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Abstract

Purpose Non-alcoholic fatty liver disease (NAFLD) is caused by the increase of fat in the liver. The present study aimed to
study the association between different dietary patterns and NAFLD in adults.

Methods This study included 121 adult patients with NAFLD and 119 non-NAFLD. Dietary intake was calculated by a
168-item food frequency questionnaire. Biochemical markers were measured. Dietary patterns were determined by factor
analysis. The association between dietary patterns and NAFLD was evaluated using multiple logistic regression analysis.
Results Two dietary patterns (healthy, western) were recognized in participants. Western dietary pattern was related with
72 percent increase in the odds of NAFLD (OR: 1.72; 95% CI: 1.32,2.14), after adjustment for covariates. Healthy dietary
pattern was associated with 38 percent lower odds of NAFLD (OR: 0.38; 95% CI: 0.11, 0.65). Adherence to the western diet
was related to 0.486 greater amounts of ALT, 3.248 mg/dl higher levels of FBS, and 3.989 mg/dl greater amounts of TG
and 2.354 mg/dl greater amounts of MDA after adjusting for confounding factors (p>0.001, p=0.042, p>0.001, p=0.036
respectively). The healthy dietary pattern score was negatively associated with FBS and Cholesterol and TG levels (p=0.035,
p=0.048, and p=0.025), respectively. Moreover, it was associated with 3.211 mg/dl higher levels of TAC (p =0.049).
Conclusions There is a significant relationship between dietary patterns and non-alcoholic fatty liver disease. Adherence to
a western dietary pattern is related to an increase in non-alcoholic fatty liver disease.
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Introduction

Fatty liver disease is one of the most common liver disorders
and is known to be the main reason of liver damage in devel-
oped countries [1]. The increasing prevalence of NAFLD has
led to a significant increase in health care and the economic
burden. The 10-year NAFLD forecast is projected to increase
to $1.005 trillion in the United States and €334 billion in
Europe [2]. NAFLD has been suggested as a major cause of
cirrhosis and liver carcinoma in recent years. NAFLD also
increases the risk of all-cause mortality and cardiovascular
disease [3]. Previous studies showed that 34% of people in
the United States who had this disease were within the ages
of 30-65 [4]. According to a previous study, the non-alco-
holic fatty liver disease (NAFLD) prevalence in the general
population of Iran is 10-35% [5]. Its prevalence increased by
age [6] and it was higher in men [7]. Many factors are con-
sidered to be involved in the pathology of this disorder like
genetic, metabolic, microbial, and environmental [1]. NAFLD
along with fat accumulation in hepatocytes and it usually
occurs in people with obesity and increased insulin resistance
[4].

Dietary composition is an environmental factor that may
influence the risk of developing NAFLD [8]. Overeating or
diets rich in high-glycemic carbohydrates, saturated fats of
fats, and cholesterol are associated with risk of NAFLD in
adults [9]. In NAFLD patients, high consumption of red meat,
fat and sweets was seen, while consumption of whole grains,
fruits and vegetables was low [10]. High consumption of red
meat and sugary drinks in the western diet causes oxidative
stress throughout the body and increases body fat, which can
lead to NAFLD [11]. Many biochemical processes such as oxi-
dative stress, mitochondrial dysfunction, and increased expres-
sion of pro-inflammatory markers are responsible for initiat-
ing NAFLD [12]. It is evident that higher fruit and vegetable
consumption is associated with increased total antioxidant
capacity(TAC) and glutathione peroxidase activity(GSH-PX)
[12]. Studies have shown that insufficient consumption of anti-
oxidants increase oxidative stress [13]. According to another
study, NAFLD patients reported lower intake of antioxidants,
including vitamin C, vitamin A, vitamin E and selenium, com-
pared to healthy individuals [14].

There are some articles about the association between
dietary intake and NAFLD, concentrating on the effects of
individual foods or nutrients rather than whole dietary pat-
terns [15, 16]. However, diets are made of a diverse range of
nutritional components, which may have independent as well
as synergistic properties that are beyond the effect of individ-
ual nutrients in isolation [17]. Therefore, we aimed to inves-
tigate the relationship between dietary patterns and NAFLD.
In addition, the association between some biochemical mark-
ers including white blood cells (WBC), Hemoglobin (HB),
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aspartate aminotransferase (AST), Serum alanine aminotrans-
ferase (ALT), creatinine (CR), fasting blood sugar (FBS), cho-
lesterol (CHOL), triglycerides (TG), serum total antioxidant
capacity (TAC) and Serum Malondialdehyde (MDA) with
NAFLD in adults was examined.

Methods
Subjects

This case—control study was conducted at Isfahan from
September 2019 to February 2020. This investigation
was permitted by the Ethics Committee of Isfahan Uni-
versity of Medical Sciences. (Ethics code: IR.MUILREC.
1398.279 and study project code: 398,293). Written
informed consent was obtained from all subjects prior to
participation and were entitled to withdraw from the study
at any time. The sample size for this study (n=240) was
powered to detect a statistically significant effect using an
alpha of 0.05 and a power of 90% as a significant result
measure (odds ratio (OR)) of 1.45 [18].

To begin with, 254 participants at the age of
18-50 years were involved in this study. They were all
from Isfahan provinces. We excluded all participants with
chronic liver disease, including 1 participant had cirrho-
sis, 8 participants who were positive for the hepatitis B
virus and 2 participants who were positive for the hepa-
titis C virus. The remaining participants (n=240), who
were included in the study, were divided into two separate
groups (121 cases and 119 controls). Individuals who were
diagnosed with NAFLD by a specialist physician based on
the liver sonography (presence of steatosis) were included
in the case group. The control group were selected ran-
domly from the general population during the same time
period and frequency-matched for sex to the case group.
People in the control group did not have fatty liver dis-
ease. The recruitment procedure for eligible participants
are represented in Fig. 1. These subjects were recruited
consecutively.

Inclusion criteria were the following items: A) Con-
firmation of fatty liver disease by abdominal ultrasonog-
raphy (cases only); B) willingness to participate in the
study; C) age of 18 to 50 years; D) absence of concomitant
liver injury at the time of recruitment (viral, autoimmune,
genetic or drug induced); E) not following a specific diet
from the time of diagnosis. Individuals with any of the
following criteria were excluded: A) subjects without
demographic or anthropometric data; B) individuals who
report daily calorie intake > 5000 or < 800 kilocalories C)
weight loss of more than 10% in the last three months [19]
D) Menopausal women.
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Approval of the study protocol by the ethics
committee of Isfahan University of Medical

Sciences

\ g

Study initiation in the gastroenterology clinic of Alzahra
hospital in Isfahan

Recruitment of 240 Iranians to study (18 to 50 years) according to the inclusion
and exclusion criteria

Abdominal ulrasound to confinm nonalcoholic fatty liver by a radiologist

e =

Provision of inform consent

Gender matched |

121 patients with fatty liver disease
(71 males and 50 females)

119 patients without fatty liver
disease (69 males and 50 females)

Anthropometnic measurements, Socio-economic Questionnaire,
Physical activity, Demographic status, dietary intake (by FFQ) and
blood test

Fig. 1 Chart for selection and registration of study subjects (cases and controls). NAFLD: Nonalcoholic fatty liver disease; FFQ: Food Fre-

quency Questionnaire

Dietary assessment

Dietary intake of all participants were evaluated by a val-
idated semi-quantitative food frequency questionnaires,
which included 168 food items [20]. The participants
reported the frequency of consuming each food item on
a daily, weekly, monthly or yearly basis. Questions were
asked via face-to-face interviews and recorded by a trained
nutritionist. To assess the energy and nutrient intakes, the
household measures and the USDA food composition data-
base which modified for Iranian foods [21, 22], were used
to convert the consumed food portion sizes to grams. The
calculations were also performed by a modified version of
NUTRITIONIST IV software for Iranian foods [23] (ver-
sion 7.0; N-Squared Computing, Salem, OR, USA).

Other assessments

In this study, socioeconomic status and demographic charac-
teristics were taken using a questionnaire. Information like
age, sex, occupation, education, marital status, and current
smoking status were assembled.

Weight was measured with light clothing and without
shoes, by using a digital weighing scale (Seca725 GmbH
& Co. Hamburg, Germany) to the nearest 100 g and the
height was measured while standing and keeping the shoul-
ders and hips against the wall without shoes, using a sta-
diometer (Seca, Germany) with an accuracy of 0.1 cm.
Body mass index (BMI) was calculated as weight divided
by height squared (expressed as kg/m2). The waist and hip
circumference were measured with measuring tape, with an
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approximate of 0.5 cm from under the rib cage and above
the iliac crest.

Physical activity was computed using the validated Inter-
national Physical Activity Questionnaires (IPAQ) question-
naire [24]. Participants were requested to state their daily
activities like jogging, sports, and hours dedicated to watch-
ing TV, reading, or eating. Total activity was stated for 24 h
and metabolic equivalents (MET) were computed.

Biochemical assessment

All biochemical valuations were done at the hospital labora-
tory by standard laboratory processes. Blood samples were
assembled in the morning after 12 h overnight fast. Totally,
11 mL of blood was taken from all participants. Two-mL
venous blood samples were used to measure the white blood
cells (WBC) and Hemoglobin (Hb) by Sysmex® Hematol-
ogy instrument. Remainder samples were immediately cen-
trifuged at 3000 rpm for 10 min to separate serum and kept
at—80C. Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), triglycerides (TG), total cholesterol
(TC), creatinine (CR), and fasting blood sugar (FBS) were
determined by a photometric method using commercially
available kits. Serum Malondialdehyde (MDA) level was
determined by colorimetric assay using thiobarbituric acid
reagent. MDA reacts with thiobarbituric acid in an acidic
environment to form a pink compound which is read at
532 nm [25]. Moreover, the serum total antioxidant capacity
(TAC) was determined by measuring the ability of the serum
to recover ferric ions. In this method, the antioxidants in the
serum ferric ion are converted to ferrous ions at low PH,
which in combination with tripyridyltriazine, create a color
complex the intensity of which was measured at 593 nm in
this study [26].

Statistical analysis

Factor analysis was used to determine the food patterns.
In this analysis, the Varimax rotation method was used to
create a simple and differentiating matrix. Factor loading
values greater than 0.3 were considered to determine the
items of each food pattern [27]. Diet patterns were named
based on the food characteristics of each pattern. Dietary
patterns were divided into quartiles, that quartile 1 show low
adherence and quartile 4 show high adherence to the dietary
pattern. The statistical package SPSS for windows 22 (SPSS
Inc., Chicago, IL) was applied for the analysis. Chi-square
test was used to compare the frequency of qualitative vari-
ables between the study groups and the independent t-test
used to compare the mean of quantitative variables between
the study groups. Values are expressed as mean + SD for
quantitative variables, and frequency (%) for qualitative vari-
ables. Relationship between each dietary pattern and fatty
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liver was examined with logistic regression models. Lin-
ear regression models used to detect relations between the
dietary patterns’ z-scores and NAFLD-related biochemical
markers. The significance level was determined at p < 0.05.

Results

Table 1 Anthropometric and biochemical markers among
case (non — alcoholic fatty liver patients) and control groups
are demonstrated in Table 1. In case group, the mean +SD of
participants’ age was 38.04(6.7) year for men and 35.6(10.2)
year for women. Moreover, 50(41.3%) of case were women,
and BMI was 28.6 (4.03279) for men and 23.28 (4.14167)
for women. The results of the independent t- test showed
that the case group were older (p=0.037), had a higher body
weight (p <0.001), higher waist circumference (p <0.001),
higher hip circumference (p <0.001), higher BMI (p <0.001)
and lower physical activity levels (p=0.047) than the control
group. Moreover, NAFLD patients had higher levels of AST
(p<0.001), ALT(p<0.001), FBS(» <0.001), TG (p<0.001)
and CHOL (< 0.001) compared to controls. Demographic
factors were largely the same except for job (p <0.001) and
education (p =0.002). The level of education was higher
in healthy group (Master and PHD) while in the fatty liver
group, the percentage of people with a diploma was higher.
The number and percentage frequency in healthy subjects in
terms of Master and PhD group were 36(30.3%) while in the
patient group were 19(15.7%). In patients' group, employee
36(29.7%) and in the control group, students 35(29.4%)
made up high percentage of participants.

Factor analysis showed two dietary patterns (healthy,
western), and the main factor loadings of each pattern for
participants are shown in Table2. These two dietary pat-
terns explained 24.85% of the total variance of food intake.
The healthy dietary pattern contains pumpkin, celery,
melon, watermelon, pear, apple, orange, persimmon, tange-
rine, pomegranate, peach, grape, sweet lemon, black pep-
per, greengage, nectarine, kiwi, fish, nuts, lettuce, spinach,
beans, dough, tea, low fat dairy, coffee, and refined grains.
The western dietary pattern contains sausage, tongue, brain,
Kalla Pacha, pizza, lamb, hamburger, and lunch meat.

Mean scores for all dietary patterns in the case and con-
trol groups are shown in Fig. 2. Control group had a higher
compliance for healthy dietary pattern (p > 0.05).

The relationship between the dietary patterns and
the odds of NAFLD is shown in Table 3. Those in the
fourth quartile of western dietary pattern had a 72 percent
increase in the odds of NAFLD (OR: 1.72; 95% CI; 1.32,
2.14), after adjustment for covariates in model 3. Further-
more, in the highest quartile of healthy dietary pattern we
observed a 38 percent reduction in odds of NAFLD (OR:
0.38; 95% CI: 0.11-0.65).



Journal of Diabetes & Metabolic Disorders (2022) 21:657-667 661
Table 1 Characteristics of Baseline characteristics Case (N=121) Control (N=119) *P_value
NAFLD cases and controls
Gender 0.91
Men 71(58.7%) 69(58%)
Women 50(41.3%) 50(42%)
Smoking 0.15
Yes 12(9.9%) 6(5%)
No 109(90.1%) 113(95%)
Alcohol 0.71
Yes 4 (3.3%) 3(2.5%)
No 117(96.7%) 116(97.5%)
Education 0.002
School education 20(16.5%) 15(12.6%)
Diploma 43(35.5%) 27(22.7%)
Bachelor 39(32.2%) 41(34.5%)
Master and PhD 19(15.7%) 36(30.3%)
Job <0.001
Employ 36(29.7%) 17(14.3%)
Private 6(5%) 10(8.4%)
Student 2(1.7%) 35(29.4%)
Housewife 36(29.85) 21(17.6%)
self-employ 32(26.4%) 22(18.5%)
Unemployed 9(7.4%) 14(11.8%)
SES 0.114
Poor 10 (8.3) 10 (8.4)
Middle 78 (64.5) 90 (75.6)
Excellent 33(27.3) 19 (16.0)
Supplement 0.561
NO 97(81.5%) 95(78.5%)
Yes 22(18.5%) 26(21.5%)
Age (year) 38.04(6.7) 35.6(10.2) 0.037
Height(cm) 170.5(11.1) 168.06(9.4) 0.062
Weight(cm) 82.9(11.4) 65.7(12.4) <0.001
Waist circumference(cm) 102.5(10.7) 81.7(10.3) <0.001
Hip circumference(cm) 102.2(10.5) 91.9(10.5) <0.001
BMI(kg/m?) 28.6045(4.03279) 23.2884(4.14167) <0.001
Physical activity (Mets X hours/week) 9.90(3.51) 10.62(5.9) 0.047
Energy Intake (kcal/d) 3220 (31.9) 2126 (40.2) <0.001
WBC (cells/uL) 3185.8+186.39 3173.86+175.86 0.55
HB (g/dl) 14.22+1.64 13.99+1.34 0.12
AST (IU/L) 33.3+10.35 21.35+7.84 <0.001
ALT (IU/L) 44.5+13.64 22.1+6.68 <0.001
CR (mg/dL) 1.10+0.22 1.10+0.19 0.65
FBS (mg/dL) 114.23+20.25 97.83+12.61 <0.001
CHOL (mg/dL) 197.1+44.9 172.05+26.47 <0.001
TG (mg/dL) 160.32+31.96 118.85+28.18 <0.001
TAC (nmol/mg) 13.88 (9.54) 17.70 (8.56) <0.001
MDA (nmol/mg) 2.64 (1.00) 1.33 (0.58) <0.001

Due to the normality of the data and the homogeneity of the variance, the independent t-test was used
to compare the variables in two groups. * Chi-square test was used to compare the qualitative variables
in study groups. Values of P<0.05 indicate the significance of the test. Note: Values are expressed as
mean =+ SD for quantitative variables, and frequency (%) for qualitative variables. SES; Socioeconomic Sta-
tus, MET; metabolic equivalent of task, WBC; white blood cell, HB; hemoglobin FBS; fasting blood sugar
AST; Aspartate transaminase; ALT: Alanine transaminase; TG: Triglycerides; CHOL; cholesterol CR; cre-

atinine; TAC: Total antioxidant capacity; MDA: Malondialdehyde
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Table 2 Rotated factor loading matrix for the two dietary patterns
identified from the food frequency questionnaires

Food groups The first pattern The
(healthy pattern) second

pattern
(western
pattern)

Fish 0.59

Fruit 0.47

Vegetables 0.68

Nuts 0.53

Lettuce and spinach 0.56

Beans 0.47

Dough 0.52

Tea 0.56

Low fat dairy 0.35

Coffee 0.68

Refined grains -0.12 0.75

Butter 0.52

mayonnaise sauce 0.92

Soft drinks 0.49

Meat products 0.33

Snack 0.55

Liquid oil 0.39

Red Meat 0.27

Sweets and desserts 0.49

Total explained variance (%) 10.93 13.92

Absolute factor loading values <0.30 for both patterns were excluded
for simplicity. These two dietary patterns explained 24.85% of the
total variance in food intake

Model 2: adjusted for age, energy intake, weight, hip
circumference and BMI. Model 3: adjusted for age, energy
intake, weight, hip circumference, education, BMI and
PAL.

Table 4 shows a 1-unit rise in the “western diet” score
was related to 0.486 greater amounts of ALT, 3.248 mg/
dl higher levels of FBS, and 3.989 mg/dl greater amounts
of TG and 2.354 mg/dl greater amounts of MDA after
adjusting for confounding factors (beta=0.486 p > 0.001,
beta=3.248 p=0.042, beta=3.989 p> 0.001, beta=2.354
p=0.036), respectively. The healthy dietary pattern score
was negatively associated with FBS and Cholesterol and
TG levels (beta=-0.051, p=0.035 and beta=-0.075,
p=0.048, and beta=-4.835, p=0.025), respectively.
Moreover, it was associated with 3.211 mg/dl higher lev-
els of TAC (beta=3.211, p=0.049).

Discussion

According to the present study, subjects with a greater
adherence to a western dietary pattern were more likely to
have NAFLD while participants who had a greater adher-
ence to healthy dietary patterns were less likely to develop
NAFLD.

The Western dietary pattern contains higher intakes of red
and processed meats, refined grain products and sweets [28].
The western dietary pattern identified in this study was high
in refined grains, sweets and desserts, mayonnaise sauce, and
snacks (high sodium and high fat).

The results of our study are similar in many aspects to
other previous studies. For instance, Oddy. et al., showed
that western dietary pattern is associated with NAFLD. That
characterized by a high intake of take away foods, confec-
tionary, red meat, refined grains, processed meats, chips,
sauces, full-fat dairy products, and soft drinks [29]. Shim
et al. reported that the odds of developing NAFLD was defi-
nitely related to the intake of red and processed meats [30].
In another study among Korean adults, a healthy dietary pat-
tern including fruits, eggs, dairy products, root vegetables,

Fig.2 Comparison of dominant 40

nutritional patterns in case and

control group 35 A

15.65

5.92

36.18

healthy pattern

western pattern

0.25

fatty liver
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Table 3 Association between two dietary patterns and risk of non-

alcoholic fatty liver disease (N =240)

Model 1* Model 2* Model 3*
Odds ratio (95% Odds ratio (95% Odds ratio (95%
confidence confidence confidence
interval) interval) interval)
Healthy dietary pattern
Ql 1.00 1.00 1.00
Q2 0.75(0.38- 0.69 (0.52-0.82) 0.62 (0.37—0.84)
0.1.07)
Q3 0.41(0.26- 0.55) 0.45 (0.25-0.64) 0.49 (0.31-0.68)
Q4 0.54(0.39-0.64) 0.42(0.17,0.50) 0.38 (0.11-0.65)
Ptrend® 0.994 0.16 0.045
Western dietary pattern
Q1 1.00 1.00 1.00
Q2 1.35(0.45-1.62) 0.61 (0.36,0.85) 1.18 (0.54, 1.82)
Q3 1.06 (0.48-1.79) 1.01 (0.84,1.19) 1.36 (0.75, 1.98)
Q4 1.87 (0.64-3.11) 1.52(1.36,1.68) 1.72(1.32,2.14)
Ptrend® 0.085 0.056 0.015

e Model 1™: crude

e Model 2": adjusted for age, energy intake, weight, hip circumfer-
ence, education and BMI

e Model 3": adjusted for age, energy intake, weight, hip circumfer-
ence, education, BMI and PAL

e P trend® Test for trend through quartiles from logistic regression
model

and yellow vegetables, and nuts was associated with a
reduced risk of NAFLD while an unhealthy food patterns
includes meat, sausages, and processed foods was related
to an increased chance of developing NAFLD [31]. In the
present study, the relationship between dietary patterns rich
in red meat, mayonnaise sauce, and snack with NAFLD risk
can be attributed to the presence of saturated and trans fatty
acids in these foods.

Consumption of red meat has always been known as
one of the causes of chronic diseases such as diabetes and
cardiovascular diseases [32], non-alcoholic fatty liver and
increasing insulin resistance [33, 34]. Red meat contains a
significant amount of saturated and trans fatty acids [35].
In addition, unhealthy cooking method, such as grilling,
increases heterocyclic amines which can increase insulin
resistance [33]. As previously mentioned, insulin resistance
is one of the predisposing factors for NAFLD [36].

A new study has shown that saturated fatty acids have
harmful outcomes on lipid and glucose homeostasis,
leading to the development of the metabolic syndrome
and NAFLD [37]. Furthermore, in patients' group, the
consumption of snacks containing saturated fat, salt and
refined sugar was high. Jia et al. showed an association
between the regional snack pattern and NAFLD. These
snacks contain high carbohydrates and high glycemic load

[17]. The higher consumption of saturated fat and trans
fatty acids may also increase levels of lipid peroxidation
and lower plasma antioxidant levels [38—40]. Additionally,
former studies have shown that fast food consumption, obe-
sity, and insulin resistance are the major risk factors for
NAFLD [41, 42]. On the other hand, a study in Jordan
showed that fast food consumption was not significantly
associated with increased levels of liver enzymes ALT and
AST and But it can increase calorie intake and cause obe-
sity and metabolic syndrome. [43].

We also observed the association between healthy
dietary pattern and reduced risk of NAFLD. A healthy
diet usually includes plant-based foods, fresh fruits and
vegetables, antioxidants, soy, nuts, sources of omega-3
fatty acids, unsaturated fats and also low amount of trans
fats, animal-derived proteins, and added sugars [44]. The
healthy dietary pattern identified in this study was related
to high consumption of coffee, vegetables, fish, lettuce and
spinach and tea. In the study of Fakhoury-Sayegh et al. a
traditional Lebanese diet, including legumes, peas, corn,
peas, and vegetables such as caulifiower, peppers, and
lettuce, was inversely related to NAFLD [45]. Adriano
et al. showed that a vegetable and dairy pattern is inversely
related to non-alcoholic fatty liver disease. In that study,
the healthy eating pattern included: vegetables, whole
grains, legume and nuts, and dairy products [46]. Addi-
tionally, a traditional Chinese diet (nuts, fruit, egg, fish,
shrimp, milk, and tea) revealed no relationship with the
risk of NAFLD. However, animal food dietary pattern was
positively associated the risk of NAFLD [47]. In a healthy
dietary pattern, eating enough vegetables and fruits is
likely to provide many antioxidant vitamins (e.g. vitamin
A, C, E). These vitamins play a protective role against oxi-
dative stress and inflammation caused by fibrosis and fatty
liver [48]. Dietary fiber intake is also inversely related
to insulin resistance, which is a risk factor for NAFLD
[49]. In addition, foods with a low glycemic index, such
as fruits, vegetables, legumes have a beneficial effect on
blood sugar control and metabolic syndrome [50]. In our
study, healthy people ate more fruits and vegetables. On
the other hand, Xia exhibits the consumption of oranges
is positively associated with the prevalence of NAFLD
[51]. But Tajima Claimed the Japanese do not need to limit
fruit consumption to limit the consumption of fructose as
a means of preventing NAFLD [52].

In the present study, the intake of nuts was associated
with a reduced risk of NAFLD. In our study, the term "nuts"
included walnuts, pistachios, almonds, hazelnuts, and pea-
nuts. In fact, these foods are rich in fiber, monounsaturated
and polyunsaturated fatty acids (MUFAs and PUFAs), anti-
oxidants and phenolic compounds [53]. The association
between nuts consumption and reduced risk of nonalcoholic
fatty liver disease has been shown in other studies [54-56].
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Table 4 Association of z-scores
of dietary patterns with

Healthy pattern

Western pattern

NAFLD-related biomarkers; Beta SE P Beta SE
results of multivariate linear
regressions WBC Model 1 0.675 0.054 0.963 0.968 0.039 0.856
Model 2 0.571 0.041 0.961 0.785 0.019 0.745
Model 3 0.223 0.071 0.892 0.746 0.084 0.881
HB Model 1 0.254 0.351 0.417 0.605 0.125 0.521
Model 2 0.368 0.288 0.635 0.504 0.198 0.735
Model 3 0.497 0.340 0.482 0.565 0.335 0.956
AST Model 1 -0.403 0.067 0.096 1.325 0.745 0.372
Model 2 -0.308 0.049 0.085 1.028 0.682 0.245
Model 3 -0.111 0.026 0.088 1.098 0.566 0.115
ALT Model 1 -0.356 0.802 0.159 0.415 0.036 0.068
Model 2 -0.223 0.719 0.194 0.357 0.032 0.058
Model 3 -0.048 0.746 0.231 0.486 0.097 <0.001
CR Model 1 -0.671 0.073 0.938 0.799 0.399 0.284
Model 2 -0.543 0.085 0.936 0.756 0.319 0.111
Model 3 -0.445 0.097 0.927 0.727 0.215 0.126
FBS Model 1 -0.096 0.139 0.045 1.771 1.673 0.094
Model 2 -0.062 0.021 0.059 1.585 1.269 0.089
Model 3 -0.051 0.085 0.035 3.248 2.575 0.042
CHOL Model 1 -0.099 0.074 0.124 0.449 0.675 0.219
Model 2 -0.078 0.065 0.098 0.405 0.466 0.191
Model 3 -0.075 0.089 0.048 0.415 0.501 0.122
TG Model 1 -3.985 4.322 0.360 4.931 3.563 0.245
Model 2 -3.564 3.365 0.126 4.585 2.592 0.098
Model 3 -4.835 3.484 0.025 3.989 2.162 <0.001
TAC Model 1 1.665 3.959 0.238 -4.895 1.365 0.334
Model 2 2.259 2.766 0.192 -3.644 1.572 0.289
Model 3 3.211 3.686 0.049 -4.018 2.261 0.173
MDA Model 1 -5.545 5.352 0.245 3.922 1.095 0.055
Model 2 -5.342 4.345 0.143 2.354 1.112 0.036
Model 3 -4.233 4.762 0.169 3.352 2.368 0.995

e Model 1: Crude

e Model 2: adjusted for age, energy intake, weight, hip circumference, education, BMI and presence of

NAFLD

e Model 3: adjusted for age, energy intake, weight, hip circumference, education, BMI and presence of
NAFLD, PAL, and the other 3 dietary patterns

e SE: Standard error; p: multivariate binary logistic regression p-value. WBC; white blood cell, HB; hemo-

globin FBS; fasting blood sugar AST; Aspartate transaminase; ALT: Alanine transaminase; TG: Triglycer-
ides; CHOL; cholesterol CR; creatinine; TAC: Total antioxidant capacity; MDA: Malondialdehyde

But other studies have found no link between the nut con-
sumption and liver fat [57, 58].

Other foods with high loading in the healthy diet in
our study were coffee and tea. Both of them contain large
amounts of antioxidants such as hydrocinnamic acid and
polyphenols [59], epicatechin [60] and chlorogenic acid
[61]. A systematic review study by Shen et al. Showed
that regular coffee consumption can reduce liver fibro-
sis in patients with NAFLD [62]. Another meta-analyses
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by Hayat et al. demonstrated coffee intake can reduce
risk of NAFLD [63]. High concentrations of antioxidants
in coffee have been shown to play an important role in
modulating glucose intolerance, reducing fibrosis in liver
cells, and improving fatty liver disease in animal models
[64]. On the other hand, some studies have shown that
there is no significant difference in coffee consumption
between patients without liver fibrosis and with liver
fibrosis [65, 66].
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We also examined the relationship of the two dietary pat-
terns and NAFLD-related biomarkers. Higher adherence to a
western dietary pattern was independently related to elevated
ALT, FBS and cholesterol levels, while a higher adherence
to a healthy dietary pattern was independently related with
lowered FBS, cholesterol and TG amounts. Patients with
NAFLD are often recognized by the asymptomatic rise
of liver enzymes, most frequently of serum alanine ami-
notransferase (ALT), which has been used as a marker for
NAFLD [67]. Elevated blood TG are one of the major cause
of NAFLD [68]. The western dietary pattern is full of SFA
and sugar, which have been associated with more inflamma-
tion and increased risk of NAFLD [29]. Sugar-sweetened
drinks are high in fructose and fast-food meals are low in
fiber and high in animal protein, which may explain the
increased risk of obesity, insulin resistance, and elevated
fasting blood sugar [69]. In contrast, a healthy dietary pat-
tern has a beneficial impact on TG levels, potentially due to
its anti-inflammatory components [70].

This study has some strengths. First, we used a 168-Items
FFQ modified for the Iranian population in a face-to-face
interview, which resulted in a better demonstration of the
participants’ dietary intake. Second, we measured the anti-
oxidant indicators such as TAC and MDA concerned with
NAFLD.

Our study also had some limitations. First, due to the
nature of the case—control design of the study, we cannot
infer that dietary pattern are causal or defending for the dis-
ease. Second, the food frequency questionnaire is still con-
sidered the most appropriate tool for collecting food data in
extensive epidemiological studies. However, some errors are
inevitable. Third, in all observational studies, memory-based
(or recall bias) data might cause measurement errors.

In conclusion, the current study showed that a greater
adherence to a western dietary pattern significantly increases
the odds of NAFLD, ALT, FBS, and TG levels. Moreover,
adherence to a healthy dietary pattern may have a protective
role against NAFLD. Nevertheless, high quality clinical tri-
als and longitudinal studies are required to confirm these
preliminary outcomes.
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