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Introduction 
 
Nonalcoholic fatty liver disease (NAFLD), cha-
racterized by increased fat accumulation in the 
hepatocytes of the liver parenchyma, is today one 
of the most common causes of chronic liver dis-
ease worldwide (1-4). NAFLD affects 20%-40% 
of population in Western countries and 5%-40% 
of general populations in Asia-Pacific region (5). 
The increasing prevalence of NAFLD parallels 
the rise of obesity, type 2 diabetes mellitus, and 
components of the metabolic syndrome, particu-

larly insulin resistance (5-8). Development of 
NAFLD is considered to be through a "two hit" 
process. The first "hit" includes excessive fat ac-
cumulation in liver cells and insulin resistance. 
Oxidative stress and pro-inflammatory cytokines 
play roles in the second "hit" (5, 9).  
The disease encompasses a wide spectrum of 
conditions ranging from simple steatosis to non-
alcoholic steatohepatitis (NASH), which can 
progress to fibrosis, cirrhosis and hepatic carci-
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noma (5, 7, 10). Moreover, NAFLD patients are 
at increased risk of cardiovascular disease and 
chronic kidney disease (6, 11). Diet has a key role 
in the development of NAFLD. Genetic and 
positive energy balance have important impacts 
on the first "hit" and diet composition affects the 
second "hit" and the severity of NAFLD (8, 12, 
13) emphasizing the criticality of management 
and control of NAFLD.  
Several studies have reported that excessive con-
sumption of carbohydrates, especially refined 
carbohydrates, fats, saturated fats in particular, 
and protein from meat can cause NAFLD (14-
18). Besides, higher intakes of soft drinks and 
meat are associated with NAFLD in adults (14). 
To date lifestyle changes and dietary modifica-
tions are the main established treatment guide-
lines for NAFLD (3, 4, 19, 20). Lifestyle modifi-
cations involve weight loss and increasing physi-
cal activity (3, 8, 21). Weight loss by following a 
calorie-restricted diet and increasing physical ac-
tivity can improve steatosis, dyslipidemia, insulin 
resistance, and cardiovascular risk and reduce 
hepatic inflammation and hepatocellular injury 
(2-4, 21). Moreover, all patients with NAFLD are 
advised to adhere to several dietary recommenda-
tions such as avoiding simple carbohydrates, sa-
turated fats, and sweetened drinks and consum-
ing diets rich in fruits and vegetables (3, 4, 13).  
Although there are studies examined the relation-
ship between NAFLD and food intakes, no sys-
tematic review has been conducted to summarize 
the findings. Thus, the objective of this study was 
to review systematically observational studies 
available on the relationship between food 
groups, dietary patterns, and non-alcoholic fatty 
liver disease. 
 

Methods 
 
Data sources 
To identify relevant studies, a systematic search 
strategy of PubMed, Scopus, and Cochrane Li-
brary was conducted using queries including the 
keywords “non-alcoholic fatty liver disease”, 
“hepatic steatosis”, “steatohepatitis”, and 

“NAFLD”, “nutrition”, “dietary pattern”, “food 
groups”, “fruits”, “vegetables”, “dairy”, “grains”, 
“fats”, and “meats”. All searches were limited to 
studies published in English. 
 
Eligibility criteria 
Studies with design of cohort, case-control, and 
cross-sectional setting have evaluated the associa-
tion between dietary patterns, food group intakes 
and NAFLD were initially included in the review. 
 
Study Selection 
Two researchers performed study selection inde-
pendently. First, the titles and abstracts of all re-
trieved studies were screened. Then, the full texts 
of potentially eligible studies were reviewed be-
fore definitive inclusion. Disagreements between 
the two authors were resolved by consensus. 
 
Data extraction 
Relevant data were extracted from studies. The 
data form included the following information: 
first author’s name and year of publication, coun-
try and study design, number of participants, 
range of follow-up, demographic characteristics 
of participants, methods of dietary intake assess-
ment and NAFLD diagnosis, dietary factors eva-
luated, statistics for association between dietary 
patterns, food group intakes and NAFLD. 
 
Quality assessment 
We used the “Strengthening the Reporting of 
Observational Studies in Epidemiology” 
(STROBE) checklist to assess the quality of in-
cluded studies. Scoring definitions were derived 
from the explanation and elaboration document 
(22). The quality of reporting of the 33 studies 
included in full-text step was assessed by the two 
authors and five studies which had the quality 
scores < 50% were excluded.  
 

Results 
 
The initial search identified 2128 articles, of 
which 1020 records were duplicated and 1108 
were considered eligible for further evaluation. 
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Of these, 1075 were excluded because they did 
not fulfill the inclusion criteria; 33 articles were 
reviewed in full text and eventually, a total of 7 
articles (two cross-sectional studies, four case-
control studies, and one cohort study) published 
between 2010 and 2013 were selected (12, 23-28) 
(Fig. 1). 
 

 
 

Fig. 1: Flowchart of the search and selection process 
for articles included in the systematic review 

 
The studies were from Brazil, America, Greece, 
Iran, China, and Australia. The food frequency 
questionnaire (FFQ) was the most common die-
tary assessment tool used in the studies (n=6) 
(12, 23, 24, 26-28), whereas the dietary record 
was only used in one study (25). The number of 
food items was ranged 17 to 212, in different ver-
sions of the FFQ; dietary assessment was in-
cluded information of dietary intakes over the 
past year and the food groups, assessed in these 
studies, was included bread and grains, meat and 
beans, fruits, vegetables, milk and dairy and fats 
and oils. Abdominal ultrasonography was used in 

nearly all of the studies for NAFLD diagnosis. 
According to the STROBE criteria, the quality of 
the selected articles was ranged 57%-80%. In 
case-control studies, participants were matched in 
terms of sex, age, and body mass index. In the 
cohort study, data was adjusted for the Western 
and the healthy dietary pattern, sex, misreporting, 
income, watching TV and physical activity at age 
14 yr. Summary of characteristics and findings of 
these studies were shown in Table 1. 

 
Food groups intake and non-alcoholic fatty 
liver disease 
Five studies including two cross-sectional (23, 
24), two case-control (25, 26) and one cohort 
(28), examined the relationship between food 
group intakes and NAFLD; results of four of 
these showed that grains consumption in patients 
with NAFLD was lower compared to healthy 
subjects or the recommended values. 
In a cross-sectional study performed in Brazil 
(23) on 96 patients with NAFLD, the average 
number of consumed cereals was lower than the 
recommended number in the Brazilians Dietary 
Guideline (0.3 vs. 2.1 meals/day, P<0.01). A 
cross-sectional study from the USA (24), of 74 
patients with NAFLD, Hepatitis C Virus (HCV) 
and Hepatitis B Virus (HBV), indicated that 
NAFLD patients had lower weekly serving ce-
reals and grains scores than HBV patients and 
higher than those of the HCV group (5.11 vs. 
7.63 and 5.11 vs. 4.88, P<0.01, respectively). A 
case-control study was performed on 100 
NAFLD patients and 100 healthy subjects in Iran 
(25); whole grain intakes in the patients was lower 
than in controls (31.3 vs. 61 g/d, P=0.001) and 
refined-grain intakes in cases was higher than in 
healthy subjects (378.1 vs. 267.1 g/d, P=0.001). A 
case-control study (26) in China was conducted 
on 200 non-alcoholic fatty liver disease patients 
and 200 controls. The average rice and wheat in-
take in the patients were non-significantly higher 
than in controls. Whereas, the average consump-
tion of coarse cereals in NAFLD patients was 
lower than patients with healthy subjects (15.4 vs. 
23.4, P<0.05).   
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Table 1: Summary of characteristics and findings from reviewed studies 
 

Author Study design 
and  

Follow-up 

Study population Dietary intake assessment 
and NAFLD diagnosis 

Factors studied Findings 

Ferolla et al. 
2013(23) 

 

Cross-
sectional 

96 men and 
women, median 

age: 53 yr, 
Brazil 

80-item Semi-quantitative food-
frequency questionnaire and 24-

hour food recall/ Abdominal 
ultrasound 

All food groups (bread and grains, 
meat and beans, fruits, vegetables, 

milk and dairy, fats and sweets) 

A significantly higher intake of meats, fats, 
sugars, legumes and vegetables in the patients 

compared with the recommendations (P<0.05) 
A significantly lower consumption of cereals, 
fruits and dairy products in patients compared 

to the recommendations (P<0.05) 
Kim et al. 
2010(24) 

 

Cross-
sectional 

74 men and 
women, mean age: 

52.5, 
America 

13-item food-frequency ques-
tionnaire 

All food groups (bread and grains, 
meat and beans, fruits, vegetables, 

milk and dairy, fats and sweets) 

Higher calories intake from meat and bean in 
NAFLD patients compared with HBV and 

HCV (2424.8 vs. 2251 and 2057, respectively, 
P=0.316) 

Higher calories intake from milk in NAFLD 
patients compared with HBV (845 vs. 620.6, 

P=0.0137) 
Lower calories intake from fruits in NAFLD 

patients compared with HBV and HCV (715.6 
vs. 943.4 and 931.2, respectively, P=0.0112) 

HashemiKani 
et al. 

2013(25) 

 

Case-control NAFLD patient: 
100 men and 

women, mean age: 
37.9 

Control: 100 men 
and women, mean 

age: 37.9, 
Iran 

 

Three dietary records (one 
weekend and two week days)/ 

Sonography 

Different food groups (grains, meat, 
fruits, vegetables, dairy, poultry and 

fish) and dietary indices (Dietary 
Energy Density (DED), Dietary 
Diversity Score (DDS), Healthy 

Eating Index (HEI), Mean Adequacy 
Ratio MAR)) 

Higher intake of refined grains in NAFLD 
patients compared with controls (378.1 vs. 

267.1, P=0.001) 
Lower intake of whole grains and vegetables in 
NAFLD patients compared with controls (31.3 

vs. 61, P=0.001; 293.7 vs. 359.9, P=0.01, re-
spectively) 

Lower values of HEI, DDS and MAR in 
NAFLD patients compared with controls (53.3 

vs. 63.9, P=0.01; 5.9 vs. 7.7, P=0.06; 10.6 vs. 
14.1, P=0.03, respectively) 

Higher amount of DED in NAFLD patients 
compared with controls (1.7 vs. 1.1, P=0.05) 
Marginally significant association between all 

the dietary quality indices and NAFLD (P 

trend≤0.09) 
Shi et al. 
2012(26) 

 

Case-control NAFLD patient:200 
men and women 

aged 20-90 
Control: 200 men 
and women aged 

20-90, 
China 

 

17-item food-frequency ques-
tionnaire/ Abdominal ultra-

sound 

Different food groups ( rice and 
wheat, coarse cereals, potatoes, 

vegetables, fruits, meat, dairy and 
nuts) 

Lower intake of coarse cereals, potatoes, vege-
tables, fruits and milk in NAFLD patients 

compared with control group (P<0.05) 
Higher intake of red meat, viscera, candies and 

pastries and cooking oil in NAFLD patients 
compared with control group (P<0.05) 

A significant association between frequent 
dessert consumption and NAFLD (OR 4.524; 

95% CI 1.415-14.462; P=0.011), 
A significant association between frequent salty 

food consumption and NAFLD (OR 2.333; 
95%CI 1.152-4.724; P=0.019) 

A significant association between frequent spicy 
food consumption and NAFLD(OR 2.192; 

95%CI 1.030-4.664; P=0.042) 
Magalhaes et 

al. 
2013(27) 

 

Case-control NAFLD patient: 24 
women aged 20-50 
Control: 36 women 

aged 20-50, 
Brazil 

13-item qualitative food fre-
quency questionnaire/ Ab-

dominal ultrasound 

Different food groups (vegetables, 
fruits, meat and beans, eggs, dairy, 
sweets, soft drinks, chocolates and 

fried foods) 

A non-significantly higher intake of meats, 
fruits, beans, sweets and chocolates in NAFLD 

patients compared with controls 
A non-significantly lower intake of dairy prod-

ucts, eggs, vegetables, soft drinks and fried 
foods in NAFLD patients compared with 

controls 
Kontogianni 

et al. 
2013(12) 

Case-control NAFLD patient: 58 
men and women 

aged 18-65 
Control: 58 men 
and women aged 

18-65, 
Greece 

60-item semi quantitative food 
frequency questionnaire/ Ultra-

sonography 

Mediterranean Diet Score Negative association between Mediterranean 
diet score and logHOMA-IR (standardized beta 

coefficient= -0.303, P=0.005) 
Negative correlation between adherence to the 
Mediterranean diet and steatosis (Rho= -0.52, 

P=0.006) 

Oddy et al. 
2013(28) 

 

Cohort/ 3 yr 995, 14 year-old 
men and women, 

Australia 

212-item semi quantitative food 
frequency questionnaire/ Ultra-

sonography 

Different food groups (soft drinks, 
full-fat dairy, refined grains, red 

meat, takeaway foods, potato, con-
fectionary, processed meats, cakes 

and biscuits, fried chips, sauces and 
dressings, crisps) 

 

 

However, a cohort study conducted (28) on 995, 
14-year-old healthy subjects after 3 yr follow-up 

at 17 yr, the association between refined grains 
and NAFLD was not significant. Of these five 
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studies, in the four studies (23-26) consumption 
of red meat and its products in NAFLD patients 
was higher than in controls or recommended val-
ues. Intake of meat in the patients was signifi-
cantly higher than the guide (P=0.003) (23). In 
addition, patients with NAFLD were consumed 
more calories of meat and bean than HCV and 
HBV (P=0.0316) (24). Red meat and viscera con-
sumption were higher in NAFLD patients than 
in controls (150.4 vs. 97.4 g/d and 9.7 vs. 3.4 g/d, 
P<0.05, respectively) (26). In addition, non-
significantly more consumption of red meat in 
the patients were compared with the healthy sub-
jects (25) and in the study (28) this examined as-
sociation was non-significant. 
The findings of this systematic review regarding 
dairy intake in NAFLD patients was inconsistent. 
NAFLD patients consumed more calories of 
dairy products compared with HBV patients 
(845.2 vs. 620.6 calories, P=0.0137) (24). The av-
erage number of meal consumed with dairy in 
NAFLD patients was less than recommended in 
the Dietary Guide for Brazilians (0.4 vs. 1.5 
meals/day, P<0.01) (23). However, milk and de-
rived products intake in NAFLD patients were 
lower than the controls (137.6 vs. 194.1 ml/day, 
P<0.05) (26). Besides, no difference was reported 
in dairy intake between cases (25) and controls 
and non-significant association were shown be-
tween full-fat dairy intake and NAFLD (28). 
Based on the findings of the four studies of five 
in this category (23-26), fruits intake in patients 
with NAFLD was lower than healthy subjects 
were or recommended amounts. The average 
number of meal consumed with fruits in NAFLD 
patients was less than recommended amounts 
(0.9 vs. 1.5 meals/day, P<0.01) (23). NAFLD pa-
tients consumed fewer calories of fruits com-
pared with HBV and HCV groups (715 vs. 943 
and 715 vs. 931 calories, P=0.0112) (24). There 
was non-significantly lower consumption of fruits 
in the patients compared with the controls (25). 
Intake of fruits was reported in the patients lower 
than in healthy subjects (89.4 vs. 109.3 g/day, 
P<0.05) (26). 
In three of these five studies (24-26), there was a 
low intake of vegetables among NAFLD patients. 

NAFLD patients had lower score of weekly serv-
ing vegetable consumption compared with HCV 
and HBV groups (14.55 vs. 15.91 and 14.55 vs. 
18.17, P=0.04, respectively) (24). The patients 
had less intake of vegetables than the healthy 
subjects (293 vs. 360 g/day, P=0.01) (25). How-
ever, lower vegetables intake in NAFLD patients 
compared with the controls (435 vs. 480 g/day, 
P<0.05) (26). However, number of meals con-
sumed with vegetables in the patients was higher 
than recommended in the Dietary Guide for Bra-
zilians (1.6 vs. 1.5 meals/day, P=0.01) (23). 
The three of these studies showed higher con-
sumption of sugars and fats in NAFLD patients 
than in controls or recommended values. 
Number of meals consumed with fats and sugars 
in the patients was higher than recommended in 
the Dietary Guide (2.4 vs. 0.5 and 1.0 vs. 0.5 
meals/day, P<0.01, respectively) (23). Higher 
score of weekly serving fats, oil and sweets con-
sumption was reported in NAFLD patients com-
pared with HBV subjects (11.6 vs. 7.4, P<0.01) 
(24). Consumption of cooking oil, candies and 
pastries in the patients were higher than in the 
controls (47.2 vs. 30.7 and 11.6 vs. 7.4, P<0.05, 
respectively) (26). Frequent consumption of des-
sert (OR=4.5; 95% CI=1.4-14.4; P=0.01), salty 
food (OR=2.3; 95% CI 1.15-4.72; P=0.019) and 
spicy food (OR=2.19; 95% CI=1.03-4.66; 
P=0.042) were associated with NAFLD. Higher 
consumption of soft drinks was showed in 
NAFLD patients (28). Moreover, in this study, 
those in the highest quartile for soft drinks had 
93% greater risk of NAFLD (OR=1.93; 95% 
CI=1.04-3.56; P<0.05) compared with those in 
the lowest quartile. Besides, there was a high risk 
of NAFLD in those in the highest quartile for 
sauces and dressings (OR=1.95; 95% CI=1.12-
3.41; P<0.05) compared with those in the lowest 
quartile. In addition, there was a significant asso-
ciation between increasing quartiles of sauces and 
dressings and the risk of NAFLD (Ptrend=0.003). 
In one of the studies included in this systematic 
review (27), on 24 NAFLD patients and 36 con-
trols, frequency of habitual food intake including 
dairy products, meats and beans, vegetables, 
fruits, grains, sweets and chocolates, soft drinks 
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and fried foods were assessed. The results 
showed no significant differences between 
NAFLD patients and controls for frequency con-
sumption of these food groups. 
 
Different dietary patterns and non-alcoholic 
fatty liver disease 
In one study (12), a case-control study was con-
ducted on 58 patients with NAFLD and 58 
healthy subjects and was estimated adherence to 
the Mediterranean diet with Mediterranean Diet 
Score (Med Diet Score). To determine this score, 
they assessed the intake of 9 food groups: not-
refined starchy food, potatoes, fruits, vegetables, 
legumes, fish, meat and meat products, poultry 
and full-fat dairy products and also olive oil and 
alcoholic beverages. Med Diet Score did not dif-
fer significantly between cases and controls. Ad-
herence to the Mediterranean diet was not asso-
ciated with the likelihood of having NAFLD but 
this Score was significantly associated with the 
severity of steatosis (Rho=-0.52, P=0.006). 
Moreover, one unit increase in the Med Diet 
Score was associated with 36% lower likelihood 
of having non-alcoholic steatohepatitis 
(OR=0.64, 95%CI: 0.45-0.92, P=0.02) and Med 
Diet Score was negatively associated with log 
HOMA-IR (standardized beta coefficient: -0.303, 
P=0.005). 
The participants’ diets were assessed with an eva-
luated semi-quantitative FFQ at baseline, at age 
14 yr, and then after 3 yr follow-up, at 17 yr, their 
non-alcoholic fatty liver disease status was ex-
amined by ultrasonography (28). Healthy and 
Western dietary patterns were identified and all 
participants received a z-score for these two pat-
terns. Of the 995 individuals who completed a 
food frequency questionnaire at age 14 yr, 151 
were diagnosed with NAFLD at age 17 yr 
(15.2%) and of those who had the disease at age 
of 17 yr, 54.1% were overweight or obese at 14 yr 
age. Higher score for the Western dietary pattern, 
characterized by high intakes of takeaway foods, 
red meats, processed meats, full-fat dairy prod-
ucts, fried potatoes, refined cereals, cakes and 
biscuits and confectionery, soft drinks, crisps, 
sauces and dressings, was positively associated 

with the odds of non-alcoholic liver disease at 17 
yr (OR 1.59; 95%CI 1.17-2.14; P=0.003). In addi-
tion, there was a significant association between 
increasing quartiles of the Western dietary pattern 
scores and odds of NAFLD (P trend=0.03). More-
over, those in the highest quartile of the Western 
dietary pattern had 2.6 times greater odds of 
NAFLD compared with those in the lowest quar-
tile (OR=2.64; 95% CI: 1.34-5.18, P=0.005). 
However, after adjustment for BMI at age of 14 
yr this association was non-significant, indicating 
that the association between NAFLD and the 
Western dietary pattern is likely acting through an 
obesity pathway. In this study, a protective asso-
ciation between the healthy dietary pattern, posi-
tively related to whole grains, fruits, vegetables, 
legumes, fish and fiber and was inversely corre-
lated with energy from total fat, saturated fat and 
refined sugar, and the disease was not observed 
but in a subgroup of participants with central ob-
esity at age of 17 yr (n=191), a healthy dietary 
pattern was significantly associated with a re-
duced risk of NAFLD (OR=0.63; 95%CI: 0.41-
0.96, P=0.033). 
 
Dietary quality indices and non-alcoholic fat-
ty liver disease 
A case-control study was investigated the relation 
between dietary quality indices and NAFLD (25). 
In this study, four dietary quality indices were 
assessed: Dietary Energy Density (DED), Dietary 
Diversity Score (DDS), Healthy Eating Index 
(HEI) and Mean Adequacy Ratio (MAR). DED 
calculates energy density from food only as ener-
gy (kcal)/weight of food (g) excluding non-
energetic beverages. DDS and HEI evaluate the 
intake of five food groups, bread-grains, vegeta-
bles, fruits, meats and dairy and MAR is the mean 
adequacy ratio of daily individual intakes to stan-
dard recommended amounts for subject’s sex and 
age category. All of these indices were associated 
with NAFLD at a marginally significant level. 
The patients had lower values of HEI, DDS, and 
MAR and higher amount of DED than healthy 
subjects did. Compared to the fourth quartile, 
participants who were in the first quartile of 
DED had a 47% more chance of having NAFLD 
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(OR=0.53, 95% CI=0.19-0.89). Moreover, the 
chance for having NAFLD decreased (P 

trend=0.07, P trend=0.09, and P trend=0.05; respec-
tively) across increasing intakes of HEI, DDS 
and MAR; the likelihood of developing NAFLD 
also increased (P trend=0.05) across increasing 
trends of DED. 
 

Discussion 
 
This is the first systematic review regarding the 
association between food intakes and non-
alcoholic fatty liver disease. The results of our 
review suggest that there are relationships be-
tween various food groups intake, diets, and 
NAFLD but not clear and conclusive ones and 
NAFLD patients consume difference amounts of 
various food groups. The reasons for these dif-
ferences and uncertainties are different study de-
signs (12, 23-26), small sample size (12, 25, 27), 
no control of confounder variables such as anth-
ropometric factors and socioeconomic status (23, 
25-27), the diagnostic method of NAFLD (12, 
23, 25-27), bias caused by FFQ (12, 23, 24, 26) 
and no control group or unhealthy controls (23-
25, 27). Therefore, it is necessary to give special 
attention to these factors in future studies in this 
field.  
We can discuss the relationship between diet and 
NAFLD in different perspectives. Some of them 
studied the association between food group in-
takes and NAFLD. Red meat and its products, 
fats and oils and sugars and sweets intake were 
higher and whole grains, fruits and vegetables 
intake were lower in the patients than in the con-
trols or recommended amounts. Generally, re-
view of studies has shown dairy consumption can 
reduce the risk of obesity, particularly abdominal 
obesity, diabetes and hypertension, which are 
NAFLD risk factors (29, 30). However, the re-
sults of included articles in this review were in-
consistent because their quality was influenced by 
some major limitations like different study design 
(23, 24, 26), no control group (24) or obese par-
ticipants (23, 26). Therefore, more prospective 
studies are needed in this field. 

In most of the reviewed studies, fruits and vege-
tables consumption were lower in NAFLD pa-
tients compared with healthy subjects or recom-
mended amounts. The protective effects of high 
intake of fruits and vegetables on NAFLD pre-
vention are due to a high content of fiber, 
phytochemicals, and antioxidants in these food 
groups. Phytochemicals and antioxidants are anti-
inflammatory compounds and can prevent devel-
oping hepatic steatosis. Moreover, fiber plays an 
important role in maintaining blood glucose, in-
sulin and free fatty acids at a constant level, in 
patients with NAFLD (31, 32). This result can be 
the best explain for the reason of lower hepatic 
steatosis in individuals who adhere to the Medi-
terranean diet because there are high amounts of 
fruits and vegetables in this dietary pattern (12, 
33, 34). 
Moreover, most of the studies in this systematic 
review showed higher consumption of red meat 
in NAFLD patients. Saturated fatty acids in red 
meat increase trans-10, cis-12 conjugated linoleic 
acid in liver cells (35) and so can promote endop-
lasmic reticulum stress and apoptosis (36), in-
volved in the pathogenesis of NAFLD. 
Some other studies in this review, evaluated the 
association between diet and non-alcoholic fatty 
liver disease, from the perspective of dietary pat-
terns (12, 28). Review of these studies showed 
the Western dietary pattern was prospectively 
associated with NAFLD. In fact, common foods 
in the Western dietary pattern including 
processed sugars and fat, white bread, refined 
grains, soft drinks, and confectionary, by 
provision of excess calories and large amounts of 
sugars such as fructose, can cause rapidly in-
creased postprandial plasma glucose and insulin 
levels. (28, 37-39). Several studies showed a sig-
nificant association between the Western dietary 
pattern and obesity (40, 41). Obese individuals 
were followed a Western dietary pattern had a 
greater rate of de novo lipogenesis, one of the 
causes of NAFLD, compared with lean subjects 
when fed the same diet (42).. Based on these 
findings and other studies regarding the pathoge-
nesis and risk factors of NAFLD and different 
dietary patterns (43-52) we can suggest Fig. 2. 

Archive of SID

www.SID.ir

http://www.sid.ir


Mirmiran et al.: Relationship between Diet and Non-alcoholic Fatty Liver … 

Available at:    http://ijph.tums.ac.ir                                                                                                      1014 

 
 

Fig. 2: Effects of western and healthy dietary patterns on the development of nonalcoholic fatty liver disease: a. 
western dietary pattern can cause NAFLD through several ways: 1) by ↑ HODE (hydroxyoctadecadienoic acids), 
HETE (hydroxyeicosatetraenoic acids), TBARS (thiobarbituric acid-reactive substances) and oxidized LDL (lipid 
oxidation products), so increase in oxidative stress, 2) by ↑inflammation mediated by Kupffer cells and TNF-α, and 
3) by alteration in secretion of adipokines from fat tissues for example: reduction in adiponectin and increase in lep-
tin, TNF-α, interleukin-6 and resisting. b. Healthy dietary pattern can provide protection towards development of 
NAFLD through: 1)by effect on pancreas and so decrease in postprandial insulin responses and increase in insulin 
sensitivity, 2) by affecting the growth of gut bacteria (suppression in the growth of pathogenic bacteria and stimula-
tion in beneficial ones)leading to↓ FFA uptake in Liver/adipose tissue, ↓ lipogenesis, ↓ gluconeogenesis, ↓ energy 
harvest from diet, ↑ VLDL secretion from liver and ↓ liver inflammation, and3)by ↓ Kupffer cells, TNF-α and CRP 
and so reduction in inflammation. 

 
Review of the studies (12, 53, 54) also showed 
adherence to the Mediterranean diet because of 
the high content of fruits and vegetables, is in-
versely associated with insulin resistance. Moreo-
ver, this diet can provide protective effects on 
metabolic syndrome and its components and im-
proves insulin sensitivity and hepatic steatosis in 
patients with NAFLD (55). 
The third category of included studies in the 
review examined the association between dietary 
quality indices and NAFLD (25). To determine 
these indices, researchers assess the total intakes 
of all food groups and then compare them with 
standard recommended amounts. DED, HEI, 

MAR, and DDS could be appropriate indicators 
to assess the dietary quality in them. The ob-
served score of these indices among NAFLD 
patients, lower score of HEI, DDS and MAR and 
higher score of DED, are reasonable because the 
NAFLD patients consume lower fruits, vegeta-
bles, whole grains, fiber and antioxidants and 
higher carbohydrate, especially simple carbohy-
drate, refined grains, and unsuitable fat (17, 18, 
33, 56). 
The remarkable point in this regard is the impor-
tance of non-dietary factors, particularly genetic, 
in the pathogenesis of non-alcoholic fatty liver 
disease (55). Positive energy balance, involved in 
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the first hit of the disease, has different effects in 
different individuals. This issue is also supported 
by studies indicating different likelihood of 
NAFLD among different races (57). In fact, 
these non-dietary factors may be responsible for 
some of the inconsistent findings regarding the 
role of diet composition in the pathogenesis and 
development of NAFLD (12). 
 

Conclusion 
 

Different food group intakes and dietary patterns 
are associated with NAFLD and its risk factors 
such as obesity, glucose intolerance, type 2 di-
abetes mellitus and insulin resistance. However, 
the generalizability of these results is limited be-
cause the design of the most of reviewed studies 
was cross-sectional or case-control which cannot 
establish causal relations. Therefore, we suggest 
doing more prospective studies in future to clari-
fy these associations in a prospective view. 
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