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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most 
common and emerging form of chronic liver disease 
worldwide. It includes a wide spectrum of liver dis-
eases ranging from simple fatty liver to steatohepatitis, 
which may progress to cirrhosis, liver cancer, and liver 
mortality. Common metabolic diseases, which are well 
established cardiovascular risk factors, have been as-
sociated to NAFLD and cardiovascular disease is the 
single most important cause of morbidity and mortality 
in this patient population. The pathogenesis of NAFLD 
appears multifactorial and many mechanisms have 
been proposed as possible causes of fatty liver infiltra-
tion. Management of fatty liver has become a major 
challenge to healthcare systems as the consequence 
of the increasing rates of obesity worldwide. First-line 
management focuses on lifestyle modifications. Moder-
ate weight reduction either by dietary restriction or by 
increased habitual physical activity is safe and highly 
recommended. Several therapeutic interventions have 
been proposed. These include insulin sensitizer agents, 
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lipid lowering drugs, antioxidants such as vitamin E 
and supplementation of vitamin D3. However, thera-
peutic strategies have been largely empirical so far, 
and experimental trials have mostly been carried out in 
uncontrolled settings with small sample sizes. Metabolic 
conditions such as diabetes mellitus, obesity, hyperten-
sion and hyperlipidemia, should be strongly considered 
and a multidisciplinary approach should be personal-
ized for individual patients. Treatment of co-morbidities 
should be regarded as of paramount importance in the 
management of these patients. The purpose of this re-
view is to examine different approaches for the clinical 
management of non-alcoholic fatty liver disease. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Management of fatty liver has become a 
major challenge to healthcare systems as the conse-
quence of the increasing rates of obesity worldwide. 
Several therapeutic interventions have been proposed, 
which include moderate weight loss, insulin sensitizer 
agents, lipid lowering drugs, antioxidants such as vita-
min E and treatment of vitamin D3 deficiency. However, 
therapeutic approaches have been largely empirical 
and experimental trials have mostly been carried out 
in uncontrolled settings with small sample sizes so far. 
Treatment of coexisting metabolic conditions should be 
regarded as of paramount importance in the manage-
ment of these patients. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) represents 
the most common and emerging form of  chronic liver 
disease worldwide. It is increasingly detected by routine 
abdominal ultrasound examination. Indeed, NAFLD 
reached epidemic proportions and the general prevalence 
of  this condition is reported ranging between 20%-30% 
and 70%-90% respectively in patients with severe obesity 
or with type 2 diabetes mellitus[1-4]. 

NAFLD includes a wide spectrum of  liver diseases 
ranging from simple fatty liver to non-alcoholic steato-
hepatitis (NASH), which may progress to fibrosis and 
even cirrhosis and hepatocellular carcinoma. Simple ste-
atosis generally represents a benign condition following 
a non-progressive clinical course. By contrast, a subset 
of  patients with NASH, in particular those with a more 
severe fibrosis, are at higher risk for progressing to liver 
disease complications[5]. In fact, about 25% of  patients 
affected by NASH can develop cirrhosis with the subse-
quent risk of  hepatocellular carcinoma (HCC)[6]. More-
over, the rising number of  HCCs developing into non 
cirrhotic NASH liver is becoming a cause for concern[7,8].

The pathogenesis of  non-alcoholic and virus-negative 
liver steatosis and NASH appears multifactorial and many 
mechanisms have been proposed as possible causes of  
fatty liver infiltration[9]. The association of  steatosis with a 
number of  different clinical conditions has been suggest-
ed. Common metabolic diseases, such as hyperlipidaemia, 
type 2 diabetes and central obesity, are well established car-
diovascular risk factors and have been associated to both 
benign liver steatosis and progressive NASH[10]. Moreover, 
it has recently been proposed that the metabolic syndrome 
may play a causal role in the pathogenesis of  NASH[11-14].

Management of  NAFLD and NASH has become a 
major challenge to healthcare systems as the consequence 
of  the increasing rates of  obesity worldwide. Since 
NAFLD is usually associated to a number of  insulin 
resistance related conditions, treatment of  comorbid-
ity should be regarded as of  paramount importance in 
the management of  these patients. Several therapeutic 
interventions have been proposed, which include weight 
reduction, insulin sensitizer agents, lipid lowering drugs, 
antioxidants such as vitamin E and treatment of  vitamin 
D3 deficiency (Table 1). However, therapeutic strategies 
have been largely empirical so far and experimental tri-
als have mostly been carried out in uncontrolled settings 
with small sample sizes.

NAFLD AND OBESITY: A ROLE FOR 
LOW-CALORIE DIET, EXERCISE AND 
BARIATRIC SURGERY
Diet is an important contributor to the pathogenesis of  

NAFLD and a healthy low-fat diet may have benefits in-
dependent of  weight loss.

Some studies demonstrated favourable effects of  the 
Mediterranean diet on NAFLD. Recently, Ryan et al[15] 

demonstrated in an insulin-resistant population with 
NAFLD a reduction of  liver steatosis and an improve-
ment of  insulin sensitivity after 6 wk of  the Mediterra-
nean diet, compared to current dietary advice. Moreover, 
Kontogianni et al[16] reported that higher adherence to 
the Mediterranean diet was not associated with a less 
likelihood of  having NAFLD, but it was associated with 
a lower degree of  insulin resistance and less severe liver 
disease among patients with NAFLD. Finally, in a post 
hoc analysis of  a controlled trial conducted in Israel, a 
modified Mediterranean diet was associated with the 
greatest reduction in alanine aminotransferase levels 
(ALT) in obese type 2 diabetes patients[17].

There is evidence that saturated fat and fructose are 
more likely to stimulate hepatic lipid accumulation and 
progression in NASH, whereas unsaturated fat, choline, 
antioxidants and high-protein diets rich in isoflavones 
seem to have a more preventive effect[18-22]. Among poly-
unsaturated fatty acids, in particular, the n-3 fatty acids 
seem to reduce the accumulation of  triglycerides and 
ameliorate hepatic steatosis[23].

Since the majority of  patients with NAFLD are 
overweight or obese, weight reduction either by dietary 
restriction or by increased habitual physical activity or 
by both, is highly recommended. Weight loss is safe in 
patients with nonalcoholic fatty liver disease, and it im-
proves liver histology[24]. Moreover, diet is also effective 
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Table 1  Major proposed interventions for nonalcoholic fatty 
liver disease

Lifestyle intervention
   Calorie restriction
   Mediterranean diet
   Exercise
Medication
   Weight loss drugs
      Orlistat
      Sibutramine
   Antidiabetics
      Metformin
      Pioglitazone
      DPP IV inhibitors
      GLP-1 receptors agonists
   Antioxidants
      Vitamin E
   Statins
      Pravastatin
      Pitavastatin
      Atorvastatin
      Rosuvastatin
   PUFA 
   Vitamin D
   UDCA
   Probiotics
   Berberine
   Silymarin
   Silybin
Bariatric surgery



for the treatment of  metabolic syndrome and is able to 
control its clinical and metabolic features; in fact, central 
obesity, insulin resistance, blood pressure and atherogenic 
dyslipidemia are improved after a modest weight loss 
of  5%-10%[25]. In addition, lifestyle modifications in the 
form of  moderate calorie restriction and weight loss have 
also been consistently associated with reduced oxidative 
stress[25].

The only two registered drugs for pharmacological 
weight reduction, Orlistat and Sibutramine, gave some 
positive results on serum liver enzymes, but not on liver 
histology in patients with NAFLD[26].

Bariatric surgery is considered a quite safe[27] and ef-
fective[28] option for obese patients in reducing weight. 
Despite its known efficacy on decreasing obesity related 
disease[29], at present there is a lack of  randomized con-
trolled trials evaluating the effects of  bariatric surgery in 
patients with NAFLD and NASH. The available studies 
in fact are retrospective or prospective cohort studies. 
Based on these data, a recent Cochrane review concluded 
that because of  a high risk of  bias, a reliable summary 
of  their data is not possible[30]. Thus, well-designed ran-
domised trials to assess benefits and harms of  bariat-
ric surgery as a therapeutic approach for patients with 
NASH are required. 

Short-term aerobic exercise can improve fatty liver 
composition in patients with NAFLD and recent stud-
ies reported reduction in hepatic lipid content also after 
exercise intervention programs which did not induce 
weight loss[31-33]. However, the independent role of  regu-
lar physical activity for NAFLD has been assessed only in 
few studies and the optimal physical activity regimen still 
remains to be determined.

INSULIN RESISTANCE AND THE 
METABOLIC SYNDROME: A POSSIBLE 
ROLE FOR INSULIN SENSITIZER AGENTS 
AND INCRETINS
Insulin resistance is a frequent metabolic abnormality 
affecting approximately 20% of  the non-diabetic popula-
tion and occurring in association with many cardiovas-
cular and metabolic abnormalities. It has been suggested 
that the presence of  insulin resistance is an essential 
requirement for the accumulation of  hepatocellular fat. 
In fact, according to current opinion, the pathogenesis 
of  NAFLD is based on a ‘‘two hits hypothesis’’[5,34]. The 
‘‘first hit’’ involves hepatic triglyceride accumulation (i.e., 
simple steatosis) and is mainly due to insulin resistance 
thus increasing vulnerability to further damage. In fact, 
insulin resistance is responsible for causing abnormalities 
of  lipid storage and lipolysis in insulin sensitive tissues, 
which may induce an increased fatty acid flux from adi-
pose tissue to the liver and cause steatosis. 

Insulin resistance may also cause lipid peroxidation 
which in turn may activate inflammatory cytokines and 
promote the progression of  “innocent” steatosis to non-

alcoholic steato-hepatitis and liver fibrosis. 
In a previous study by our group, when non-diabetic 

subjects were simultaneously categorized by insulin 
resistance and insulin secretion status, those with a pre-
dominant insulin resistance had a higher prevalence of  
severe liver steatosis at ultrasound, thus confirming the 
pathophysiological role of  hyperinsulinemia in the events 
leading to the development of  fatty liver[11]. The same 
subjects had significantly higher body mass index and 
waist circumference and similar blood pressure and se-
rum lipids as compared to those with a prevalent insulin 
secretory defect. Moreover, insulin resistance was associ-
ated with severe steatosis, independently from potentially 
confounding factors such as age, BMI, high fasting glu-
cose and high serum triglycerides[9]. 

Insulin resistance has been demonstrated to unify 
NAFLD to the metabolic syndrome. In fact, it has been 
suggested that fatty liver can be considered as the he-
patic consequence of  the insulin resistance metabolic 
syndrome, emerging as a distinct high cardiovascular risk 
entity which has been recently indicated as the secondary 
target of  therapy for the reduction of  coronary risk after 
serum low-density-lipoprotein cholesterol[35]. Metabolic 
syndrome is characterized by the clustering of  glucose 
intolerance and/or diabetes, hyperinsulinemia, increased 
levels of  triglycerides and decreased HDL cholesterol, 
hypertension and central and overall obesity[36]. In a pre-
vious study, we demonstrated a strong positive associa-
tion between the prevalence of  some common metabolic 
diseases and the severity of  liver steatosis. Obesity, im-
paired glucose tolerance and type 2 diabetes mellitus were 
5.3-fold, 3.6-fold and 4.0-fold, more common among 
subjects with more severe steatosis, as compared to con-
trols without steatosis. In the same group the prevalence 
of  hypertriglyceridemia was seven times more frequent 
than in the control group and about three times higher 
than in the group with mild steatosis. Among subjects 
with severe steatosis obesity, impaired glucose metabo-
lism and hyperlipidemia were present in over 50% of  
patients. These findings were paralleled by the presence 
of  a statistically significant increase in mean BMI, plasma 
glucose and triglyceride levels from the group of  subjects 
without steatosis to the three groups with increasing se-
verity of  fatty liver[10]. 

Based on the above considerations, the use of  drugs 
improving insulin resistance has been proposed for pa-
tients with fatty liver. Metformin was the first insulin 
sensitizer used; however, only marginal benefits on trans-
aminases and no improvement in steatosis or inflam-
mation have been reported so far, and metformin is not 
recommended for patients with NAFLD[37]. Recently, 
it has been suggested that metformin may prevent liver 
tumorigenesis via suppression of  liver fat accumulation 
in the early stage, before the onset of  NAFLD. However, 
the suggested potential role of  metformin as antitumor 
agent should be further confirmed by large-scale clinical 
trials[38,39]. Concerning thiazolidinediones, treatment with 
pioglitazone was associated with improvements of  liver 
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served in 58 male patients with histologically proven 
NAFLD compared to healthy age matched males[48]. In a 
further study, NAFLD children with immune responses 
against MDA derived antigens showed more severe lobu-
lar inflammation and had a 13-fold higher prevalence of  
overt NASH suggesting the presence of  oxidative stress 
in a high proportion of  NAFLD children[50]. In two 
more studies the percentage of  hepatocytes, positive for 
8-OHdG expression, and serum 8-OHdG levels were sig-
nificantly higher in patients with NASH than simple fatty 
liver, while the oxidative stress marker GGT was increased 
in both conditions[51,53]. Finally, in a recent cross-sectional 
study, oxidative stress, detected as the ratio of  plasma 
total antioxidant status to total oxidant status, was as-
sociated with insulin resistance in obese adolescents with 
NAFLD[52]. 

In a previous study[54], we demonstrated an increased 
systemic oxidative stress in subjects with fatty liver, as 
compared to those without. This increase was associated 
to severity of  liver steatosis evaluated either by liver ultra-
sonography, or by fatty liver index or by serum cytokera-
tin-18 levels, a marker of  apoptosis reflecting liver disease 
severity.

In fact, we found increased systemic oxidative stress 
assessed by increased levels of  urinary 8-iso-PGF2α, cur-
rently regarded as the best measure of  oxidative stress in 
vivo and of  serum sNOX2-dp, a marker of  NOX2 activa-
tion by blood cells, which plays an important role in ROS 
production. The same findings were also observed after 
the exclusion of  obese subjects, or subjects with diabetes 
or with metabolic syndrome and in those not taking statin 
medication. In our study, a correlation was also found 
between HOMA-IR, urinary 8-iso PGF2α and sNOX2-
dp, confirming the interdependency of  insulin resistance 
and oxidative stress in the pathogenesis of  NAFLD. 
Moreover, both oxidative stress markers were also highly 
correlated with serum cytokeratin-18, thus suggesting a 
possible role in the progression from simple fatty liver to 
NASH. 

Therefore, although the mechanisms underlying dis-
ease progression remain poorly understood, a therapeutic 
strategy targeting oxidative stress reduction has been pro-
posed and supplementation with vitamin E has been sug-
gested by recent guidelines for the treatment of  NASH 
in non-diabetic subjects[37]. 

In pioglitazone vs vitamin E vs placebo for the Treat-
ment of  nondiabetic patients with nonalcoholic steato-
hepatitis (PIVENS) trial, vitamin E therapy demonstrated 
a significant improvement in steatosis, inflammation, 
ballooning, and resolution of  steatohepatitis in adult pa-
tients with aggressive NASH, who did not have diabetes 
or cirrhosis[42]. Conversely, in the TONIC trial, where 173 
children were randomized to receive vitamin E (400 IU 
twice daily), metformin (500 mg twice daily), or placebo 
for 96 wk, neither agent was superior to placebo in at-
taining the primary outcome, a reduction in ALT level 
50% or less of  the baseline[55]. Finally, it should be taken 
into consideration that vitamin E supplementation has 

steatosis and inflammation in recent controlled clinical 
trials[40-42]. Therefore, pioglitazone may be recommended 
for the treatment of  adults with biopsy proven NASH[43].

Recently, some studies investigated the possible ef-
fects of  analogues of  glucagon-like peptide-1 (GLP-1), 
an incretin that increases insulin sensitivity and aids glu-
cose metabolism, on NAFLD. In vivo and in vitro studies 
demonstrated that GLP-1 analogues reduce fatty acid 
accumulation and endoplasmic reticulum stress-related 
apoptosis in human hepatocytes treated with fatty acids 
as well as in an animal model of  NAFLD[35]. This fact 
could improve hepatic steatosis by modulation of  lipid 
metabolism and hepatic insulin signaling in NAFLD ani-
mal models[45,46]. These effects could be explained by pos-
sible direct stimulation of  hepatic GLP-1 receptor. 

Cuthbertson et al[46] recently conducted a prospective 
study in 25 obese, T2DM patients with hepatic steatosis, 
treated with metformin and sulphonylureas/DPP-IV 
inhibitors. After a 6 mo treatment with GLP-1 receptor 
agonists (exenatide or liraglutide), reduction of  mean 
HbA1c, body weight and intrahepatic lipid was dem-
onstrated[46]. The relative reduction in intrahepatic lipid 
correlated with that in HbA1c but was not significantly 
correlated with that in total body weight. Adequately 
powered, randomised, placebo-controlled intervention 
studies using GLP-1 analogues in patients with NAFLD, 
with or without T2DM, are needed to demonstrate the 
potential role of  incretins in ameliorating NAFLD and to 
investigate the inter-relationship between the biochemi-
cal, metabolic and histological responses.

OXIDATIVE STRESS AND REDUCED 
ANTIOXIDANT STATUS: A POSSIBLE 
ROLE FOR VITAMIN E
Several lines of  evidence suggest that chronic oxidative 
stress is one of  the key mechanisms responsible for liver 
damage and disease progression in NAFLD. In particu-
lar, according to the “two-hit” theory, oxidative stress 
is a major player triggering the progression of  steatosis 
to NASH as the result of  an imbalance between pro-
oxidant and anti-oxidant chemicals that lead to liver cell 
damage[5,34]. Indeed, the increased production of  reactive 
oxygen species (ROS) is known to cause lipid peroxida-
tion, followed by inflammation, and activation of  stellate 
cells leading to fibrogenesis.

Consistent with the above theory, subjects with NASH 
had significantly increased levels of  lipid peroxidation 
products[47-52]. Moreover, in a small study performed in 21 
subjects with NASH and 19 controls, subjects with NASH 
had significantly higher levels of  oxidized LDL and of  
thiobarbituric acid-reacting substances (TBARS) suggest-
ing an increased cardiovascular risk[51]. Similar results were 
reported in India, where TBARS levels were significantly 
elevated and GSH/GSSG ratio was significantly decreased 
in NAFLD subjects without and with type 2 diabetes[49]. 
Increased systemic levels of  malondialdehyde were ob-
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not been associated to benefits in cardiovascular death or 
cerebrovascular events[56]. Moreover, the results of  two 
recent reviews showed no evidence of  benefits by vitamin 
E supplementation for the prevention of  cardiovascular 
events and there was no evidence for a possible associa-
tion of  vitamin E with higher all-cause mortality[57,58].

NAFLD AND CARDIOVASCULAR RISK: A 
POSSIBLE ROLE FOR STATINS
NAFLD has been traditionally interpreted as a condition, 
which may progress into liver related complications such 
as cirrhosis, liver cancer, and liver mortality. In particular, 
liver fibrosis predicts disease progression and the risk for 
hepatocellular carcinoma. However, most people with 
NAFLD in the absence of  significant hepatic fibrosis do 
not develop serious liver problems. Conversely, people 
with NAFLD have an increased chance of  developing 
cardiovascular diseases, such as myocardial infarction 
and stroke, which represent the major causes of  death in 
this setting[25]. Indeed, cardiovascular disease is the single 
most important cause of  morbidity and mortality in this 
patient population[59].

Therefore, it appears that the increased mortality of  
patients is primarily a result of  cardiovascular diseases 
and, to a lesser extent, of  liver related diseases. Indeed, 
many epidemiological, clinical, and pathophysiologi-
cal observations support a strong association between 
NAFLD and increased cardiovascular risk, which in some 
studies was found to be independent of  traditional risk 
factors and aspects of  the metabolic syndrome.

Moreover, patients with NASH seem to be at higher 
risk for atherosclerosis than patients with simple ste-
atosis as a consequence of  chronic inflammation and 
oxidative stress. Finally, an increased risk of  develop-
ing type 2 diabetes mellitus has also been demonstrated 
among NAFLD patients[60]. Therefore, based on the 
above considerations, we may perhaps consider patients 
with NAFLD at increased global cardiometabolic risk, 
although the precise mechanisms by which NAFLD con-
tributes to cardiovascular disease (CVD) and diabetes are 
still the subject of  ongoing research. In a recent review, 
we discussed the epidemiological, clinical, and physio-
pathological evidence of  an association between NAFLD 
and cardiovascular diseases[61].

Recent genetic studies[62,63], such as those showing 
a strong correlation between presence of  the I148M 
polymorphism in the PNPLA3 gene and elevated serum 
levels of  ALT and AST and liver inflammation, will prob-
ably be helpful in improving the assessment of  cardiovas-
cular risk in NAFLD patients with and without metabolic 
syndrome.

NASH is also linked to accelerated atherogenesis 
through the presence of  abnormal production of  triglyc-
eride- and cholesterol-rich remnant particles, leading to 
accelerated atherosclerosis, together with other features 
of  the metabolic syndrome. Dyslipidemia is character-
ized by increased serum triglycerides, low high-density 

lipoprotein (HDL) cholesterol and increased small, dense, 
low-density lipoprotein (LDL) particles, i.e., the so-called 
“atherogenic lipid triad”[64,65]. The presence of  small 
dense LDL particles is associated with increased cardio-
vascular risk. Therefore, aggressive treatment of  dyslip-
idemia and the other features of  the metabolic syndrome 
should be a primary target in patients with NAFLD. 

Statins are first line drugs for the treatment of  LDL 
cholesterol. According to ATPIII Guidelines, the current 
recommendation that liver biochemistries be checked 
before and periodically after starting statin therapy is not 
evidence-based and is controversial[36].

On the other end, measuring aminotransferases 
at baseline cannot adequately identify those who have 
underlying liver disease and there is no sound rationale 
why statins should not be used in patients with chronic 
liver disease who otherwise need statin therapy. In fact, 
in the GRACE Study, atorvastatin treatment was safe in 
patients with mild to moderately abnormal liver tests that 
were potentially attributable to NAFLD[66]. Moreover, 
in small uncontrolled studies, pravastatin, atorvastatin, 
rosuvastatin and pitavastatin were safe and effective in 
NASH patients with dyslipidemia[67,68]. In all these studies 
a decrease of  serum aminotransferase was also observed 
and liver histology improved in some patients.

Therefore, the AASLD Guidelines recommend that 
statins can be used to treat dyslipidemia in patients with 
NAFLD and NASH (Strenght 1; Quality B)[37].

VITAMIN D DEFICIENCY: A POSSIBLE 
ROLE FOR VITAMIN D3

Vitamin D deficiency is a highly prevalent condition 
worldwide. Low serum 25(OH)D3 concentrations have 
been reported among adults and children affected by 
NASH[69,70].

Furthermore, we have recently demonstrated the 
existence of  a strong and independent association be-
tween NAFLD and low 25(OH)D3 levels in a large adult 
population with normal serum liver enzymes[71]. Vitamin 
D is present in the diet and dietary supplements, but its 
primary source is the photo-mediated conversion of  
7-dehydrocholesterol in the skin[72]. To become biologi-
cally active, vitamin D requires 25-hydroxylation in the 
liver and subsequent 1-hydroxylation in the kidney[73]. The 
25-hydroxylation occurs exclusively in the hepatocyte 
and is mediated by CYP27A1 and CYP2R1, two liver-
expressed cytochromes characterized by different intra-
cellular locations, specificity and affinity for vitamin D3. 
The biological effects of  vitamin D3 are mediated by the 
vitamin D receptor (VDR)[74].

In a recent study[75], we suggest that the vitamin 
D-vitamin D receptor system may play an important role 
in the response of  the liver to chronic damage induced 
by different pathogenic stimuli. In fact, low hepatic VDR 
expression which was closely associated with more severe 
liver histology in this study, could represent the primary 
event leading to progression of  hepatitis.
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Based on the above considerations, treatment of  vita-
min D3 deficiency to prevent or treat NAFLD to NASH 
progression has been proposed. However, large placebo-
controlled randomized trials have not been performed so 
far. Thus, it is premature to recommend vitamin D3 for 
the specific treatment of  NAFLD/NASH.

OTHER TREATMENTS
Many other agents have been investigated as potential 
therapeutic options in NAFLD and NASH in small, 
proof-of-concept studies.

Omega-3 fatty acids are currently approved to treat 
severe hypertriglyceridemia and have also proven benefi-
tial for cardiovascular disease. Recently, they have been 
suggested as a treatment for NAFLD and some studies 
support the use of  omega-3 fatty acids in this setting[24]. 
Their potential mechanisms of  action may be mediated 
by regulation of  hepatic gene expression, improvement 
of  insulin sensitivity, reduction of  inflammation and oxi-
dative stress.

In a cross-sectional study by Zelber-Sagi et al[76] di-
etary habits of  NAFLD patients have been investigated, 
finding that the NAFLD group consumed less fish 
rich in omega-3 and almost double the quantity of  soft 
drinks and also consumed more meat compared with the 
general population. Moreover, these dietary differences 
were associated with an increased risk of  NAFLD inde-
pendent of  traditional risk factors. Evidence emerging 
from animal studies show a reduction in hepatic steatosis, 
inflammation and oxidative stress and an improvement in 
insulin sensitivity. 

Moreover, some preliminary clinical studies in hu-
mans reported a reduction in hepatic steatosis on imaging 
and an improvement of  insulin sensitivity and serum liver 
function tests. In any case, these studies have small sam-
ple size and methodological flaws. Results from ongoing 
large multicenter studies with histological outcomes are 
needed[77]. Thus, AASLD Guidelines currently concluded 
that “it is premature to recommend omega-3 fatty acids 
for the specific treatment of  NAFLD or NASH, but 
they may be considered as first line agents to treat hyper-
triglyceridemia in patients with NAFLD” (Strength-1; 
Quality-B)[37].

Furthermore, ursodeoxycholic acid (UDCA) has 
been proposed as a treatment for NAFLD and NASH 
and several studies have been conducted concerning this 
treatment[78,79]. All but one study are with small sample 
size and/or surrogate end-points. The only available large 
RCT with histological endpoints showed lack of  any his-
tological benefit of  UDCA in patients with NASH[79].

During the last years, there has been renewed inter-
est in the potential efficacy of  silymarin and silybin, two 
natural products derived from the milk thistle plant Sily-
bum marianum, traditionally used in classical Greece to 
treat hepatic and biliary diseases. A higher bioavailability 
of  silybin has been shown and experimental studies have 
demonstrated its antifibrotic, antioxidant and metabolic 

effects[80,81]. Treatment with silymarin was associated with 
improvement in liver enzymes in a small placebo-con-
trolled study in patients with NAFLD[82]. Silybin, com-
bined with phosphatidylcholine and vitamin E, induced 
improvements of  insulin resistance and liver histology in 
a large multicenter RCT[83].

A growing body of  evidence supports a relation 
between overgrowth of  gut microbiota with NAFLD 
and NASH. In fact, it has been suggested that liver in-
jury could be partly caused by exposure to bacterial and 
fermentation agents produced by microflora which are 
metabolized in the liver. Therefore, the use of  probiotics 
to better balance the gut flora has been proposed. So far, 
various experimental studies and clinical trials revealed 
promising effects[84]. However, larger trials with longer-
term follow-up are needed.

Recently, treatment with berberine has been suggested 
for patients with NAFLD, although its clinical application 
should be better defined. In fact, few small experimental 
and clinical studies have demonstrated favorable effects 
on insulin resistance, hepatic lipoprotein secretion and 
gut microenvironment modifications[85].

Finally, mitochondrial dysfunction may induce over-
production of  free radicals that, in turn, trigger lipid 
peroxidation and cell death. As a result, impaired mito-
chondrial function is thought to contribute to NAFLD 
and insulin resistance[86,87]. However, so far, improvement 
of  mitochondrial dysfunction has only been associated to 
increased physical exercise and few experimental studies 
have assessed the potential role of  antioxidant molecules 
targeted to mitochondria[88,89].

CONCLUSION
NAFLD is a multifactorial disease and the exact mecha-
nism is unknown. Therefore, it is important to carefully 
evaluate for competing etiologies and clinically important 
co-morbidities. Metabolic conditions, such as diabe-
tes mellitus, obesity, hypertension, and hyperlipidemia, 
should be treated aggressively and a multidisciplinary 
approach should be personalized for individual patients. 
The main targets of  therapy are reported in Table 2.

Since NAFLD is largely a manifestation of  obesity 
and metabolic syndrome, first- line management of  
NAFLD focuses on lifestyle modifications. Based on the 
available evidence, Mediterranean diet seems to be the 
best dietary regimen for patients with NAFLD. Weight 
loss generally reduces hepatic steatosis, and is achieved 
either by low-calorie diet alone or in conjunction with 
increased physical activity. Many patients with NAFLD 
have severe obesity. The role of  bariatric surgery for 
these patients is still under evaluation.

As insulin resistance is nearly universal in patients 
with NASH, therapeutic measures to reduce insulin re-
sistance have been suggested. Metformin was the first 
insulin sensitizer used; however, only marginal benefits 
on transaminases and no significant effect on liver steato-
sis or inflammation have been reported so far. Treatment 
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with pioglitazone is associated with improvements of  
liver histology and therefore may be recommended for 
the treatment of  patients with biopsy-proven NASH. 

Proposed pharmacologic therapies for NASH include 
antioxidants such as vitamin E (a-tocopherol) adminis-
tered at daily dose of  800 IU/d, which could improve 
liver histology in non-diabetic adults with biopsy-proven 
NASH.

The cardiovascular morbidity and mortality is perhaps 
one of  the most important and new aspects of  NAFLD 
and several recent studies have shown that statins can be 
safely used to treat dyslipidemia in patients with NAFLD, 
but are not recommended to specifically treat NASH. 
UDCA is not recommended and it is premature to recom-
mend omega-3 fatty acids and vitamin D supplementation. 

Patients should be advised about the limited effec-
tiveness of  most drug therapies except possibly insulin 
sensitizers for some patients with diabetes and vitamin E 
for those patients without diabetes. Finally, it should be 
considered that there are no medications approved by the 
United States Food and Drug Administration. Our clini-
cal approach to the treatment of  NAFLD is based on 
few relatively small studies demonstrating benefits from 
some of  the above treatments.
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