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Abstract
Background  The combined role of important environmental factors as a single lifestyle index in predicting non-
alcoholic fatty liver disease (NAFLD) risk is not fully assessed. Therefore, we aimed to investigate the association of 
healthy lifestyle factor score (HLS) with the odds of NAFLD in Iranian adults.

Methods  This case-control study was conducted on 675 participants, aged ≥ 20–60 years, including 225 new NAFLD 
cases and 450 controls. We measured dietary intake information using a validated food frequency questionnaire and 
determined diet quality based on the alternate healthy eating index-2010(AHEI-2010). The score of HLS was calculated 
based on four lifestyle factors, including a healthy diet, normal body weight, non-smoking, and high physical activity. 
An ultrasound scan of the liver was used to detect NAFLD in participants of the case group. Logistic regression models 
were used to determine the odds ratios(ORs) and 95% confidence interval(CI) of NAFLD across tertiles of HLS and 
AHEI.

Results  Mean ± SD age of the participants were 38.13 ± 8.85 years. The Mean ± SD HLS in the case and control groups 
was 1.55 ± 0.67 and 2.53 ± 0.87, respectively. Also, the Mean ± SD AHEI in the case and control groups was 48.8 ± 7.7 
and 54.1 ± 8.1, respectively. Based on the age and sex-adjusted model, the odds of NAFLD were decreased across 
tertiles of AHEI (OR:0.18;95%CI:0.16–0.29,Ptrend<0.001) and HLS(OR:0.03;95%CI:0.01–0.05,Ptrend<0.001). Also, in the 
multivariable model, the odds of NAFLD were decreased across tertiles AHEI (OR:0.12;95%CI:0.06–0.24,Ptrend<0.001) 
and HLS(OR:0.02;95%CI:0.01–0.04,Ptrend<0.001).

Conclusions  Our findings reported that higher adherence to lifestyle with a higher score of HLS was associated with 
decreased odds of NAFLD. Also, a diet with a high AHEI score can reduce the risk of NAFLD in the adult population.

Keywords  Dietary pattern; lifestyle, Healthy lifestyle score, Alternate healthy eating index, Non-alcoholic fatty liver 
disease; adults
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Background
During the past four decades, non-alcoholic fatty liver 
disease (NAFLD) has been the main cause of the chronic 
fatty liver disease [1], with a strong association with 
parameters related to metabolic syndrome [2]. Approxi-
mately 25% of the global adult population suffers from 
NAFLD [1]. Mortality related to liver disorders is grow-
ing fast worldwide due to the high prevalence of NAFLD 
[3], and it is considered a critical reason for end-stage 
liver disease [4]. Multiple factors affect the NAFLD prev-
alence, such as diagnostic methods and the population in 
which the study was carried out. Middle East (20–30%) 
and South America (30%) are on top of the list of NAFLD 
prevalence [1]. According to a systematic review, the 
prevalence of NAFLD is estimated at 34% in Iran [5].

Along with genetic predisposition, various environ-
mental factors, including elevated body weight [6], physi-
cal inactivity [7], and smoking [8], are suggested as major 
risk factors for liver damage which play a key role in the 
occurrence and development of NAFLD. Also, based on 
the finding of epidemiological studies, higher adherence 
to a healthy diet rich in whole grains, fruits, vegetables, 
nuts, and legumes can play a preventive role in reduc-
ing the risk of NAFLD; however, an unhealthy diet such 
as the western style diet, which is characterized by high 
intake of saturated fat, sodium, and sugar, can acceler-
ate the risk of NAFLD [9]. Different indices have been 
developed to measure the quality of the diet, one of the 
most famous of which is the Healthy Eating Index (HEI), 
which was created based on dietary recommendations 
for the American population. In 2000, McCullough et 
al. introduced an alternative version of this index called 
the Alternative Healthy Eating Index (AHEI) [10]. Previ-
ous studies have shown that the ability of AHEI to predict 
major chronic diseases such as cardiometabolic diseases 
is significantly higher than HEI [11]. The AHEI score 
ranges from 0 (no adherence) to 110 (high adherence) 
have been shown a diet with a higher AHEI score can 
predict a reduction in the risk of chronic diseases, such as 
liver diseases [12]. Therefore, investigating the relation-
ship between this modified and new version of HEI with 
the NAFLD risk in the Middle East and North Africa 
region, such as Iranian population, can help to confirm 
the evidence reported on the possible role of AHEI in 
reducing the risk of NAFLD.

Considering the independent possible role of each of 
the above-mentioned environmental factors in predict-
ing the risk of liver disease, investigating the combined 
role of these factors can be more helpful in predicting 
the risk of NAFLD. Indeed, although in previous studies 
[13–15], various factors affect whether or not to develop 
a pathological condition such as NAFLD, examining each 
of these factors in isolation cannot show the real effect 
of that factor. As a result, it seems that a lifestyle index 

by combining a number of these factors, taking into 
account the interactions between them, shows the simul-
taneous effect of different factors on the disease in ques-
tion, which is closer to reality. Recently the combined 
role of healthy lifestyle score (HLS), defined by a healthy 
diet (assessed by AHEI), not smoking, no obesity, and 
vigorous physical activity, as a single variable, in reduc-
ing the risk of chronic diseases such as coronary disease 
[16], type 2 diabetes [17], metabolic syndrome [18], and 
mortality [19]. Also, some studies recently conducted in 
Western countries [20, 21] or Chinese [22, 23] reported 
that higher adherence to lifestyle with a high score of 
HLS can be associated with reduced risk of NAFLD 
or liver dysfunction. However, there is no study on the 
relationship between HLS and the risk of NAFLD in the 
MENA region, such as the Iranian population.

Considering that the prevalence of NAFLD is relatively 
high among Iranian adults [5]. Also, to the best of our 
knowledge, there is no study investigating the possible 
link between the HLS score and the risk of NAFLD in 
Iranian adults, which may have a different lifestyle and 
eating habits compared to Western countries, therefore, 
we aimed to assess the association of the higher score of 
healthy lifestyle factors on prediction of NAFLD risk.

Methods
Study population
The present study was conducted at the Metabolic Liver 
Disease Research Center, a referral center affiliated with 
Isfahan University of Medical Sciences. Among the 
patients referred to have an Ultrasonography test on their 
liver and bile ducts because of an abnormal or slight ele-
vation in liver enzymes, dyslipidemia, or being at risk of 
metabolic syndrome or metabolic syndrome, etc. NAFLD 
status (yes or no) of patients was ascertained using the 
results of the Ultrasonography test and endocrinologist 
visit. Then using a convenience sampling method for 
selecting cases and controls, we invited NAFLD patients 
as cases and non-NAFLD as controls to participate in our 
study if they were willing. The study details were previ-
ously reported in our published paper [24]. We entered 
the 225 newly diagnosed NAFLD patients and 450 con-
trols into our study based on the following inclusion cri-
teria: participants aged 20–60 years who had no special 
diet (due to a particular disease or weight loss), no his-
tory of renal and hepatic diseases (Wilson’s disease, auto-
immune liver disease, hemochromatosis, virus infection, 
and alcoholic fatty liver), CVD, diabetes, malignancy, 
thyroid disorder, and autoimmune, and not used the 
potentially hepatotoxic or steatogenic drugs. Our crite-
ria for excluding participants were completing less than 
35 items of the food frequency questionnaire and hav-
ing under or over-reported daily energy intake (≤ 800 or 
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≥ 4500  kcal/d). All subjects provided written informed 
consent before the study enrollment.

Measurements
Dietary assessment
Dietary assessment in the present case-control study was 
conducted by a validated 168-item semi-quantitative food 
frequency questionnaire (FFQ) [25]. The FFQ consists of 
a list of typical Iranian foods with standard serving sizes. 
The consumption frequencies of each food item were put 
into nine categories. Participants were asked to report 
their average dietary intake during the previous year by 
choosing one of the following choices: never or less than 
once a month, 3–4 times per month, once a week, 2–4 
times per week, 5–6 times per week, once daily, 2–3 
times per day, 4–5 times per day, and 6 or more times a 
day. Portion sizes of each food item were converted into 
grams using standard Iranian household measures [26]. 
The daily dietary intake of energy and different nutrients 
for each participant was calculated based on the reported 
amounts of energy and nutrients in the United States 
Department of Agriculture’s (USDA) Food Composition 
Table (FCT) [27]. The Iranian FCT was used for some 
traditional foods that are not listed in USDA FCT.

Anthropometric assessment
A trained dietician measured the participant’s weight 
using a standard digital Seca scale (made in Germany) 
while participants wore minimum clothes and without 
shoes and recorded to the nearest 100  g. Height also 
was measured using a mounted tape meter in a standing 
relaxed shoulder position with no shoes to the nearest 
0.5 cm. Body mass index (BMI) was calculated as weight 
(kg) divided by height (m2).

Physical activity assessment
The physical activity data of participants was measured 
using the International Physical Activity Questionnaire 
(IPAQ) through face-to-face interviews [28]. All data of 
the IPAQ were reported as Metabolic Equivalents per 
week (METs/week) [29, 30].

Assessment of other variables
Using a pre-designed demographic questionnaire, infor-
mation on age, sex, marital status, smoking status, and 
other variables was obtained. A socioeconomic status 
(SES) [31] score was calculated based on five dichoto-
mous variables with score points of 0 and 1, including 
education (academic = 1, non-academic education = 0), 
family size (≤ 4 people = 1, >4 people = 0), income 
(high = 1, moderate and low = 0), house acquisition (house 
ownership = 1, without personal housing = 0), and foreign 
travel (yes = 1, no = 0). Then, the total SES score was com-
puted by summing up the assigned scores (minimum SES 

score of 0 to maximum score of 5). Where an SES score 
of 3, 4, and 5 equated to high, 2 was scored as moderate, 
and 1 or 0 was scored as low [31].

Alternate healthy eating index
The AHEI was developed based on the consumption of 6 
food groups as serving sizes (including vegetables, fruits, 
whole grains, sugar-sweetened beverages and fruit juice, 
nuts and legumes, and red/processed meat), 4 nutrients 
(including trans fatty acid, Long-chain (n-3) fats, polyun-
saturated fatty acid, and sodium), and alcohol consump-
tion[32]. Regarding the religious prohibition of alcohol 
consumption in Islamic culture, our population mostly 
had no consumption of alcoholic beverages, or because 
of religious taboos, they refused to report it; so we have 
no data on alcohol consumption and calculated the AHEI 
using 10 mentioned components. All AHEI-2010 compo-
nents were scored from 0 (worst) to 10 (best) using the 
defined criteria in the developed study of AHEI-2010 
[32], and the total AHEI-2010 score ranged from 0 (non-
adherence) to 100 (perfect adherence) in our study.

Healthy lifestyle score
A healthy lifestyle score was computed according to 
the Patel et al. study [19], which used the four dichoto-
mous components with a point of 0 and 1, including BMI 
(BMI < 25 kg/m2 = 1, BMI ≥ 25 kg/m2 = 0), smoking status 
(non-smoker = 1, smokers = 0), physical activity (higher 
than median = 1, lower than median = 0), and AHEI score 
(quintiles of 4 and 5 = 1, quintiles 1, 2, 3 = 0). The points 
earned for each component were summed and formed 
the total healthy lifestyle score for each participant. The 
subject could have a minimum of 0 and a maximum of 
4 healthy lifestyle points. Based on the distribution fre-
quency of healthy lifestyle points in our participants, 
points 0 and 1, points 2, and points 3 and 4, we classified 
them as tertiles 1, 2, and 3, respectively.

Statistical analysis
Kolmogorov-Smirnov’s test and histogram char was used 
to assess the variables’ normality. Participants’ character-
istics and dietary intakes were expressed as mean ± stan-
dard deviation (SD) or median (25–75 interquartile 
range) for continuous variables and percentages for cat-
egorical variables. The differences in variables between 
NAFLD and non-NAFLD groups were compared using 
an independent sample t-test and chi-square for quanti-
tative and qualitative variables, respectively. Study pop-
ulations were classified into tertiles based on AHEI and 
healthy lifestyle scores. The demographic and dietary 
data were presented based on the tertiles of the AHEI 
index, and P for the trend of continuous and categori-
cal variables across tertiles of the AHEI index was com-
puted using linear regression (median values of AHEI 
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index in each tertile as the independent variable and con-
tinuous variables as dependent variable) and chi-square 
test. The association of the AHEI index and healthy life-
style score with the odds of NAFLD was assessed using 
logistic regression analysis. The analysis was adjusted for 
potential confounders, including age and sex, BMI (only 
for AHEI), smoking (only for AHEI), physical activity 
(only for AHEI), marital status, SES, and dietary intake 
of energy. The odds ratio (OR) with a 95% confidence 
interval (CI) of NAFLD across tertiles of the AHEI index 
and healthy lifestyle score was reported. Statistical anal-
ysis was conducted using Statistical Package Software 
for Social Science, version 21 (SPSS Inc., Chicago, IL, 
USA), and p-values < 0.05 were considered statistically 
significant.

Results
The mean ± SD age and BMI of the participants were 
38.13 ± 8.85 years and 26.8 ± 4.3  kg/m2. The Mean ± SD 
HLS in the case and control groups was 1.55 ± 0.67 and 
2.53 ± 0.87, respectively. Also, the Mean ± SD AHEI in 
the case and control groups was 48.8 ± 7.7 and 54.1 ± 8.1, 
respectively.

Table 1 shows study population characteristics among 
NAFLD patients and healthy participants. Compared to 
the control group, NAFLD patients are more likely to be 
smoked, low active, more married, and have higher BMI 
levels and high SES (P < 0.05). Also, the intakes of energy, 
red and processed meat, sugar-sweetened beverages and 
fruit juice, and TFA was higher in NAFLD patients than 
participants in the control group (P < 0.05), whereas indi-
viduals in the case group had lower AHEI and HLS scores 
and lower vegetable intakes than those in in the control 

Table 1  Study population characteristics among the NAFLD patients and healthy participants*

Non-NAFLD (n = 450) NAFLD (n = 225) P-Value
Demographic data
Age,(year) 37.9 ± 8.9 38.6 ± 8.7 0.296

Women, (%) 48.2 44.4 0.354

Body mass index (Kg.m2) 25.0 ± 3.1 30.6 ± 4.0 < 0.001
Physical activity ( MET/min/week) 1590 ± 949 1119 ± 616 < 0.001
Smoking (yes, %) 2.7 7.1 0.006
Marital status (married, %) 81.3 88.8 0.013
Education level (Bachelor and higher, %) 47.8 44.9 0.478

Socio economic status (%) < 0.001
  Low (%) 31.6 21.3

  Middle (%) 40.4 33.8

  High (%) 28.0 33.6

Dietary intake
Energy intake(Kcal/d) 2227 ± 645 2369 ± 621 0.007
Carbohydrate (% of energy) 55.9 ± 6.5 56.0 ± 7.4 0.913

protein(% of energy) 13.2 ± 2.2 13.2 ± 2.5 0.924

fat(% of energy) 30.8 ± 6.5 30.8 ± 7.4 0.939

Fiber (g/1000 Kcal) 15.9 ± 6.5 16.8 ± 8.3 0.121

Healthy lifestyle score < 0.001

  Low (%) 10.4 50.2

  Middle (%) 39.6 42.2

  High (%) 50.0 7.6

Alternate healthy eating index 55.1 ± 8.1 48.8 ± 7.7 < 0.001
Alternate healthy eating index components
Vegetables (servings/d) 2.86 (1.95–3.97) 2.47 (1.63–3.40) 0.001
Fruit (servings/d) 2.60 (1.35–4.00) 2.57 (1.41–4.29) 0.877

Whole grains (servings/d) 1.75 (0.85–3.82) 2.13 (0.98–3.80) 0.860

Sugar-sweetened beverages and fruit juice (servings/d) 0.09 (0.04–0.15) 0.15 (0.06–0.32) < 0.001
Nuts and legumes (servings/d) 0.27 (0.16–0.50) 0.28 (0.15–0.51) 0.537

Red/processed meat (servings/d) 0.60 (0.33–0.98) 0.87 (0.55–1.35) < 0.001
Trans fatty acid (% of energy) 0.68 (0.51–0.96) 1.7 (0.88–2.36) < 0.001
Long-chain (n-3) fats ( mg/d) 0.07 (0.03–0.13) 0.06 (0.03–0.12) 0.535

Polyunsaturated fatty acid (% of energy) 6.03 (4.80–7.55) 6.20 (4.84–7.63) 0.193

Sodium ( mg/d) 3425 (2450–5448) 3547 (2681–5213) 0.602
* Data were represented as mean ± SD, or median (IQR 25–75) for continuous variables and percent for categorical variables
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group (P < 0.05). The control and case groups observed 
no significant difference in other characteristics.

The characteristics of the study population according 
to tertiles of HLS have been reported in Table 2. The per-
centage of smoking, married individuals, and men in the 
highest tertile of HLS were lower than those in the lowest 
tertile of HLS (P < 0.05). Also, compared to participants 
in the lowest tertile of HLS, individuals in the highest ter-
tile of HLS had lower levels of BMI and higher physical 
activity (P < 0.05). Findings on dietary intakes of partici-
pants according to tertiles of HLS showed that individu-
als in the highest tertile of HLS had higher consumption 
of vegetables, fruit, whole grains, nuts, and legumes, and 
a lower intake of sugar-sweetened beverages and fruit 
juice, red and processed meat, and TFA than those in the 
lowest tertile of HLS (P < 0.05). We did not observe a sig-
nificant difference in other characteristics among partici-
pants according to tertiles of HLS.

The OR of NAFLD across tertiles of AHEI and HLS 
is shown in Table  3. Based on the age and sex-adjusted 
model, the odds of NAFLD were decreased across tertiles 
of AHEI (OR: 0.18; 95%CI: 0.16–0.29, Ptrend<0.001) and 
HLS (OR: 0.03; 95%CI: 0.01–0.05, Ptrend<0.001). Also, in 
the multivariable model, after adjusting for age, sex, BMI 
(only for AHEI), smoking (only for AHEI), physical activ-
ity (only for AHEI), marital status, SES, and dietary intake 
of energy, the odds of NAFLD were decreased across ter-
tiles AHEI (OR: 0.12; 95%CI: 0.06–0.24, Ptrend<0.001) and 
HLS (OR: 0.02; 95%CI: 0.01–0.04, Ptrend<0.001).

Discussion
The present study showed that a higher HLS score was 
may be associated with reduced odds of NAFLD, inde-
pendent of potential confounding factors. Also, greater 
adherence to a diet with a high AHEI score is related to 
lower odds of NAFLD.

Table 2  Study population characteristics according to tertiles of healthy lifestyle score *

Variables Tertiles of Healthy Lifestyle score P-Value
T1 (n = 160) T1 (n = 273) T3 (n = 242)

Demographic data
Age,(year) 38.6 ± 8.5 38.2 ± 8.6 37.6 ± 9.2 0.482

Men, (%) 55.0 48.4 40.1 0.011
Body mass index (Kg.m2) 30.5 ± 3.9 27.4 ± 3.7 23.7 ± 2.7 < 0.001
Physical activity ( MET/min/week) 802 ± 382 1423 ± 895 1861 ± 849 < 0.001
Smoking (yes, %) 11.9 3.3 0.0 < 0.001
Marital status (married, %) 88.1 87.9 76.3 0.001
Education level (Bachelor and higher, %) 46.2 47.6 46.3 0.942

Socio economic status (%) 0.118

  Low (%) 25.0 28.6 29.8

  Middle (%) 33.1 38.5 41.3

  High (%) 41.9 33.0 28.9

Dietary intake
Energy intake(Kcal/d) 2250 ± 650 2273 ± 661 2292 ± 612 0.811

Carbohydrate (% of energy) 57.4 ± 7.1 57.0 ± 7.4 57.3 ± 7.2 0.702

protein(% of energy) 13.4 ± 2.7 13.7 ± 2.2 13.5 ± 2.2 0.401

fat(% of energy) 31.2 ± 6.9 31.7 ± 7.2 31.6 ± 6.6 0.772

Fiber (g/1000 Kcal) 16.9 ± 8.9 16.0 ± 6.9 15.7 ± 5.9 0.244

Healthy lifestyle score 0.95 ± 0.20 2.00 ± 0.00 3.27 ± 0.44 < 0.001
Alternate healthy eating index 46.4 ± 5.9 52.0 ± 8.1 56.8 ± 7.4 < 0.001
Alternate healthy eating index components
Vegetables (servings/d) 2.34 (1.72–3.21) 2.80 (1.76–3.74) 2.97 (1.90–4.22) < 0.001
Fruit (servings/d) 1.90 (1.25–3.22) 2.57 (1.18–4.26) 3.10 (1.78–4.42) 0.001
Whole grains (servings/d) 1.67 (0.72–3.28) 1.86 (0.85–3.96) 2.29 (1.01–3.96) < 0.001
Sugar-sweetened beverages and fruit juice (servings/d) 0.03 (0.03–0.16) 0.03 (0.00–0.07) 0.02 (0.00–0.03) 0.001
Nuts and legumes (servings/d) 0.23 (0.12–0.38) 0.27 (0.16–0.50) 0.30 (0.17–0.54) < 0.001
Red/processed meat (servings/d) 0.84 (0.53–1.34) 0.75 (0.43–1.08) 0.52 (0.29–0.91) 0.016
Trans fatty acid (% of energy) 1.25 (0.82–2.21) 0.87 (0.59–1.43) 0.65 (0.51–0.89) < 0.001
Long-chain (n-3) fats ( mg/d) 0.06 (0.02–0.12) 0.07 (0.04–0.13) 0.06 (0.03–0.12) 0.861

Polyunsaturated fatty acid (% of energy) 6.02 (4.84–7.28) 5.91 (4.69–7.52) 6.38 (4.89–7.78) 0.781

Sodium ( mg/d) 3772 (2551–6457) 3419 (2575–5549) 3316 (2419–5099) 0.561
* Data were represented as mean ± SD, or median (IQR 25–75) for continuous variables and percent for categorical variables



Page 6 of 9Jahromi et al. BMC Public Health          (2023) 23:973 

Recently, in various studies, the relationship between 
the HLS index, characterized by no smoking, no obesity, 
a healthy diet, and high physical activity, and the risk of 
cardiometabolic disorders has been investigated, the 
results of which have shown its strong predictive power 
in reducing these chronic diseases, including coronary 
artery disease [16], type 2 diabetes [33], metabolic syn-
drome [18], mortality [19]. Although our study is the 
first study in the MENA region, such as Iran to show the 
possible association of HLS with the reduction in risk of 
NAFLD, in Western societies as well as East Asian coun-
tries, the relationship of HLS with the risk of NAFLD has 
been investigated, which indicating interesting results. 
American Heart Association proposed a definition of 
cardiovascular health in 2010 (Life’s Simple 7, LS7) and 
updated it in 2022 (Life’s Essential 8, LE8) [34, 35]. This 
score, like the HLS score, uses AHEI as an indicator of 
nutritional status, which shows that AHEI is a suitable 
index for the study of cardiometabolic diseases. Con-
sistent with our findings, they have demonstrated that 
a more favorable cardiovascular health score is associ-
ated with a lower risk of NAFLD [34, 35]. Also, a study 
recently conducted on the US population suggested that 
a higher HLS score was related to a lower risk of NAFLD 
and clinically significant fibrosis and can improve liver 
function [20], also, a cross-sectional study in early adult-
hood showed that a lifestyle with high HLS is inversely 
associated with hepatic steatosis index and fatty liver 
index [21]. Furthermore, two studies on the Chinese 
population [22, 23] reported that higher adherence to 
lifestyle with a high score of HLS may be associated with 
reduced risk of NAFLD. In line with the findings of previ-
ous studies, the results of our study showed that in the 
Iranian adult population, adherence to a healthy eating 
pattern, determined by the AHEI index, and having a 

healthy lifestyle based on a high HLS score can protect 
them against the occurrence of chronic diseases, such as 
NAFLD. The results of our study can also be interesting 
and important for researchers in another way because 
this study was conducted in the Iranian population as a 
country in the MENA region, which may have food hab-
its and lifestyles different from Western societies. There-
fore, our study confirms that the use of these dietary and 
lifestyle indicators in other populations, such as Asian 
societies, can appropriately predict the status of dietary 
patterns and lifestyles in their population.

Our findings on the association of AHEI and the risk of 
NAFLD are comparable with the results of some studies 
that have evaluated the role of AHEI as a major diet qual-
ity index in liver diseases such as NAFLD. In line with our 
study, Framingham Heart study reported that a higher 
score of AHEI was correlated with decreased fat accumu-
lation in the liver and lower severity and risk of fatty liver 
in adult individuals, particularly in those with genetic risk 
factors for NAFLD [36]. In a multiethnic cohort study, 
following a high-quality diet, characterized by the higher 
score of HEI-2010 and AHEI-2010, reduced the risk of 
NAFLD [37]. Furthermore, Park et al. [38] revealed that 
a higher HEI-2015 score was negatively associated with 
NAFLD progression in ethnically different populations, 
but no association was found between the AHEI score 
with the risk of NAFLD. Notably, in NAFLD with cir-
rhosis, a significant inverse association was reported for 
AHEI in addition to DASH and HEI-2015, emphasizing 
that a high-quality diet was more beneficial to cirrhotic 
patients with NAFLD than for NAFLD patients without 
cirrhosis [38]. Therefore, the results of our study, as well 
as the previous evidence [10, 38], indicate that assess-
ing the diet quality of individuals using the AHEI score 
as a healthy dietary index can help us to determine and 

Table 3  The association between the alternate healthy eating index and healthy lifestyle index with odds of NAFLD
Indices OR(95% CI) of NAFLD P trend

T1 T2 T3
Alternate healthy eating index
Median score 43.9 52.2 60.3

Case/Total 111 / 225 77 / 225 37 / 225

Crude model 1.00 (Ref ) 0.52 (0.36–0.77) 0.20 (0.13–0.31) < 0.001

Model 1* 1.00 (Ref ) 0.50 (0.34–0.74) 0.18 (0.16–0.29) < 0.001

Model 2† 1.00 (Ref ) 0.35 (0.20–0.62) 0.12 (0.06–0.24) < 0.001

Healthy lifestyle score
Median score 1.00 2.00 3.00

Case/Total 113 / 160 95 / 273 17 / 242

Crude model 1.00 (Ref ) 0.22 (0.14–0.34) 0.03 (0.02–0.05) < 0.001

Model 1* 1.00 (Ref ) 0.21 (0.13–0.32) 0.03 (0.01–0.05) < 0.001

Model 2‡ 1.00 (Ref ) 0.20 (0.13–0.31) 0.02 (0.01–0.04) < 0.001
* Model 1: adjusted for age and sex
† Model 2: adjusted for model 1 and body mass index, smoking, physical activity, marital status, socio-economic status, and dietary intake of energy
‡ Model 2: adjusted for model 1 and marital status, socio-economic status, and dietary intake of energy
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identify the role of a healthy diet both alone or as impor-
tant part of the HLS in predicting the risk of NAFLD.

The considerable ability of HLS in predicting the 
reduced odds of NAFLD can be explained based on the 
characteristics of its components. Higher adherence to a 
healthy diet is one of the most important components of 
HLS, which alone can play a very strong role in reduc-
ing the risk of this disease. We determined the quality of 
individuals’ diets based on the HEI index, which empha-
sizes a high intake of vegetables, fruit, whole grains, nuts 
and legumes, long-chain (n-3) fats, polyunsaturated 
fatty acid, and a low intake of sugar-sweetened bever-
ages and fruit juice, red and processed meat, trans fatty 
acid, sodium. These above-mentioned food components 
can explain the role of HLS and AHEI in predicting the 
risk of NAFLD through possible mechanisms. Among 
AHEI components, nuts, vegetables, and dairy decrease 
the risk of NAFLD via high amounts of vitamins, min-
erals, and fibers [39]. Also, vegetables and fruits reduce 
the risk of NAFLD due to their high content of antioxi-
dants, fiber, and phytochemicals [40]. Fibers control lipid 
levels and blood glucose, and phytochemicals and anti-
oxidants are known as anti-inflammatory components 
that decrease hepatic steatosis [40]. NAFLD prevalence 
is associated with higher consumption of red meat and 
simple sugar [41]. High amounts of animal protein cause 
insulin resistance and glucose intolerance [42]. Also, red 
meats include saturated fatty acids that increase trans-
10, cis-12 conjugated linoleic acid that promotes stress in 
the endoplasmic reticulum, and apoptosis which is con-
nected to NAFLD progression [43]. Furthermore, heme-
iron rich in meats induces oxidative stress that may lead 
to NAFLD [44]. High consumption of sweetened bever-
ages and simple sugar increases the risk of NAFLD by 
increasing obesity, insulin resistance, lipid peroxidation, 
inflammatory reactions, and fat accumulation in the liver 
tissue [45]. Therefore, adherence to a diet with a high 
AHEI score in the form of a healthy lifestyle, one of the 
characteristics of which is the lower intake of red meat, 
simple sugar, and saturated fat, can play a notable role in 
reducing the risk of NAFLD.

Other lifestyle factor components, including smoking, 
physical activity, and obesity, may independently play a 
significant role in predicting liver disorders by interfer-
ing with different metabolic pathways. Smoking results 
in insufficient secretion of insulin and insulin resistance 
via ß-cell dysfunction, oxidative stress, inflammation, and 
increased level of C reactive protein (CRP) that may pro-
mote the risk of cardio-metabolic dysfunction [46, 47]. 
Physical activity improves insulin metabolism due to the 
up-regulation of insulin receptors in muscles leading to 
the beneficial delivery of glucose and insulin to muscles, 
reducing central obesity via negative energy balance, and 
increasing antioxidant capacity [48]. Obesity, a leading 

cause of NAFLD, is associated with hyperinsulinemia, 
impaired hepatic metabolism of glucose and free fatty 
acids, insulin resistance, and dyslipidemia, all of which 
are associated with an increased risk of NAFLD [40, 49]. 
Considering the individual impact of each lifestyle fac-
tor on NAFLD, determining a single index that shows 
the combined effect of important lifestyle components, 
including diet, physical activity, smoking, and obesity, 
could help us to accurately recognize the possible role 
of a healthy lifestyle in predicting the risk of chronic dis-
eases, including NAFLD; Our results strongly indicated 
that a healthy lifestyle characterized by vigorous physi-
cal activity, no obesity, abstinence from smoking, and 
adhered to a healthy dietary pattern with high intake of 
fruits, legumes, vegetables, nuts and grains and low con-
sumption of sweetened beverages and red and processed 
meats noticeably reduce the risk of NAFLD.

To the best of our knowledge, this is the first study 
that assessed the combined role of HLS in predicting 
NAFLD in the adult population. We used a reliable and 
valid physical activity and food frequency questionnaire 
to obtain the participants’ data. Furthermore, our analy-
ses have adjusted for confounding factors to improve the 
reliability. Our study has some limitations. Due to our 
study design’s case-control nature, we could not discover 
a causal relationship between exposures and outcomes. 
Using FFQ to collect dietary intake data makes measure-
ment errors inevitable; however, we tried to minimize 
this error using a validated questionnaire. For the detec-
tion of NAFLD in individuals, a biopsy of the liver and 
magnetic resonance imaging technique is the gold stan-
dard tests; however, in the current study, the ultrasonog-
raphy test was used to diagnose NAFLD in participants; 
because using biopsy as an expensive diagnostic test has 
limitations and complications and MRI is also a high cost 
and less available test, but ultrasonography test is a non-
invasive and easily accessible test that is applicable and 
reliable to detect NAFLD in individuals. Although our 
aim in this study was to investigate the cumulative effect 
of lifestyle factors in the form of HLS score, the issue that 
HLS does not provide any information on which lifestyle 
factor or the cluster of components has a greater predic-
tive value can be considered as another limitation for 
our study. Finally, although the confounding effects of 
several confounders were controlled in analyses of data 
of the present study, our study design may not consider 
all potential confounders and the effects of some residual 
confounders may have occurred.

Conclusions
In conclusion, our results showed that greater adher-
ence to HLS, defined by normal BMI, healthy diet, high 
physical activity, and not smoking, are significantly asso-
ciated with a reduced risk of NAFLD. Also, a diet with 
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a high AHEI score independently is related to decreased 
odds of NAFLD. To confirm the evidence obtained from 
our study on the possible relationship between HLS and 
AHEI scores and the NAFLD risk, it is suggested to con-
duct more epidemiological studies, especially prospec-
tive cohort studies with a large sample size and a longer 
follow-up period.
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