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Core tip: In this review, we examine all the available
data on the association between diet, nutrients and
the Mediterranean diet in association with onset and
severity of non-alcoholic fatty liver disease.

Non-alcoholic fatty liver disease (NAFLD) represents
the most common chronic liver disease in Western
countries, being considered as the hepatic manifestation of metabolic syndrome. NAFLD has a common
pathogenic background to that of metabolic syndrome,
and shares many risk factors such as obesity, hypertension, insulin resistance and dyslipidemia. Although
there is no currently available evidence-based established treatment for NAFLD, all the recommendations from the medical associations indicate that the
most effective treatment is to reduce weight through
lifestyle modifications. Diet, indeed, plays a key role
in the management of NAFLD patients, as both the
quantity and quality of the diet have been reported
to have a beneficial role in the onset and severity of
the liver disease. Among all the diets that have been
proposed, a Mediterranean diet was the most effective
dietary option for inducing weight loss together with
beneficial effects on all the risk factors associated with
metabolic syndrome and NAFLD. Over the last few
years, research has demonstrated a beneficial effect
of a Mediterranean diet in NAFLD. In this review, we
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease in industrialized countries,
and is characterized by increased hepatic fat accumulation in individuals not consuming excessive alcoholic
beverages (typically a threshold of < 20 g/d for women
and < 30 g/d for men is adopted)[1]. NAFLD is emerging as one of the most common causes of liver disease
worldwide[2], particularly in Western countries such as
the United States where approximately 30% of the population now has NAFLD[3]. It refers to a wide spectrum
of liver disorders ranging from simple steatosis (more
than 5% hepatocytes showing fat accumulation), to nonalcoholic steatohepatitis (NASH), which increases the
risk of end-stage liver disease, namely liver cirrhosis and
hepatocellular carcinoma[4].
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The true prevalence of NAFLD is unknown because only a liver biopsy can distinguish simple steatosis
from NASH, but it is unethical to perform liver biopsies
on unselected asymptomatic patients from the general
population. However, various strategies including unexplained alanine aminotransferase (ALT) elevation or
fatty liver on ultrasound in nondrinking but otherwise
unselected patients gives an estimated prevalence of
NAFLD in the adult population of around 15%-30%[5].
Moreover, the problem is not limited to adults only because nearly 10% of obese children may have NAFLD[6].
Actually, NAFLD is considered as the hepatic manifestation of metabolic syndrome, sharing a common pathogenic background and with similar disease states such as
obesity, type 2 diabetes mellitus, insulin resistance and
dyslipidemia[1-4].
Several studies have recently shown the association
of NAFLD with cardiovascular disease (CVD)[7]. In a
study of biopsy-proven NAFLD with a follow-up of
about 21 years, the main causes of death in patients with
NAFLD were CVD and malignancy[8]. In addition, several studies showed that NAFLD might itself contribute
to the increased CVD risk. The possible explanation for
such a relationship between CVD and NAFLD includes
the occurrence of many risk factors including insulin
resistance, obesity, dyslipidemia, and an altered inflammatory state in both pathologies[7].
Cornerstones of NAFLD therapy are lifestyle interventions, and especially diet. These interventions are
effective not only for improving NAFLD itself, but also
associated conditions such as metabolic syndrome, type
2 diabetes, and the related risk of CVD[9].
In this review, we report data supporting the role of
dietary approaches, including a Mediterranean diet, on
the management of patients with NAFLD.

induced by diet is able to reduce liver enzymes and hepatic steatosis. One of the most relevant studies has
been conducted in NASH patients, where a dietary intervention study demonstrated that weight loss led to an
improvement in liver histology and enzymes[12]. Patients
were randomized into two groups, a combined lifestyle
intervention group and a control group. At the end
of the intervention period, patients who followed the
lifestyle recommendations had an average weight loss
of about 10% compared with only 0.2% in the control
group. Interestingly, patients who lost more than 7% of
their body weight had significant improvements in terms
of activity score and inflammation, suggesting that the
reduction in body weight resulting from lifestyle changes
was beneficial in reducing the severity of NAFLD. The
rapidity of weight loss is also extremely important in
NAFLD treatment. It has been demonstrated that only
modest weight loss (about 1 kg per week) is significantly
associated with a decreased incidence of metabolic syndrome and improvement in the histological features of
NAFLD, whereas fast weight loss, as seen in bariatric
surgical procedures, often worsen the clinical features of
NAFLD[13].
Quality modifications of dietary composition can
also directly influence the clinical course of NAFLD
beyond the “simple” caloric restriction. Indeed, diet
composition, with modulation of either macro or micronutrients, can significantly affect most of the risk factors
associated with fatty liver such as hypertension, serum
lipids and insulin[10,11].
Carbohydrates and non-alcoholic fatty liver disease
As regarding carbohydrates, data from the literature report that a diet high in carbohydrates might worsen the
clinical conditions of patients with NAFLD[14]. Actually,
hepatic triglycerides showed a greater decrease among
individuals treated with a carbohydrate-restricted diet
than with an energy-restricted one, whereas a diet rich
in carbohydrates may lead to increased levels of insulin,
contributing to high levels of triglycerides and blood glucose. In an intervention study, Ryan et al[15] randomized
NAFLD patients to hypocaloric diets containing different proportions of carbohydrates. After 16 wk, patients
receiving a low percentage of calories from carbohydrates (40%) showed lower levels of liver enzymes compared to those receiving a high-carbohydrate diet, despite
equal weight loss. Similarly, another intervention study
using two energy-restricted diets with equal energies, but
different proportions of carbohydrates, showed similar
weight loss but a greater decrease in triglycerides in the
group with a lower proportion of carbohydrates[16]. The
type and quality of carbohydrates appear to be relevant
for the occurrence of NAFLD, because the glycemic index seems to play a relevant role in the pathogenesis of
NAFLD. Thus current recommendations of many scientific associations indicate a carbohydrate intake > 50%
of the total energy, and choosing whole grain and low-

DIET AND NON-ALCOHOLIC FATTY
LIVER DISEASE
Dietary habits are significantly linked with health state. A
correct dietary intake, associated with a healthy lifestyle,
may in fact contribute to the maintenance of a healthy
status. Conversely, poor dietary habits may favor the occurrence of various disease states such as cancer, obesity,
diabetes, dyslipidemia and hypertension, the combination of which may lead to metabolic syndrome that in
turn increases the risk of death from cardiovascular and
other chronic degenerative diseases.
Diet and lifestyle can significantly affect the clinical
picture of NAFLD since most patients with NAFLD
have excess body weight and other cardiometabolic risk
factors, such as hypertension, dyslipidemia and diabetes[10,11]. Although promising pharmacological treatments
are emerging, only a significant and sustained weight loss
is the basis of any treatment plan for patients suffering
from NAFLD[9].
Some intervention studies reported that weight loss
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glycemic index foods[9].

MEDITERRANEAN DIET AND
NON-ALCOHOLIC FATTY LIVER-RELATED
CONDITIONS

Dietary fats and non-alcoholic fatty liver disease
Patients with NAFLD often have a high-fat diet that may
be an independent risk factor for the development of the
disease[17]. In a study by Yamamoto et al[18] the reduction
of fat consumption for 6 mo induced a decrease in liver
enzymes. Moreover, an increased fat intake in the diet has
been linked to many components of metabolic syndrome
and NAFLD. In particular, saturated fatty acids (SFA)
have been reported to have deleterious effects on both
lipid and glucose metabolism. A randomized, doubleblind, crossover study examined the effects of three different diets in 86 healthy men: a control diet (14% SFA),
the National Cholesterol Education Program Step I diet
(9% SFA), and the National Cholesterol Education Program Step II diet (6% SFA). Although all reduced-fat diets
decreased low-density lipoprotein (LDL)-cholesterol, they
also decreased high-density lipoprotein (HDL)-cholesterol
and increased triglycerides after 6 wk compared with the
control diet. Furthermore, in response to the 6%-SFA
diet, subjects with insulin resistance and higher body fat
showed smaller reductions in LDL-cholesterol, larger reductions in HDL-cholesterol and increases in triglycerides
as compared to subjects with normal insulin sensitivity[19].
The quality of dietary fats plays a key role in the
pathogenesis of NAFLD as shown by the beneficial
effect of monounsaturated fatty acids (MUFA). The replacement of carbohydrate and SFA with MUFA leads
to reductions in glucose and blood pressure and to an
increase in HDL-cholesterol in patients with diabetes.
A MUFA-rich diet (40% of energy as fat) has also been
demonstrated to decrease VLDL-cholesterol and triglycerides, and to be more acceptable to patients with
diabetes than a high-carbohydrate diet (28% of energy
as fat). Therefore, an increase in the intake of MUFA,
particularly as a replacement for SFA and as a higher
proportion in the diet in lieu of carbohydrates, may be
beneficial for NAFLD patients[20].
Accordingly, polyunsaturated fatty acids (PUFA) may
also have beneficial effects in patients with NAFLD. In
a recent human dietary intervention study, we showed
positive effects of n-3 PUFA administration in NAFLD
patients[21]. Moreover, a meta-analysis demonstrated that
n-3 PUFA have substantial beneficial effects in ameliorating liver steatosis and its related components[22].
More recently, we reported a significant amelioration in
lipid variables, insulin and adiponectin levels as well as
in the severity of fatty liver by introducing a n-3 PUFAenriched olive oil into the diet of patients with NAFLD,
thus indicating that PUFA might represent a therapeutic
option for treating NAFLD[23].
In line with such evidence, recommendations in the
recent guidelines in terms of dietary fats suggest a total
fat contribution < 30%-35% of the total daily energy intake, with preference for MUFA and PUFA rather than
SFA (recommended to be < 7% of total energy)[9].
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Over the past decades, several dietary models have been
proposed as the ideal diet for preventing NAFLD and
metabolic-related conditions. However, among all the diets that have been proposed, only the Mediterranean diet
demonstrated a beneficial effect according to scientific
data.
Mediterranean diet was firstly discovered in the early
1960s by Ancel Keys who invented this term after the
results of an epidemiological study, the “Seven Countries’ Study” which demonstrated that the populations
bordering the Mediterranean Sea (Italy and Greece) had
a reduced incidence of cardiovascular disease and cancer
in comparison to the other populations. In this study,
the dietary profile of 12763 subjects aged between 40
and 59 years living in different countries of the world
were analyzed: the United States of America, Finland,
the Netherlands, Italy, Greece, the former Yugoslavia
and Japan. The results of this study were that countries
bordering the Mediterranean basin had the lowest rates
of mortality and incidence of cardiovascular disease in
comparison with the other countries. After these first
results, other studies have confirmed these findings and
the Mediterranean diet were recognized all over the
world as a healthy diet, effective in reducing the risk of
cardiovascular disease and cancer[24].
Mediterranean diet and cardiovascular disease
Much of the available data supporting the beneficial effect of Mediterranean diet on health derive from studies
linking diet with CVD, the leading cause of mortality
and morbidity all over the world and closely related to
NAFLD. With regard to the primary prevention, the
most relevant study is the EPIC-Elderly Prospective
Cohort Study, a multicenter study that analyzed subjects
living in 10 different European countries. In a paper
published in the New England Journal of Medicine by
Trichopoulou et al[25] a score of adherence that takes into
account the main dietary variables, divided into food
groups, typical of the Mediterranean diet was computed.
This adherence score, based on food groups typically
present in the Mediterranean diet (bread, pasta, fruit,
vegetables, fish, legumes, moderate red wine consumption, and olive oil), gives a positive score to people consuming more than the median of the overall population
in term of “Mediterranean” typical foods, and a negative score to those who consume a higher amount of
foods which are not typical of the Mediterranean diet. A
2-points increase of this score was significantly associated with a 33%-reduced risk of mortality from cardiovascular causes (RR = 0.67, 95%CI: 0.47-0.94)[25].
Recently, a large intervention study conducted in
Spain confirmed the beneficial effects of a Mediterra-
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nean diet on the risk of CVD in primary prevention[26].
In a sample of 7747 adults (age range: 55-80 years) at
high risk of cardiovascular disease but without a manifest disease who were followed for an average of 4.8
years, three different dietary interventions were tested.
The participants were randomly assigned to a Mediterranean diet supplemented with extra-virgin olive oil, a
Mediterranean diet supplemented with nuts or a control
diet with a low contribution from fats. At the end of
the follow-up, subjects who had followed the Mediterranean diet with either supplementation of extra-virgin
olive oil or mixed nuts demonstrated a reduced risk of
CVD. The hazard ratios were 0.70 (95%CI: 0.54-0.92)
and 0.72 (95%CI: 0.54-0.96) for the group assigned to a
Mediterranean diet with extra-virgin olive and the group
assigned to a Mediterranean diet with nuts, respectively,
versus the control group.
Alongside, Mediterranean diet has been also found
protective versus cardiovascular disease in non-Mediterranean populations, such as in the United States In
two large United States cohort studies, Mediterranean
diet was found to ameliorate the cardiovascular risk profile[27,28]. The first, published by Mitrou et al[27], analyzed
over than 200000 people aged between 50 and 71 years
for a median follow-up period of 10 years; a greater
adherence to the Mediterranean diet demonstrated a
22%-reduced risk of cardiovascular mortality in men (RR
= 0.78; 95%CI: 0.69-0.87) and 29% in women (RR = 0.81;
95%CI: 0.68-0.97). The second, conducted in a population of over than 74000 women enrolled in the Nurses’
Health Study confirmed the significant protective role
of the Mediterranean diet, since women ith a higher
adherence to the Mediterranean diet had a reduced risk
of coronary heart disease by 29% (RR = 0.71, 95%CI:
0.62-0.82), and of overall mortality from CVD by 39%
(RR = 0.61, 95%CI: 0.49-0.76)[28].
Our group conducted two systematic reviews and
meta-analyses of prospective epidemiological studies
that evaluated the adherence to the Mediterranean diet
through the adherence score score in relation to different
health outcomes[29,30]. In the updated analysis a 2-points
increase of the adherence score to the Mediterranean
diet resulted in a 10% reduction in the incidence and/or
mortality from CVD (RR = 0.90, 95%CI: 0.87-0.93, P <
0.0001)[30].

0.65, 95%CI: 0.44-0.95). These data were confirmed also
in some intervention studies. In the first, Esposito et al[32]
studies 215 patients with a new diagnosis of diabetes.
Patients were randomized to a Mediterranean diet and a
low-fat diet. It was reported that the Mediterranean diet
ameliorates the glycemic status of these subjects, helps
controlling the cardiovascular risk factors, and posticipates the need for hypoglycemic therapy when compared
with a diet low in fat and low in carbohydrates. Another
study, conducted by Estruch et al [33] reported similar
results since 772 patients asymptomatic for CVD were
randomized to a low-fat diet or to a Mediterranean diet.
After only 3 mo of follow-up, subjects who followed the
Mediterranean diet reported a significant reduction of
blood glucose.
Moreover, the datum was also reported in a large
case-control study, comprising about 340000 subjects enrolled in the EPIC study. The authors were able to demonstrate that a higher adherence to the Mediterranean
diet was associated with a 12%-reduction of diabetes (OR
= 0.88, 95%CI: 0.79-0.97)[34].
Mediterranean diet and obesity
The role of the Mediterranean diet in the development
and/or modification of overweight-obesity has always
been of great interest in clinical research. Recently, a
sub-analysis of the EPIC study analyzed a cohort of
497308 people, by showing that a higher adherence to
the Mediterranean diet was associated with a significantly
lower body mass index and waist circumference within 3
years[35]. These results were confirmed by other studies in
different populations. Indeed, a Spanish study conducted
on over than 3000 men and women showed a significant
inverse relationship between Mediterranean diet and
obesity[36]. Likewise, the SUN study demonstrated that
subjects reporting low adherence to the Mediterranean
diet had a higher weight gain during follow-up than
those who had followed the principles of the Mediterranean diet more strictly. Notably, a greater adherence
to the Mediterranean diet was associated with a reduced
risk of obesity (OR = 0.76, 95%CI: 0.64-0.90).
Finally, similar results were also obtained from a further study in a large Spanish population[37].

MEDITERRANEAN DIET AND
NON-ALCOHOLIC FATTY LIVER DISEASE

Mediterranean diet and diabetes
A Mediterranean diet has also been proposed as a valid
and effective non-pharmaceutical option for diabetes mellitus treatment. In a Spanish cohort study, that
comprised a large number of participants analyzed for
a period of 4 years, the possible association between
adherence to Mediterranean diet and diabetes has been
investigated[31]. This study demonstrated that patients
with greater adherence to the Mediterranean diet had a
concomitant reduction of developing diabetes by 83%.
Furthermore, it was reported that a 2-points increase of
the score was also related to a 35%-reduced risk (RR =
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Recently, the interest of investigators on the possible
association between a Mediterranean diet and fatty liver
disease has increased (Table 1). Although there is limited
data linking a Mediterranean diet to NAFLD risk and severity, there is strong evidence from clinical studies supporting the hypothesis that such a diet might be beneficial for NAFLD-related disease states such as metabolic
syndrome, CVD, and their risk factors[10,11].
In 2008, a post hoc analysis of an open label, quasirandomized, controlled trial evaluated the possible influ-
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Table 1 Studies investigating a Mediterranean diet and non-alcoholic fatty liver disease
Study

Country

Fraser et al[38], 2008

Tzima et al[39], 2009

Pérez-Guisado et al[42],
2011
Ryan et al[40], 2013

Kontogianni et al[41],
2013

Israel

Study design

n

Patients

Post hoc analysis of a Obese with
quasi-randomized trial
diabetes

259

Outcome

Intervention

Reduction of
3 diets:
liver enzymes ADA diet
through diets Low-GI diet
Modified MD
Greece
Cross-sectional study
Healthy
1514 M Association
None
1528 F of MD with
(The ATTICA Study)
subejcts
liver enzymes
and MS
Spain
Prospective study
Obese with
14
Effect of
SKMD
NAFLD
SKMD on
NAFLD
Australia Randomised cross-over Non-diabet12
ImproveMD
Low-fat/
dietary intervention
ic NAFLD
ment of liver
High-carnbosteatosis
hydrate diet
Greece
Cross-sectional study
NAFLD
73
Adherence
None
to MD and
severity of
NAFLD

Follow-up

Results

12 mo

MD determined the
greatest reduction of liver
enzymes at 6 and 12 mo

-

Greater adherence to MD
determines a moderate
association between liver
enzymes and MS
SKMD determines reduction of liver enzymes and
severity of steatosis
MD reduces liver steatosis and improves insulin
sensitivity

12 wk

6 wk

None

Greater adherence to MD
is associated with less
severity of NAFLD and
lower degree of insulin
resistance

ADA: American Diabetes Association; GI: Glycemic index; MD: Mediterranean diet; MS: Metabolic syndrome; SKMD: Spanish ketogenic Mediterranean
diet; NAFLD: Non-alcoholic fatty liver disease.

Further evidence of the beneficial role of a Mediterranean diet on fatty liver came from the recent study
by Ryan et al[40] The authors carried out a randomized,
crossover dietary intervention study in 12 diabetic
subjects with NAFLD. All patients had biopsy-proven
NAFLD and were randomized to either a Mediterranean
diet or control diet for a duration of 6 wk in random
order, interposed by a wash-out period. At the end of
the intervention period, mean weight loss was similar
between the two groups of patients but a significant
reduction in liver fat content was found with magnetic
resonance imaging only after the Mediterranean diet
phase with respect to the control phase. Moreover, patients improved their insulin sensitivity, measured via a
hyperinsulinemic-euglycemic clamp, and their circulating
levels of insulin only after the Mediterranean diet phase
and not during the control phase. Of interest, no significant differences in AST and ALT values were observed.
This intervention study is of extreme importance for the
management of NAFLD, despite the low number of patients considered.
Very recently, adherence to a Mediterranean diet was
investigated in association with the severity of NAFLD
in a group of 73 patients[41]. Adherence to a Mediterranean diet was estimated through the MedDietScore
and severity of NAFLD was measured through transient
elastography in 58 out of 73 patients and through liver
biopsies in 34 patients. In addition, 58 healthy controls
were compared with the study population. A significant
negative correlation between the MedDietScore and
ALT, insulin levels, stage of fibrosis, and severity of
steatosis was evidenced in the group of patients with
NAFLD. In addition, logistic regression analysis showed
that one unit increase in the MedDietScore was associ-

ence of three different diets on liver enzymes of 259
obese patients with type 2 diabetes [38]. Patients were
randomized to a diet recommended by the American
Diabetes Association, a low glycemic index diet and a
modified Mediterranean diet. The three dietary profiles
had a similar proportion of total fat but different proportions of carbohydrates and MUFA, as the Mediterranean diet had a higher intake of unsaturated fat and a
lower percentage of energy coming from carbohydrates
than the other two diets. In addition, the Mediterranean
diet was modified in order to obtain all low-glycemic
index foods. At 6 and 12 mo of follow-up, ALT levels
decreased more significantly in the modified Mediterranean diet arm than in the other two dietary profiles, with
mean values reduced from 19.8 to 14.4 U/L. Moreover,
after adjustment for some traditional risk factors, including change in body mass, triglycerides, HOMA-IR and
waist-to-hip index from baseline, ALT values were confirmed to be significantly reduced in the Mediterranean
diet group with respect to the other groups. Although
there were limitations related to the sample size and to
clinical measurement that was limited to liver enzymes,
this trial suggested for the first time that a Mediterranean
diet could have a beneficial effect on ALT levels, and
that this was not mediated by weight loss or decreases in
other circulating biomarkers.
Later, the beneficial effect of a Mediterranean diet
on liver enzymes was confirmed by the ATTICA study,
that evaluated the prevalence of metabolic syndrome
among over 3000 Greek adults[39]. The authors analyzed
adherence to the Mediterranean diet through a scoring
system named “MedDietScore”, and found a slight but
significant positive correlation between the AST/ALT
ratio and the MedDietScore itself (R = 0.17).
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Low GI CHO

Olive oil

n-3 PUFA
Mediterranean diet

Vitamins and minerals

Phytonutrients

Non-alcoholic fatty liver disease

Figure 1 Beneficial properties of a Mediterranean diet on non-alcoholic fatty liver disease. PUFA: Polyunsaturated fatty acids.

ated with a 36% lower likelihood of having NASH after
adjustment for confounders.
The Mediterranean-style diet is not a specific diet,
but rather a collection of eating habits traditionally followed by people in the different countries bordering the
Mediterranean Sea. It refers to a dietary profile commonly present in the Mediterranean regions in the last
century and is characterized by a high consumption of
fruit, vegetables, legumes, and complex carbohydrates,
with a moderate consumption of fish and the use of olive oil as the main source of fats, and a low-to-moderate
amount of red wine during meals. This eating pattern
has been promoted worldwide as a model for healthy
eating and has been reported to contribute to a favorable health status and to a better quality of life, as well
as allowing an optimal intake of antioxidant vitamins,
polyunsaturated fats and other beneficial nutrients for
the prevention of chronic degenerative diseases[24]. In
terms of NAFLD prevention, the beneficial effects of
such dietary habits can be explained through several
mechanisms that can vary from an effective dietary approach for weight loss, to a model diet that is plentiful in
some beneficial nutrients such as MUFA and vitamins,
to the presence of olive oil as the main contributor of
fats (Figure 1). Indeed, olive oil has been demonstrated
to have several different beneficial effects on metabolic
syndrome and NAFLD, by improving glucose and lipid
metabolism and preventing atherogenesis[20]. All these
factors likely contribute, as a whole, in determining the
preventive and therapeutic role of a Mediterranean diet
on fatty liver disease.

tions including metabolic syndrome, cardiovascular and
neoplastic diseases. Over the last few years, an interesting
inverse association with NAFLD has also been reported
in some studies, indicating the Mediterranean dietary
pattern as a new therapeutic option “right around the
corner”. To date, few studies have been conducted with
the aim of investigating adherence to a Mediterranean
diet in relation to the occurrence of NAFLD. Further
studies are warranted to confirm these preliminary data
and to suggest a reliable and easy-to-use tool for determining the adherence to the Mediterranean dietary pattern in a large population of patients affected by fatty
liver disease.
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