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Personalizing care for nonalcoholic fatty
liver disease patients: what are the
research priorities?

Nonalcoholic fatty liver disease (NAFLD) is a common chronic liver disease whose
prevalence has reached global epidemic proportions, not only in adults but also
in children. From a clinical point of view, NAFLD stems a myriad of challenges to
physicians, researchers and patients. In this study, we revise the current knowledge
and recent insights on NAFLD pathogenesis and diagnosis in the context of a
personalized perspective with special focus on the following issues: noninvasive
biomarkers for the evaluation of disease severity and progression, lifestyle-related
patients’ recommendations, risk prediction of disease by genetic testing, management
of NAFLD-associated comorbidities and patient-oriented therapeutic intervention

strategies.
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Nonalcoholic fatty liver disease (NAFLD)
is a common chronic liver disease whose
prevalence has reached global epidemic
proportions, both in adults and children [1].

By definition, NAFLD develops in the
absence of significant alcohol consump-
tion and other causes of secondary hepatic
steatosis [2]. From a morphological point
of view, NAFLD refers to the abnormal
accumulation of triglycerides in the liver
cells, which may progress from a benign
histological disease stage characterized by
plain fat accumulation (called as simple
steatosis) to a more severe histological
form characterized by liver cell injury,
a mixed inflammatory lobular infiltrate
and variable fibrosis named nonalcoholic
steatohepatitis (NASH) (3]. The histologi-
cal diagnosis is based exclusively on a liver
biopsy, which is currently the gold stan-
dard for defining the disease diagnosis and
prognosis accurately [2].
this method is prone to patient complica-

Unfortunately,

tions, expensive, done in a special setting,
and may be biased as a small portion of
hepatic tissue is sampled.

Interestingly, NAFLD is not merely a
liver disease but is now regarded as the
hepatic manifestation of the metabolic
syndrome (MetSyn) and has been associ-
ated with increased cardiovascular disease
(CVD) risk [4-7.

Once diagnosed, treatment of NAFLD is
complex and often requires pharmacological
intervention to treat both the liver disease
and its associated risk factors, such as insu-
lin resistance (IR), abnormal circulating
lipid profiles or arterial hypertension. More-
over, lifestyle intervention, including weight
loss and physical activity/exercise, showed
favorable effects on liver fat reduction and
improvement in insulin sensitivity.

Hence, in this complex scenario, NAFLD
stems a myriad of challenges to physicians,
researchers and patients.

In this study, we revise the current knowl-
edge and recent insights regarding NAFLD
pathogenesis and diagnosis in the context
of a perspective on personalized medicine.
Box 1 shows a comprehensive list of research
priorities identified as challenging problems
in the management of NAFLD.
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Box 1. Challenging problems in the management of nonalcoholic

fatty liver disease and future research priorities.

Disease diagnosis: biomarker discovery for noninvasive exploration

of advanced disease

¢ The meaning of elevated/normal liver transaminases (ALT and AST)

* The role of noninvasive biomarkers for evaluation of disease
progression

e The role of combined panels of multi-biomarkers to early disease
diagnosis

* The timing of indicating a liver biopsy to patients with fatty liver

Physicians to NAFLD patients’ recommendations

e Alcohol abstinence or tight restrictions on alcohol consumption

opposed to moderate alcohol intake

Coffee intake or restriction

* The best dietary indication: a balanced macronutrient composition

Lifestyle intervention and physical activity

Risk prediction of disease by the use of genetic testing

e The role of SNPs in the stratification of disease risk and progression

e The role of genetic markers in the prediction of liver cancer associated
with the disease

* Interaction between gene variants and nongenetic risk factors

NAFLD and the systemic risk of comorbidities

e The role of NAFLD as surrogate of CVD risk

e Further assessment of associated CVD and insulin resistance

¢ Intermitent hypoxia and obstructive sleep apnea

Treatment approaches

e Pharmacogenetics and tailoring therapeutic strategies

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CVD: Cardiovascular
disease; NAFLD: Nonalcoholic fatty liver disease.

NAFLD: noninvasive disease evaluation of
histological disease progression

NAFLD has no definitive either biochemical marker
or imaging method for predicting the degree of his-
tological disease severity noninvasively. During earlier
decades, NAFLD was diagnosed by the use of liver
ultrasound and the measurement of serum levels of
aminotransaminases, which if mildly elevated were
regarded as a surrogate indicator of serious disease.
Nevertheless, levels of serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) consid-
ered in the ‘normal’ range can be observed in some
patients with advanced stages of NAFLD ([s]. Thus,
liver enzymes are no longer considered as diagnostic
criteria for indicating a liver biopsy to an NAFLD
patient. In addition, this is not the only aspect that
should be revised regarding the use of liver enzymes in
the clinical setting. Recent explorations on changes in
the liver metabolism during NASH development [9.10],
along with remarkable findings from high-throughput
circulating profiling of metabolic status in patients
with MetSyn [11-13] prompted us to speculate that ele-
vated levels of ALT and AST in patients with NAFLD
are a consequence of a deregulated liver metabolism of
amino acids, including glutamate and aromatic amino
acid, rather than a mere biomarker of liver injury [14].

Indeed, we postulated that abnormal levels of liver
enzymes might reflect high levels of hepatic transami-
nation of amino acids in the liver tissue [14], and we are
currently testing this hypothesis. Thereby, the biologi-
cal meaning of elevated serum levels of ALT and AST
should be explored in the frame of the global patients’
metabolic profile to understand the specific process
they are linked to.

On the other hand, there have been substantial
efforts to find an ideal biomarker for predicting non-
invasive liver fibrosis. The more replicated efforts were
done by the use of: an imaging method named transient
elastography (TE), which measures liver stiffness; and
a biochemical marker that measures plasma levels of
caspase-cleaved cytokeratin-18 fragments, also known
as cytokeratin-18 fragments. Nevertheless, a recent
meta-analysis of current studies showed that neither
approach has enough sensitivity for early and accu-
rate diagnosis of disease progression [15]. For instance,
transient elastography showed a sensitivity and speci-
ficity for early liver fibrosis prediction of 79 and 75%,
respectively, and the technique failed in obese patients
(15]. Similarly, plasma levels of CK18 fragments showed
a pooled sensitivity of 66% and specificity of 82% in
diagnosing NASH [15].

More recently, the search for the ideal biomarker
for NAFLD diagnosis was focused on small noncod-
ing RNA molecules called miRNAs that are not only
key regulators of gene transcription but also mirror
the status of the tissue of which they are derived from
accurately. In this regard, miRNA-122 has captured
the focus of the research, as it is produced mostly in the
liver tissue. Others [16] and we [17,18] observed that while
miRNA-122 is as much sensitive and specific for pre-
dicting NASH as both CK18 and liver enzymes are, its
performance is far from an ideal biomarker. Therefore,
the search for the ideal biomarker continues.

A future research agenda should focus on the util-
ity of composite panels [1920] that may combine the
utility of different novel biomarkers and canonical
risk factors that help clinicians to score the risk of
their patients individually to develop a more advanced
disease. Eventually, a multiscoring panel might
minimize the need for a liver biopsy for distinguish-
ing between simple steatosis disease and NASH [19]
if combined with anthropometric data and genetic
information (Figure 1).

Physician—patient recommendations

& challenges of personalized medicine

While NAFLD is defined by exclusion of alcohol
consumption, a recent paradox has challenged clini-
cians who often recommend alcohol abstinence to
NAFLD patients or apply tight restrictions on alcohol
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consumption under the assumption that alcohol drink-
ing might aggravate the liver injury. Surprisingly, epi-
demiological studies suggested that the prevalence
and histological disease severity of NAFLD p21] are
lower for people who drink modest amounts of alco-
hol than for abstainers. In our population, NAFLD
and NASH prevalence and serum liver enzymes and
systemic inflammatory markers were lower in subjects
who took modest amounts of alcohol compared with
abstainers [22]. In addition, quantitative evidence from
a recent meta-analysis performed for our group showed
a significant protective effect of about 31% on the risk

of having NAFLD associated with modest alcohol con-
sumption; the study included 43,175 adult individu-
als: 30,791 nondrinkers and 12,384 modest drinkers
(22]. This beneficial effect seems to be independent of
covariates, such as BMI, but was much influenced by
sex (among females, the protective effect of modest
alcohol consumption on NAFLD was higher, ~53%
than in males, ~30%) [22]. In relation to the severity of
the histological disease, modest alcohol consumption
showed an average protective effect of about 50% on the
risk of developing an advanced disease stage (NASH);
data from 822 patients who were diagnosed by liver

Personalizing care for NAFLD

/_\Personaized diagnosis and

evaluation of disease risk

Personalized
treatment and tailored = ——

Patient genetic
make-up

|

Personalized
recommendations

|

Delineates future
research agenda

Use of composite panels that
include biochemical
determinations and genetic
information

¢ Patient’'s recommendations
according to individual metabolic
profile and systemic-associated
disease conditions

¢ Routine measurement of
cardiovascular disease risk

* Nutritional intervention
according to patient’s needs

interventions

* Balanced macro- and
micro-nutrient and vitamin
composition

* Patient-oriented drug
intervention

Identify
individuals at risk T

* Pharmacogenomic
research

¢ Intergration of genomic and
phenotypic data

Figure 1. Nonalcoholic fatty liver disease: proposed challenges and future research agenda. An integration of
histological information and complete patient health records with the individual genomic make-up would be
the ideal frame for redirecting traditional clinical care into a personalized perspective. This integrative approach
may orientate the research priorities to diagnostic strategies, patients’ recommendations and pharmacological
intervention. The maximum goal would be to move toward a personalized medicine that integrates electronic
health records with patients’ genomic, transcriptomic, proteomic and metabolomic information.

NAFLD: Nonalcoholic fatty liver disease.

future science group

www.futuremedicine.com

737



Perspective

Sookoian & Pirola

biopsy (550 nondrinkers and 272 modest drinkers) [22].
The exact biological effect of modest alcohol drinking
on the natural history of NAFLD is still unclear and
more experimental and molecular studies are needed.
A putative explanation of these observations might be
related to either the systemic anti-inflammatory effect
of low doses of alcohol, or the protective effects of poly-
phenols found in red wine, including resveratrol. For
instance, alcohol is able to modulate adipocytokines
[23], inflammasome activation [24] and the microbiome
(25]. These findings are in line with other components
of the MetSyn [26].

Furthermore, clinicians often restrict coffee intake
to patients with CVD because of the putative deleteri-
ous effects on the cardiovascular system, as shown in a
recent meta-analysis that concluded that in hypertensive
individuals, caffeine intake produces an acute increase
in blood pressure greater than 3 h [27]. Surprisingly, a
second paradox was found regarding coffee intake and
NAFLD histological outcomes because while coffee
abstinence is associated with a lower hypertensive risk,
recent epidemiological evidence demonstrated that cof-
fee intake is inversely associated with advanced fibrosis
(28]. Supporting this observation, Saab and coworkers
showed that coffee consumption was associated with
improved serum levels of liver enzymes, as well as with
a decreased risk of progression to cirrhosis and lowered
mortality rate in cirrhosis patients with NAFLD and
chronic hepatitis [29].

Finally, recommendations should be oriented to
modifications of patients’ lifestyle behaviors. Timely
lifestyle intervention programs are the first line of
therapeutic approaches in patients with NAFLD [30);
diet and nutrition intervention showed substantial
results specifically when decreased calorie consump-
tion was advised to overweight or obese patients [31]. In
fact, moderate weight reduction is currently the most
replicated intervention in terms of beneficial effects on
improving liver enzymes, reverting liver fat infiltration
and histological outcomes [32].
the
is still under debate as to whether patients should be

Nevertheless, ideal nutritional intervention
recommended either low-fat or low-carbohydrate diet,
including restrictions of refined carbohydrates and
saturated fats [33]. Surprisingly, a recently published
experimental study in rodents showed that is not the
amount of food but the macronutrient balance that
dictates health consequences [34]. Of note, low-protein,
high-carbohydrate diets were associated with increased
lifespan and lessened cardiometabolic risk, and these
beneficial diets could induce the unexpected effect by
hepatic mTOR activation via branched-chain amino
acids and mitochondrial function [34]. A note of cau-
tion should be added to these observations; first, the

experiment was conducted in mice, which are distant
from humans in terms of energy balance and regulation
of liver/systemic metabolism; and second, there is no
confirmation that this effect can be translated to dis-
eased individuals. In addition, high-carbohydrate diets
might be risky to implement in patients with NAFLD
and Type 2 diabetes.

A final concept should be introduced about the
role of physical activity and exercise on improving the
liver phenotype. A study that prospectively enrolled
NAFLD patients proven by liver biopsy pre- and post-
lifestyle intervention showed that moderate exercise
was as effective as a moderate fat/low processed carbo-
hydrate diet in improved liver histology [35]. Whether
short or long-term aerobic or resistance training [36,37] is
the best approach is still under debate.

Notably, we demonstrated that epigenetic changes
could offer a mechanistic explanation on the impor-
tance of unstructured exercise in the modification of
the histological picture of NAFLD [38]. We observed
that regular exercise was significantly and inversely
associated with the level of methylation of genes of the
mitochondrial DNA, specifically a key mitochondrial
gene involved in oxidative phosphorylation, such as
the MT-NDG6, an epigenetic modification associated
with lowering the expression of protein and structural
changes in mitochondria [38].

In conclusion, it is time to revise our current knowl-
edge concerning the best lifestyle interventional pro-
gram and to think about how to translate these results
into tailored, patient-oriented advice. The recommen-
dations we offer to NAFLD patients should be integra-
tive in terms of suggested lifestyle changes, including
behavioral support [39] and patients’ preferences.

Risk prediction of disease susceptibility & the
role of genetic testing

Although the pathogenesis of NAFLD is not under-
stood fully, a growing body of evidence indicates that
the disease develops from a complex process in which
many factors, including genetic susceptibility and envi-
ronmental insults, are involved. While candidate gene
association studies identified several loci associated
with the disease susceptibility and progression [40-44],
data from the first genome-wide association study on
NAFLD have significantly contributed to our knowl-
edge of the genetic component of the disease [45]. The
authors of the Dallas Heart Study observed an asso-
ciation between fatty liver and a nonsynonymous SNP
of PNPLA3 (also known as adiponutrin or calcium-
independent phospholipase A2-epsilon), the rs738409
C/G variant, (encoding an amino acid substitution
1148M) [45]. This finding was thereafter replicated
widely around the world, confirming that the G allele
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in the coding strand is significantly associated with
an increased risk of hepatic triglyceride accumulation
and fatty liver disease [46]. Interestingly, we replicated
the initial finding in NAFLD patients proven through
biopsy and demonstrated [47] that the rs738409 was
also significantly associated with histological disease
severity and disease progression (odds ratio 1.88 per
G allele; 95% CI: 1.03-3.43; p < 0.04). Moreover, we
confirmed that the risk effect of the rs738409 on devel-
oping fatty liver is perhaps one of the strongest ever
reported for a common variant modifying the genetic
susceptibility for complex diseases (5.3% of the total
variance) [47].

Of note, annotation of nearby SNPs in LD with the
15738409 shows the SAMMS50 gene, which is a compo-
nent of the sorting and assembly machinery complex
of the outer mitochondrial membrane [48]. Interest-
ingly, a nonsynonymous SNP (rs3761472) in SAMM50
was associated with elevated liver enzymes [49], thus,
SAMDMS50 represents an attractive candidate gene for
follow-up studies and for exploration of epistatic and
gene—gene interaction effects [44].

Even though no doubt exists concerning the impact
of the rs738409 on the natural history of NAFLD, many
important questions remain unanswered, for example,
whether or not the 5738409 has a place in individual
risk assessment of NAFLD. Indeed, one may wonder
whether the effect of the rs738409 not only on modify-
ing disease susceptibility but also on disease progres-
sion can facilitate the implementation of personalized
medicine, in which individual risk assessment can be
tailored to an individual genetic profile.

Answers to these questions have been given par-
tially for individual studies. For example, Kotronen
and coworkers evaluated the performance of predicting
NAFLD by combining routine clinical and laboratory
data and the rs738409 genotypes, and observed a sen-
sitivity of 86% and specificity of 71% in the estimation
of increased liver fat content [s0]. Surprisingly, addition
of the genetic information to the score improved the
accuracy of the prediction by less than 1%.

Even more challenging is the possibility of incorpo-
rating the genetic markers to a noninvasive test that dis-
criminates between simple steatosis and NASH. In this
regard, the incorporation of genetic tests is not promis-
ing owing to the relatively small effect associated with
the risk of advanced disease [44]. Perhaps, as already
mentioned, combining genetic, demographic and envi-
ronmental factors may improve the performance of
the test [51].

Although the performance of genetic testing
in predicting disease progression is limited, some
interesting results were reported in patients with cir-
thosis and hepatocellular carcinoma in whom a higher

risk of cancer was observed in subjects homozygous
GG for the rs738409 variant [s2]. While this obser-
vation suggests that PNPLA3 might be involved in
hepatocarcinogenesis, the final answer remains to be
elucidated [s3).

A different approach of the use of genetic testing
based on the rs738409 is focused on the potential of
interacting with either environmental variables or Met-
Syn phenotypes. For instance, it was shown in a small
number of subjects that a genetic variation in PNPLA3
might confer sensitivity to weight loss-induced decrease
in liver fat in obese patients, as weight loss was more
effective in decreasing liver fat in subjects who were
homozygous for the rs738409 G allele [54].

Nevertheless, the best scenario to understand the
interplay between genetic risk and environmental clues
is the study of epigenetic marks, either DNA methyla-
tion or histone post-translational modifications. The
dynamic nature of epigenetic modifications is not
only an ideal explanation to explain how intermediate
phenotypes associated with fatty liver are linked, for
example, to IR [5556], but is also an attractive target of
therapeutic intervention [38,56].

A final consideration for the future research agenda
is the exploration of rare variants in the pathogenesis
of NAFLD. A recent multi-ethnic exome-wide associa-
tion study of liver fat content showed that the rs738409
and rs2281135, both located in the PNPLA3 locus, are
still among 138,374 sequence variants most signifi-
cantly associated with liver fat content [s7]. Neverthe-
less, it is important to note that thousands of patients
and controls are needed to reach valid conclusions.
All these studies were based on the hypothesis ‘com-
mon variants for common diseases’. With the advance
of next-generation sequencing technologies, either for
whole-genome or whole-exome sequencing, we can
start testing the alternative hypothesis ‘rare variants for
common diseases’ with the hope of finding rare variants
but with much higher effects, such as those associated
with Mendelian traits.

NAFLD & the systemic risk of associated
comorbidities

As mentioned before, NAFLD is associated with a
significant risk of CVD and an increased morbidity
and mortality associated with cardiovascular events
(4]. Indeed, the problem behind this association is that
NAFLD is involved critically in the development of a
CVD-proned profile. For example, we demonstrated
that NAFLD is associated not only with abnormal cir-
culating levels of molecular mediators of atherosclero-
sis (including soluble intercellular adhesion molecule,
sICAM-1, plasminogen activator inhibitor, PAI-1 and
soluble CD40 ligand, sCD40L), but is also involved
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in its abnormal expression in the liver [6]. These find-
ings are translated clinically into a more pronounced
risk of atherogenesis [5]. In addition, when compared
with simple steatosis, patients with NASH show sig-
nificantly increased levels of liver expression of genes
associated with endothelial damage, blood pressure
regulation, inflammation and cytokine signaling, cell
proliferation/growth, extracellular matrix remodeling
and cell adhesion-cell-matrix [7].

Thus, patients with NAFLD may benefit from a per-
sonalized care that specifically includes, for example,
routine measurement of atherosclerotic plaques in large
arteries.

NAFLD: tailoring therapeutic strategies to
individual patient’s profiles

Patients with NAFLD are frequently offered thera-
peutic interventions that are focused specifically on
improving the associated disease conditions, for exam-
ple, IR or dyslipidemia [s8]. The drug spectrum varies
and the most explored pharmacological interventions
are pioglitazone and vitamin E [s9]. Nevertheless, the
spectrum is being currently enriched by the inclusion
of drugs that focus on molecular targets, for instance, a
natural agonist of the farnesoid X receptor involved in
the regulation of glucose and lipid metabolism [60]. In
addition, to treat obesity complications, bariatric sur-
gery is also advised to patients who have morbid obesity
(s8] and incretin action enhancers are an option [61].

Nevertheless, from the personalized perspective,
treatment options should be integrated into a thera-
peutic model to include a holistic intervention that
considers, for instance, treatment of cardiovascular
complications and reduction of the risk of cardiovas-
cular morbidity and mortality. For example, we dem-
onstrated that the use of losartan — an angiotensin 1I
type 1 receptor (AT1R) antagonist reduces hepatic
expression of PAI-1 [62]. Moreover, we observed that
patients with NAFLD treated with enalapril because of
arterial hypertension showed significantly lower scores
of liver fibrosis when compared with matched patients
(7]. Consequently, treatment approaches should include
global risk management and drugs should be targeted
to this goal.

Finally, although we carefully select the best drug
that fit the patient profile, challenges remain. For
instance, we might target the pharmacological inter-
vention by previous exploration of patient’s genetic pro-
file (44]. This kind of strategy based on pharmacogenet-
ics, which was performed in other liver diseases [63], is
still unexplored in the field of NAFLD but is promis-
ing. In fact, using systems biology, we suggested that
vitamin E shows a chemical-protein interaction with

CYP4F2 (cytochrome P450, family 4, subfamily F,

polypeptide 2) and looking at genetic variants of
CYP4F2, perhaps one may predict patients’ treatment
responses to vitamin E therapy [44.61].

A more complex scenario, yet poorly explored, might
be the stratification of patients’ response to medica-
tions or lifestyle intervention according to their genetic
background. In addition, it might be interesting to
explore the interaction between patients’ genetic back-
ground and environmental risk factors (i.e., diet). For
instance, a recent study showed that overweight and
dietary sucrose might modify the association between
rs738409 and fasting triglyceride levels [64]. Moreover,
Santoro et al. showed that the interaction between
genetic background (rs738409) and dietary dysbalance
of omega-6 (n-6) and omega-3 (n-3) polyunsaturated
fatty acids may contribute to liver damage in obese
children [6s].

Conclusion

NAFLD has captured the attention of physicians of
different disciplines and is high among the causes of
consulting medical practitioners around the world.
In addition, NAFLD is a serious disease problem that
clinicians need to deal with. Consequently, NAFLD
challenges ordinary clinical practice and invites phy-
sicians to improve both conventional diagnostic pro-
cedures and therapeutic approaches. The knowledge
of the human genome sequence and the availability
of recent technologies to decipher individual patients’
genetic make-up also invite a fully integrated genomic
medicine. Nevertheless, integration of the ‘omics’ tech-
nologies and phenotypic data is still full of uncertain-
ties. Hopefully, future research programs that integrate
health records — ideally electronic ones — with patients’
genomic, transcriptomic, proteomic and metabolomic
information will change our ability to control or cure
the disease eventually.

Future perspective

The field will evolve in the future by targeting an inte-
grative approach of NAFLD diagnosis and therapeu-
tics. For instance, the application in the clinical set-
ting of a multi-scoring panel that not only minimizes
the need for a liver biopsy for distinguishing between
simple steatosis and NASH but also predicts a patient’s
global metabolic risk might be combined with a
patient’s genetic make-up and other data gathered from
omics technologies to choose the right therapeutic pro-
gram and to predict the individual chances of response
(Figure 1). This personalized diagnosis will improve our
capability to understand the disease biology and allow
us to deal with a tailored medical intervention. Whether
this strategy will evolve from whole-genome sequencing
is not known. Nevertheless, practical implementation

740

Per. Med. (2014) 11(8)

fsg

future science group



Personalizing care for nonalcoholic fatty liver disease patients: what are the research priorities? Perspective

of this kind of approach together with the limitations
of these technologies remains an enormous challenge.
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Executive summary

Background

measurement of cardiovascular disease risk.

fit their metabolic profile better.
Role of epigenetic changes in disease biology

e The relevance of 4P medicine (predictive, personalized, participatory and preventive) in a multifactorial
disease such as nonalcoholic fatty liver disease (NAFLD) is highlighted below:

Noninvasive disease evaluation of histological disease progression

e The biological meaning of routine biochemical test, like serum aminotransferases should be revised in the
context of NAFLD-associated systemic metabolic disorders.

Physician—patient recommendations & challenges of personalized medicine

e A patient-oriented portfolio of recommendations, including lifestyle and dietary restrictions/permissions,
like alcohol or coffee intake in moderate amounts is suggested in patients with NAFLD to balance the narrow
window between maximum protection and harm, which is not the same in men and women.

e Patients with NAFLD may benefit from a personalized care that includes specifically, for example, routine

e The ideal nutritional intervention should be revised to advise patients to the most suitable diet composition to

e Epigenetic changes, specifically mitochondrial epigenetics, suggest a mechanistic explanation regarding the
importance of lifestyle intervention and the outcome of the histological picture of NAFLD.

Tailoring therapeutic strategies to individual patient’s profiles

e Pharmacological intervention should include a deep knowledge of the biological effects of the selected drug
and a patient-oriented interventional approach. Pharmacogenetic studies are needed to understand the
causes of patients’ nonresponsiveness or adverse effects to used drugs.
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