 gene to expound
upon underlying cause of unconjugated hyperbilirubinae-
mia in this cohort.

Although a direct effect of bilirubin maybe likely,
other parts of the heme catabolism such as the effect on
iron homeostasis may also be relevant. Heme catabolism
represents a key function in mobilising macrophage iron
derived from ingested erythrocytes. Importantly, the stor-
age and processing of iron from erythrophagocytosis by
macrophages within plaque appear to play a vital role in
plaque progression” . Accordingly, it has been demon-
strated that erythrocytes induce plaque vulnerability in a
dose-dependent manner in a rabbit model of intra-plaque
haemorrhage''!. Furthermore, it has been found that the
effect of HO-1 on iron homeostasis within macrophages
may represent a new tool to prevent foam cell formation
and atherosclerotic lesion progression. A protective ef-
fect of iron depletion that may have multiple beneficial
consequences is decreased availability of redox-active
iron in vivo. The amount of free iron available at sites of
oxidative or inflammatory injury appears to be a function
of the stored iron level. Indeed, a recent study found that
the cytoprotective effect of HO-1 induction or forced
expression (which usually leads to concomitant elevated
serum bilirubin level) may derive from temporary elevat-
ed expression of ferritin, and consequent reduction of
redox-active iron'. Alongside this, there is accumulating
evidence to suggest that excessive hepatic iron accumula-
tion in NAFLD is one of the potential cofactors involved
in the enhanced oxidative stress, which triggers liver cell
necrosis and eventually fibrosis” . There are potentially
multiple mechanistic underpinnings for the beneficial as-
sociation of bilirubin with NAFLD.

The development of antioxidant therapeutics is gain-
ing prominence as the pathophysiological foundation of
oxidative stress in cardiovascular disease, neoplasia and
NAFLD is better understood™”. Significant numbers
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of studies have focused on using vitamin based antioxi-
dant therapy to assess prevention of cardiovascular or
neoplastic disease. Despite replicable ir vitro evidence to
support antioxidant vitamin use, this has poor correlation
with iz vive subjects showing conflicting results at best to
date. Further ongoing large randomised controlled trials
results are awaited . This disparity is likely due to any
exogenous vitamin antioxidants’ inability to meaningfully
influence intracellular antioxidant levels™”.

Bilirubin is recognised to have antioxidant activity so
inducing “iatrogenic Gilbert’s syndrome” is another strat-
egy for advancing antioxidant therapeutics which involves
using drugs that promote the unconjugated hyperbilirubi-
naemic state. This strategy may overcome the difficulties
of achieving sufficient antioxidants at intracellular level
as bilirubin’s main antioxidant action appears to act not
as a direct radical scavenger given its low concentration
in tissue. But instead as a potent and specific inhibitor
of the membrane bound NADPH oxidase, a key soutce
oxidants in both phagocytic and non-phagocytic cells",
Probenecid, a uricosuric agent is known to decrease
hepatic glucuronidation activity, leading to hyperbiliru-
binaemia which has been observed only in multiple case
reports but not formally evaluated in studies in dose-
dependent manner”*. It is known to be well tolerated
but decreasing glucuronidation activity will increase half
life of commonly used medication such as paracetamol
and lorazepam and thus may hinder the application of
this drug and strategy". Rifampicin could be another
possible candidate, it causes hyperbilirubinaemia by in-
hibiting the transporter which accelerates hepatocyte up-
take of bilirubin”"”. But rifampicin can cause significant
side effects which include liver failure although in a small
proportion of patients, this would entail closer monitor-
ing. Sodium valproate has a similar mechanism of action
to rifampicin but due to many side effects and poor toler-
ability would be unsuitable for this application.

Oral administration of bilirubin or its precursor
biliverdin which is more soluble is another possible av-
enue but this strategy is limited by the lack of evidence
showing increased bilirubin levels after oral administra-
tion other than in mice and rat models'**". Even if clear
evidence was obtained the mass production of bilirubin
1s complex and costly thus would be a major obstacle to
overcome™.. Phycobilins that are structural analogues
of biliverdin are produced readily by plants, algae and
cynobacteia which may provide feasible alternatives to
bilirubin®”. Both in animal models and ir vitro studies
phycobilins have been shown to have comparable effect
to bilirubin”"*. Further research in this area with human
subjects is awaited.

To conclude once the protective association between
uncojugated hyperbilirubinaemia and NAFLD is veri-
fied. The focus of preventing NAFLD progression and
development should consider bilirubin induction therapy
randomised double blind controlled trials to assess the
clinical value of this treatment. Thereafter it remains to
be shown how popular this treatment would be as patient
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will be icteric. Although equally with weight reduction as
the current mainstay of NAFLD prevention, this strategy
has its own limitations and therefore optimal treatment
options which are acceptable to patients continues to be
a key challenge in this area.

COMMENTS

Background

Obesity is a growing epidemic in the western world and if it is not controlled
and reversed it is associated with type 2 diabetes, hypercholesterolaemia and
coronary artery disease. The hepatic manifestation of this multi-organ disease
is non-alcoholic fatty liver disease (NAFLD). This hepatic dysfunction can
eventually lead to cirrhosis and hepatocellular carcinoma. At present there is no
effective treatment available and the key current management is prevention by
weight reduction. High levels of bilirubin (hyperbilirubinaemia), which is naturally
occurring anti-oxidant in the human body has been shown to prevent progres-
sion of NAFLD in some studies. This paper evaluates all studies in relation to
this, to the look at the current strength of evidence and the potential application
of anti-oxidants in this setting.

Research frontiers

Preventing NAFLD progression is a key area of research, inducing hyperbili-
rubinaemia represents a potential solution. Laboratory based research as well
as on animal models has shown high levels of bilirubin to have protective and
preventative effect on NAFLD and other diseases processes related to obesity.
But this relationship needs to be substantiated in human subjects.

Innovations and breakthroughs

Although most studies evaluated in this review suggest there is likely a protec-
tive association between high bilirubin levels and NAFLD progression and pre-
vention. The poor design of these studies is prohibitive to allow any meaningful
conclusion. There is a need for good quality large prospective cohort study in
multiple populations to test this hypothesis fully, which should also included
analysis of UGT1A1 gene to expound upon underlying cause of unconjugated
hyperbilirubinaemia.

Applications

This review allows readers to appreciate and evaluate current progress in this
area of research. The case for protective association of hyperbilirubinaemia
with NAFLD needs to be corroborated with good quality studies. They are mul-
tiple drug options available to induce hyperbilirubinaemia but these drugs need
to be tested in randomised controlled trial setting.

Terminology

Bilirubin is a naturally occuring substance in the blood which comes from break
down of red blood cells. It is an anti-oxidant (protects cells again harmful sub-
stances) and appears to also have an anti-inflammatory effect. High level of
bilirubin gives the jaundiced appearance.

Peer review

Itis a good review article, the authors provide updates of the fatty liver diseases
with a Q and A format for easy reads.
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