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Abstract
Aim Mediterranean diet (MD) is a healthful dietary pattern with benefits for prevention of metabolic diseases including non-
alcoholic fatty liver disease (NAFLD). In the current meta-analysis, we assessed the association between MD and liver steatosis
and cardiometabolic risk factors in patients with NAFLD.
Methods PubMed, Scopus, and Embase were searched to find observational and clinical studies on the issue. No restriction on
date and language was made. Outcomes included body mass index (BMI), waist circumference, blood pressure, triglycerides
(TG), cholesterol fractions, glucose, insulin, insulin resistance, and liver transaminases.
Results Seven observational reports and 6 trials met our inclusion criteria and entered in the meta-analysis. In observational
studies, there was an inverse association between MD and NAFLD (effect size (ES) = 0.95; 95% CI: 0.90, 1.00; P = 0.05). In
trials, subgroup analysis based on the method of liver examination showed effectiveness of MD on steatosis examined by
magnetic resonance spectroscopy (P < 0.002; n = 2) but not by ultrasound (P = 0.08; n = 2). MD also showed a significant
decreasing effect on BMI (ES = −1.23 kg/m2; 95% CI: −2.38, −0.09), plasma triglycerides (ES = −33.01 mg/dL; 95% CI:
−52.84, −13.18), and HOMA-IR (ES = -0.94; 95% CI: −1.29, −0.58) but no significant effect was observed in waist circumfer-
ence, cholesterol fractions, glucose and insulin, and liver transferases.
Conclusion Overall, available data from observational and clinical studies indicated a trend for the relationship between MD and
hepatic steatosis. Improvement in the most important risk factors of NAFLD, i.e. BMI, serum triglycerides, and insulin resistance,
may be involved in such relationship.
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Introduction

Mediterranean diet (MD) is a diet traditionally used in
Mediterranean region but it is now acknowledged as a

healthful dietary pattern with benefits for prevention of chron-
ic metabolic diseases [1]. MD is rich in vegetables, fruits,
cereals, olive oil, nuts, legumes, and fish, contains moderate
amounts of dairy, eggs, poultry, and red wine, and is limited in
red meat, sweets, and sweetened beverages [1]. This multifar-
ious diet composition along with reasonable restrictions on
unhealthy items gives MD a peculiar potential for prevention
of diseases. High amounts of fish, olive oil, nuts, and vegeta-
bles and low consumption of red meat increases unsaturated to
saturated fat ratio and leads to the regulation of lipoprotein
metabolism and prevention of cardiovascular events [2].
Whole grain cereals in the MD improve glycemic control
following consumption of meals and thus reduces the risk of
metabolic diseases such as obesity, type 2 diabetes, and car-
diovascular diseases [3]. Moreover, antioxidants present in
fruit and vegetables help in scavenging reactive oxygen
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species which are factors involved in exacerbating metabolic
disorders [4].

Non-alcoholic fatty liver disease (NAFLD) is a prevalent
hepatic disorder that can progress to non-alcoholic
steatohepatitis (NASH), cell damage, and ultimately liver fi-
brosis and cirrhosis [5]. NAFLD is a metabolic disorder ac-
companied with obesity, insulin resistance, hypertension, and
dyslipidemia, all of which are components of metabolic syn-
drome [5, 6]. Indeed, NAFLD is nominated as hepatic mani-
festation of metabolic syndrome. Obesity, particularly if ac-
companied by accumulation of fat in visceral areas, is the key
component in the pathophysiology of NAFLD. Excessive vis-
ceral fat mass release plenty of free fatty acids into blood
which are gathered by the liver, packed in the form of very
low-density lipoprotein (VLDL), and released into circulation.
High VLDL concentrations are associated with elevated plas-
ma triglycerides and suppressed high-density lipoprotein
levels, both of which are considered as important risk factors
of metabolic syndrome and cardiovascular disease [5, 6].

A number of observational and interventional studies have
documented the association between MD and incidence or
severity of NAFLD [7] but no meta-analysis has yet been
performed on these reports. A number of meta-analyses have
evaluated the association between MD and metabolic diseases
[8, 9]. Evidence derived from meta-analyses of cross-section-
al, prospective cohorts, and randomized controlled trials
(RCT) has shown that adherence to MD is associated with
reduced risk of overall mortality, cardiovascular diseases, cor-
onary heart disease, myocardial infarction, diabetes, neurode-
generative diseases, and overall cancer incidence [8]. In the
current meta-analysis, we assessed the association between
MD and liver steatosis in patients with NAFLD using both
observational and clinical investigations. In RCTs, we also
investigated the effect of MD on cardiometabolic risk factors
of NAFLD patients.

Methods

Search

PubMed, Scopus, and Embase were searched from the earliest
online available date through May 2019 to find observational
studies investigating (1) the association between MD and he-
patic steatosis in observational studies or (2) examining the
effect of MD on cardiometabolic risk factors of NAFLD pa-
tients in RCT.Main search terms includedMediterranean diet,
non-alcoholic fatty liver, liver steatosis, hepatic steatosis,
steatohepatitis, and NAFLD. In PubMed search, MeSH terms
were used where possible. There was no restriction on date
and language. Review papers were also checked to find pos-
sible undetected references. The search and screening were

performed by two independent investigators. The disagree-
ments were resolved by discussion.

Eligibility criteria

Original articles pertaining MD and NAFLD were assessed
for eligibility. For observational studies, any cross-sectional,
case-control, or cohort study that assessed the relationship
with adherence to MD and the prevalence or development of
NAFLD was considered eligible. Studies were excluded if (1)
components of MDwere examined instead of MD as a whole,
and (2) there was inadequate information for odds ratio (OR)
and confidence interval (CI). For RCTs, trials that examined
the effect of MD on NAFLD patients were considered unless
in the case of the following: (1) inappropriate study design
such as the lack of control group; (2) MD combinedwith other
interventions, such as exercise or ketogenic MD; (3) testing
components of MD instead of the whole diet; (4) administra-
tion of non-isocaloric diets to treatment and control groups;
(5) no report or reporting insufficient information on parame-
ters of interest, such as mean and standard deviation (SD) or
the number of participants in each group; (6) repeated publi-
cations. In any type of study, NAFLD needed to be diagnosed
by either imaging or histological methods. Also, cases of al-
coholic fatty liver should have been ruled out.

Outcomes

For both observational and clinical studies, hepatic steatosis
was our main goal. In RCTs we also collected data on the
following outcomes: weight, body mass index (BMI), waist
circumference, blood pressure, triglycerides, total cholesterol,
low-density lipoprotein (LDL) cholesterol, high-density lipo-
protein (HDL) cholesterol, fasting blood glucose, fasting in-
sulin, homeostatic model assessment of insulin resistance
(HOMA-IR), alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), and gamma-glutamyl transferase
(GGT).

Quality assessment

The quality of cohort and case-control studies was assessed
with Newcastle-Ottawa Scale (NOS) which assesses selection
bias, comparability of the groups for important factors, and
outcome [10]. For cross-sectional studies an adapted form of
the Newcastle-Ottawa Scale (NOS) was used [11]. For RCTs,
the quality of the trials was assessed according to the
Cochrane’s instructions for risk of bias assessment [12]. The
criteria used by this tool include: random sequence generation
(selection bias), allocation sequence concealment (selection
bias), blinding of participants and personnel (performance bi-
as), blinding of outcome assessment (detection bias),
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incomplete outcome data (attrition bias), selective outcome
reporting (reporting bias), and other potential sources of bias.

Statistical analysis

For RCTs, Mean and SD of the difference between pre- and
post-intervention data for control and treatment groups were
used to calculate pooled effects. The random-effects inverse-
variance model was used to calculate weighted mean differ-
ence and 95% CI. For observational studies, OR and 95% CI
were used.Where possible, the highest quantile was compared
to the lowest quantile (set as reference). ORs and 95% CIs
were log-transformed and then DerSimonian and Laird
random-effect method was used to calculate the effect size.
Between-study heterogeneity was evaluated using Cochrane
χ2 test and I2. Publication bias was determined by visual eval-
uation of funnel plots and Egger’s test [13]. STATA software
version 12.0 (StataCorp, USA) was used for data analysis.
P < 0.05 was considered statistically significant.

Results

Search

After searching the databases, 496 articles were found,
screened through reading their titles and abstracts, and care-
fully assessed according to the inclusion/exclusion criteria.
Finally, 7 observational studies (5 cross-sectional, 1 case-

control, and 1 prospective cohort) and 6 trials passed the eli-
gibility stage and entered in the meta-analysis. The flowchart
of the study selection is presented in Fig. 1. The number of
participants in observational studies was 16,823 (7732 males
and 9091 females) and that in RCTs was 272 (179 males and
93 females). Summary characteristics of the selected articles
are presented in Table 1.

Observational studies

In observational studies, there was an approximately significant
inverse association between MD and NAFLD (combined effect
size (ES) = 0.95; 95% CI: 0.90, 1.00; P = 0.05) with a high het-
erogeneity between results (I2 = 68.1%, P = 0.004) (Fig. 2).

Clinical trials

Only 4 trials tested the effect ofMDon liver steatosis (Fig. 3), but
the method of the evaluation was not identical; Abenavoli et al.
[20] and Misciagna et al. [23] used liver ultrasound while
Properzi et al. [24] and Ryan et al. [25] used magnetic resonance
spectroscopy (MRS). Combined effects of MD on all 4 trials did
not show a significant effect (ES =−0.57; 95% CI: −1.36, 0.23;
P = 0.16) but in subgroup analysis, studies that examined liver
steatosis by MRS (n = 2) revealed the effectiveness of MD on
liver steatosis (ES = −4.22; 95%CI: −6.89, −1.55;P < 0.002) but
trials that used ultrasound (N = 2) showed a trend towards signif-
icance (ES = −0.33; 95% CI: −0.69, 0.04; P = 0.08).

Records identified (n=496) in 
PubMed (n=55), Scopus (n=264),  

and Embase (n=177)

Assessed for eligibility
(n=50) 

Records excluded by screening 
title/abstract (n=280) 

Included in the meta-analysis
observational (n=7), RCT (n=6)

- 37 excluded:
• Insufficient information (13)
• Parameters of interest not measured (9)
• Repeated publications (6)
• Problems with study design (n=4)
• Med diet mixed with other treatments (3)
• Components of Med diet (2)

Duplicate records excluded 
(n=166)

Fig. 1 Flowchart of the study
selection
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MD showed a significant decreasing effect on BMI (ES =
−1.23 kg/m2; 95% CI: −2.38, −0.09 kg/m2; P = 0.034; n = 5)
(Fig. 4) and weight (ES = −4.13 kg; 95% CI: −8.06, −0.20 kg;
P = 0.039; n = 5) (Table 2) but not on waist circumference
(Table 2). MD also demonstrated improvement in triglycer-
ides (ES = −33.01 mg/dL; 95% CI: −52.84, −13.18 mg/dL;
P = 0.001; n = 5) and total cholesterol (ES = −6.89 mg/dL;
95% CI: −14.90, 1.12 mg/dL; P = 0.09; n = 4) (Fig. 5a, b)
but no effect was observed on LDL and HDL cholesterol,
systolic and diastolic blood pressure, fasting blood glucose,
and insulin (Table 2). Despite that MD did not change insulin
but it revealed a significant effect on HOMA-IR (ES = −0.94;
95% CI: −1.29, −0.58; P < 0.001; n = 5) (Fig. 6).

MD showed reductions in liver transferases; ALT (ES =
−8.87 U/L; 95% CI: −19.45, 1.71 U/L; P = 0.10; n = 5),
AST (ES = −5.96 U/L; 95% CI: −11.74, −0.18 U/L; P =
0.04; n = 2), and GGT (ES = −4.73 U/L; 95% CI: −13.78,
4.32 U/L; P = 0.31; n = 5), although the reductions were not
significant unless for AST, for which due to insufficient num-
ber of trials (n = 2) the result is inconclusive (Table 2).

With the exception of total cholesterol, HDL choles-
terol, HOMA-IR, AST and GGT, there was high hetero-
geneity between data ranging from 63.7% to 91.6%.
Due to low number of trials, performing meta-
regression and subgroup analysis was not possible. The
heterogeneity was also observed between results of ob-
servational investigations (79%).

Quality assessment

Risk of bias for observational studies (Supplementary
Table 1) and RCTs (Supplementary Table 2) was
assessed according to the criteria described in the
Methods. Case-control and cohort studies had high qual-
ity score but cross-sectional studies lacked report of
non-response rate but they all had used good statistical
tests and appropriate confounders control. RCTs had
mostly high risk of bias due to lack of blinding patients
and/or personnel.

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 68.9%, p = 0.022)

Ryan et al.,2017

Abenavoli et al.,2017

MRS

Subtotal  (I-squared = 0.0%, p = 0.884)

Properzi et al.,2018

Study

Subtotal  (I-squared = 47.0%, p = 0.169)

US

Misciagna et al.,2017

-0.57 (-1.36, 0.23)

-4.40 (-8.01, -0.79)

0.00 (-0.61, 0.61)

-4.22 (-6.89, -1.55)

-4.00 (-7.98, -0.02)

ES (95% CI)

-0.33 (-0.69, 0.04)

-0.43 (-0.51, -0.36)

100.00

4.42

39.83

8.11

3.69

Weight

91.89

52.06

0-8.01 8.01

Fig. 3 Forest plot of trials
examining the effect of
Mediterranean diet on liver
steatosis in NAFLD patients with
subgroup analysis based on the
method of hepatosteatosis
evaluation

NOTE: Weights are from random effects analysis

Overall  (I-squared = 68.1%, p = 0.004)

Khalatbari et al.,2019

Study

Ma et al.,2018

Kontogianni et al.,2014

Chan et al.,2015

Aller et al.,2019

Khalatbari et al.,2019

Baratta et al.,2017

0.95 (0.90, 1.00)

0.95 (0.88, 1.02)

ES (95% CI)

0.78 (0.57, 0.93)

1.01 (0.97, 1.06)

0.95 (0.88, 1.01)

0.86 (0.74, 0.91)

0.99 (0.96, 1.02)

0.36 (0.14, 0.90)

100.00

17.77

Weight

3.56

22.31

18.00

12.91

25.15

0.29

1.141 7.09

Fig. 2 Forest plot of
observational studies evaluating
the association of Mediterranean
diet and NAFLD
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Publication bias

There was a significant publication bias inspected by Egger’s
test in the observational studies (P = 0.002) but no publication
bias was detected in the investigated outcomes of RCTs.

Discussion

Evidence from observational and clinical investigations puts
forward an inverse association between MD and NAFLD.
Among the assessed biomarkers, BMI, triglycerides, and
HOMA-IR showed significant reduction following consump-
tion of MD, total cholesterol (P = 0.09) and ALT (P = 0.10)
indicated trends for reduction, but no specific effect was ob-
served for LDL and HDL cholesterol and systolic blood pres-
sure (P = 0.8–0.99).

Although the evaluated outcomes were all related to NAFLD,
the improvement of NAFLD following MD was not concordant
with betterment of all parameters. BMI, triglycerides, and
HOMA-IR were the only parameters with significant reduction

following MD, suggesting that the possible beneficial effect of
MD on NAFLD may be exerted through improvement of these
parameters. Previous studies have shown that obesity, hypertri-
glyceridemia, and insulin resistance are the most important and
crucial risk factors in the pathogenesis of NAFLD, with obesity
being the most underlying element [5, 6]. Release of fatty acids
from superfluous fat masses particularly in the visceral areas
induces systemic and hepatic insulin resistance which succes-
sively intensifies liberation of free fatty acids from adipose tis-
sues. Excessive amounts of circulating free fatty acids ultimately
leads to hypertriglyceridemia and consequently NAFLD [5, 6].

MD did not have a significant effect on cholesterol and
blood pressure, likely because compared to weight, plasma
triglycerides, and insulin resistance, these parameters have
less direct relationship to NAFLD [5, 6]. Similarly, fasting
blood glucose and serum insulin concentrations were not af-
fected by MD because the net amount of glucose and insulin
in the blood is less likely to directly relate to NAFLD.
Contrariwise, insulin resistance which is one of the most im-
portant contributors of NAFLD significantly decreased. The
influence ofMD on liver transaminases largely depends on the

Table 2 Effects of Mediterranean diet on some of cardiometabolic biomarkers of NAFLD patients

Outcomes Studies (n) ES (95% CI)1 P value Heterogeneity P for heterogeneity

Weight (kg) 5 −4.13 (−8.06, −0.20) 0.04 75.5% 0.003

Waist circumference (cm) 4 −1.85 (−5.01, 1.32) 0.25 63.7% 0.04

Fasting blood glucose (mg/dL) 5 −0.94 (−4.24, 2.37) 0.58 69.9% 0.01

Fasting insulin (mU/L) 4 −1.06 (−6.33, 3.13) 0.51 91.6% < 0.001

LDL cholesterol (mg/dL) 4 −0.09 (−18.03, 17.85) 0.99 88.4% < 0.001

HDL cholesterol (mg/dL) 4 0.25 (−1.57, 2.06) 0.79 10.3% 0.34

Systolic blood pressure (mmHg) 4 0.32 (−5.30, 5.93) 0.91 71.6% 0.01

Diastolic blood pressure (mmHg) 4 −1.23 (−6.34, 2.07) 0.32 75.4% 0.007

Alanine aminotransferase (U/L) 5 −8.87 (−19.45, 1.71) 0.1 79.4% 0.001

Aspartate aminotransferase (U/L) 2 −5.96 (−11.74, −0.18) 0.04 55.8% 0.13

Gamma-glutamyl transferase (U/L) 5 −4.73 (−13.78, 4.32) 0.31 36.0% 0.18

1 Effect size and 95% confidence interval

NOTE: Weights are from random effects analysis
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degree by which these enzymes are affected by NAFLD.
Since the extent of change in these enzymes is not accordant
to the development or degree of NAFLD, their alteration fol-
lowing consumption of MD is not expected. Studies have
shown that hepatic steatosis may not be associated with ele-
vation of liver transaminases [26]. ALT is generally used as a
non-invasive tool for detection of hepatosteatosis [27, 28].
However, approximately 80% of NAFLD patients have nor-
mal ALT [29]. It has been suggested that in individuals with
normal ALT, evaluation of glucose metabolism and insulin

resistance should be used as a complementary tool for detec-
tion of NAFLD [30].

Having a look at the mechanisms involved in the develop-
ment of NAFLD, the above-mentioned justifications become
more clear. There are numerous mechanisms through which
MD might prevent hepatic steatosis. Some of these mecha-
nisms directly affect hepatic fat oxidation and/or lipogenesis,
some rectify metabolic causes or consequences of NAFLD,
and some prevent progression of NAFLD to its more severe
form, nonalcoholic steatohepatitis (NASH). Here, we state
some of the most important and relevant mechanisms.

A part of the beneficial effects of MD is due to its fatty acid
composition; low saturated (SFA) and high poly- (PUFA) and
mono- (MUFA) unsaturated fatty acids. In MD, consumption
of nuts and fish provides high quantities of PUFA whereas
olive oil affords sufficient amount of MUFA. SFA intensify
hepatic steatosis but PUFA and MUFA are protective against
liver fat accumulation [31, 32]. Long-chain n-3 fatty acids are
the most beneficial PUFA for NAFLD. They prevent liver
adipogenesis by modifying transcription of peroxisome
proliferator-activated receptor α (PPARα) and sterol regula-
tory element-binding protein (SREBP)-1 genes, which regu-
late hepatic fatty acid oxidation and synthesis, respectively
[33, 34]. Long-chain n-3 fatty acids also suppress direct up-
take of fatty acids from blood into hepatocytes [35].

Vegetables, fruits, nuts, legumes, and cereals provide great
quantities of fiber for MD. Bacterial fermentation of fiber may
contribute to the beneficial metabolic effects of MD.
Fermentation metabolites, such as butyrate and propionate,
have shown anti-obesity, insulin-sensitizing, and anti-
inflammatory potential although the direct effect of fiber on
hepatic steatosis has not been indicated in clinical trials [36].
Whole grains have also phytochemicals such as betaine,
ferulic acid, and alkylresorcinols that may prevent fat accu-
mulation in the liver [37].

MD has also potential to block or slow down the progres-
sion of NAFLD to more severe stages of fatty liver such as
NASH and liver fibrosis. Fruit and vegetables, olive oil, nuts,

NOTE: Weights are from random effects analysis
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of NAFLD patients
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whole grains, and red wine in MD contain antioxidant vita-
mins such as vitamins C and E, and antioxidant phytochemi-
cals such as polyphenols and flavonoids. These antioxidants
can attenuate oxidative stress induced by accumulated fat in
the liver [38]. Moreover, such ingredients exhibit additional
activities independent of their antioxidant effects. For in-
stance, flavonoids are suggested to decrease body weight as
well as fat deposition in both visceral tissues and in the liver,
in the later at least partly by increasing fatty acid β-oxidation
and suppressing lipogenesis (through down-regulation of
SREBP-1) [6].

Thanks to its high nuts and vegetable content, MD contains
plenty of n-6 fatty acids; but it also has fish with abundant n-3
fatty acids, yielding a proper balance between n-6 and n-3
fatty acids. Considering distinct and sometimes contrary ef-
fects of these fats on systemic inflammation and adipogenesis,
this balance is crucial for health and prevention of obesity
[39]. For instance, sufficient quantity of n-3 fatty acids in
membranes is needed for appropriate membrane functionality.
As an example, long-chain n-3 fatty acids improve insulin
sensitivity by maintaining membrane fluidity and regulating
expression and activity of insulin receptors [40].

Limitations

This was the first meta-analysis conducted to demonstrate the
association between MD and NAFLD. Although the results
were largely promising, more studies in both observational
and interventional types are needed to make firmer conclu-
sions. There were limitations in either form of studies. For
instance, various factors were used as confounders in the anal-
ysis of epidemiological investigations; this could have affect-
ed comparability of the results. Also, studies used different
methods for detection or estimation of NAFLD severity or
recruited patients with various levels of liver steatosis, and
these differences may have also compromised homogeneity
of the findings. The heterogeneity was also observed in die-
tary intervention: there was difference between RCTs in def-
inition of MD, diet strategy for MD (e.g., MD with or without
calorie restriction), diet strategy in the control group (e.g., low
fat or regular diet), and intervention periods. These heteroge-
neities could be amended by subgroup analysis if there were
sufficient number of RCTs, but limited number of trials did
not allow to perform such analysis. More investigations need
to be conducted in this area.

Conclusion

Overall, available data from observational and clinical studies
indicated trends for the relationship between MD and hepatic

steatosis. RCTs showed significant improvement in BMI, se-
rum triglycerides, and insulin resistance following consump-
tion of MD but less remarkable or no alteration was observed
in other outcomes. This suggests that improvement in the most
important risk factors of NAFLD, i.e. BMI, serum triglycer-
ides, and insulin resistance, may be involved in such
relationship.
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