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Abstract

Background: Today, nonalcoholic fatty liver disease (NAFLD) has become a major health problem owing to its high prevalence.
Literature evidence about regression of NAFLD are not as high as its development or progression.
Objectives: This cohort study was conducted to reveal the factors influencing the regression of the NAFLD.
Methods: A population-based study conducted in Shiraz, Iran. Adults older than 18 years were recruited by multistage randomized
sampling in 2012, and then in 2017. Demographic, anthropometric, nutritional, and medical characteristics of each interviewee
were entered into a valid and reliable questionnaire. Interviewees were categorized into three groups according to the changing of
their NAFLD status between two stages of this study; no change, regressed and progressed.
Results: Of the 537 participants, 163 (30.3%) showed regression of their NAFLD compared to 93 (17.3%) that their NAFLD was pro-
gressed. Multinomial regression showed that each unit of decrease in BMI (∆ BMI= -1 kg/m2) augmented the relative risk (RR) of
improvement of NAFLD by 13.3% (RR: 0.867; 95% CI: 0.776 - 0.969; P = 0.012) and reduced the relative risk of NAFLD deterioration by
14.3% (RR: 1.143; 95% CI: 1.009 - 1.294; P = 0.035).
Conclusions: A significant portion of patients showed regression of their NAFLD by decreasing their BMI. Therefore, BMI as a mod-
ifiable variable should be regarded in the management of NAFLD patients.
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1. Background

As a metabolic disorder, nonalcoholic fatty liver dis-
ease (NAFLD) is characterized by excessive triglyceride (TG)
accumulation in hepatocytes in the absence of excessive al-
cohol consumption (1, 2). Today, NAFLD has become a ma-
jor health problem owing to its high prevalence and that
it augments the chances of progression to liver cirrhosis
and liver cancer, and increased the risk of cancer and car-
diovascular diseases (3). Current prevalence of NAFLD is es-
timated to be 24% - 42% in the western countries and 5% -
40% in Asian countries (2). A systematic review estimated
the prevalence of NAFLD in Iran as 33.9% (95% CI: 26.4 - 41.5)
(4). Furthermore, Lankarani et al. showed that the preva-
lence of the disease is around 21.5% in Shiraz, southern Iran
(5). Studies showed that lifestyle, environment, age, gen-
der, body mass index (BMI), visceral adiposity, genetic pre-
disposition and metabolic factors have crucial roles in the
incidence of NAFLD (2, 6). Diabetes type 2 and smoking
are also other relevant predictors of NAFLD occurrence (7).

Different studies assessed the risk factors and predictors
of NAFLD, and the expectation is that changing the possi-
ble risk factors would affect the progression of the disease.
However, at the time of our literature review, studies eval-
uating regression and progression of NAFLD concurrently
through a single longitudinal study are rare; and evidence
about regression of NAFLD are not as high as its develop-
ment or progression.

2. Objectives

This cohort study was conducted to reveal the factors
influencing the regression of the NAFLD.

3. Methods

3.1. Study Population
The present cohort research was carried out in Shi-

raz, a major metropolitan city in southern Iran. A multi-
stage proportional and cluster random sampling, based on
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homes’ postal codes was used. According to seven postal
districts of Shiraz, we divided the needed sample size pro-
portionally among these districts. Then from each of the
districts, the needed sample size was selected through ran-
dom sampling from listed postal codes. Each of the seven
postal code districts was considered as a cluster and one
person at least 18 years old was selected randomly from
each house. The exclusion criteria were being non-Iranian,
being pregnant, or having delivered within the previous
six months. Over a 10-month period (from November 2012
to September 2013), 844 participants took part in the first
phase of this study. The main aim of the cohort study was
to assess non-communicable diseases in Shiraz, Iran. The
cohort protocol was specifically explained in the Lankarani
et al. study (5). Four years later (2017), the second phase of
the study was carried out, where 554 out of the 844 subjects
participated, and all steps of study were repeated for them.
According to the fatty liver stages in the two phases, sub-
jects were classified into 3 groups: (1) Unchanged group,
including normal or those with mild NAFLD grade, in both
phases. Those who had moderate or severe NAFLD grade in
both phases, were excluded due to their limited numbers.
(2) Regressed group, including those who suffered from
certain stages of fatty liver in phase 1, yet their status had
improved with lower fatty liver stages in the second phase.
(3) Progressed group, included participants who got worse
based on their fatty liver stages.

3.2. Measurements

At the baseline of the study, a questionnaire including
demographic, and social characteristics was completed
through a face to face interview. The information was col-
lected based on the marital status (single/married), edu-
cation (lower/higher than 12 years), job status (employed/
unemployed), and tobacco use at the baseline. Dietary in-
take was evaluated in both phases, using a 168-item food
frequency questionnaire (FFQ) (8) which assessed food in-
take over the previous year and analyzed via Nutritionist-4
software modified for Persian food by National Nutrition
and Food Technology Research Institute. A physically ac-
tive person was defined as an individual who has an ac-
tivity for at least 150 to 300 minutes a week of moderate-
intensity, or 75 to 150 minutes a week of vigorous-intensity,
or an equivalent combination of moderate- and vigorous-
intensity (9). Height was measured through the use of a
tape measure to the nearest 0.1 cm and weight was mea-
sured, with a measurement accuracy of 0.1 kg, while wear-
ing light clothes. The BMI was calculated as weight/height2

(kg/m2). Waist circumference (WC) was measured by mea-
suring the distance around the narrowest area of the waist
between the lowest rib and iliac crest and above the um-
bilicus using a non-stretchable tape measure (10). Fasting
blood sugar (FBS), serum levels of TG, low-density lipopro-
tein (LDL), and high-density lipoprotein (HDL) and systolic

blood pressure (SBP) and diastolic blood pressure (DBP)-
according to the WHO criteria (11)- were measured for each
person in both phases. NAFLD was detected by abdom-
inal ultrasonography which revealed an increase in the
echogenicity of liver parenchyma and a decrease in the
echogenicity of portal vein or diaphragm (2). For preven-
tion of inter-observer error, abdominal ultrasonography
was done by the same radiologist and the same protocol.
Consultation with internal medicine specialist was con-
ducted for participants who were not under clinical follow
up or who had not been visited previously by internists.
After examination, the study population were informed
about their fatty liver status.

3.3. Statistical Analysis

The data were expressed as median percentage.
Amount of differences between the two phases of study
(delta: ∆) were calculated for quantitative variables, such
as BMI (kg/m2), WC (cm), calories (Kcal), protein (gr), fat
(gr) and carbohydrate (gr) intakes, FBS, TG, LDL, and HDL.
Kruskal-Wallis and chi-squared tests were used as univari-
ble analysis. In the next step, variables such as age, ∆-BMI,
∆-WC, ∆-calories and carbohydrate intake, ∆-FBS, ∆-TG,
∆-LDL and ∆-SBP, and also marital status, education, job
status, with p-value less than 0.2 in univariable analysis,
were entered into the multi-nominal logistic regression
analysis to examine the relative risk of regression and
progression of NAFLD, and no change group was consid-
ered as reference group. Collinearity among variables was
assessed using variance inflation factor (VIF) before multi-
variate analysis and no collinearity was observed (VIF = 1).
The IBM SPSS statistics (version 20-IBM corporation-USA)
and Nutritionist-4 (version 3.5.2, N-Squared Computing
and First DataBank of The Hearst Corporation-USA) were
used to do statistical and food intake analysis, respectively.

4. Results

Out of 844 participants in the first stage, 554 (65.6%)
attended in the second stage of this study. After exclud-
ing participants who had moderate (n = 13) or severe (n
= 4) NAFLD in both phases, analysis was done on 537 par-
ticipants, of whom 163 (30.3%) showed regression of their
NAFLD compared to 93 (17.3%) that developed NAFLD or
their NAFLD had progressed. The median age of partici-
pants in the second stage was 44 years and 308 (57.3%) were
female. In the second stage, among all participants, the
median of BMI was 26.0 kg/m2. Prevalence of normal, mild,
moderate, and severe grades of NAFLD was 53.9%, 23.6%, 16%,
6.5%, in the first and 54.0%, 35.7%, 8.5%, 0.9% in the second
phases of study, respectively. Furthermore, history of hy-
perlipidemia, hypertension, diabetes, overweightness and
obesity was 19.6%, 11.1%, 7.0%, 42.2%, 19.6%, in the first and
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in 25.1%, 22.2%, 10.4%, 42.7%, 18.5% in the second phases of
study, respectively. Characteristics of participants in case
of demographic, social, anthropometric and medical sta-
tus were shown in Table 1.

There were significant differences between regressed,
progressed and unchanged groups in terms of partici-
pants’ age, marital status, and education, and∆-daily calo-
ries and carbohydrate intakes, and value of BMI, WC, FBS,
and serum TG, and LDL. Analysis showed that ∆-daily calo-
ries intake (P = 0.02), ∆-daily carbohydrate intake (P =
0.01),∆-BMI (P < 0.001),∆-WC (P < 0.001),∆-FBS (P = 0.01),
∆-TG (P = 0.001), and ∆-LDL (P = 0.02) were significantly
lower in regressed than progressed groups. Moreover, par-
ticipants who were married (P = 0.01), and had an educa-
tion of lower than 12 years (P = 0.01) were significantly more
frequent in regressed compared to the progressed group.
Results of multi-nominal regression, were shown in the Ta-
ble 2. Every one unit decrease in difference of BMI (BMI in
phase 2 minus BMI in phase 1), increased the relative risk of
improvement by 13.3 percent (RR: 0.86; 95% CI: 0.77 - 0.96;
P = 0.01) and decreased the relative risk of deterioration of
the disease by 14.3% (RR: 1.14; 95% CI: 1.009 - 1.29; P = 0.03).
Age was also a significantly effective covariate in increasing
the relative risk of improvement, although it was not effec-
tive in progression of the disease. Trend of BMI Changes
in regressed, progressed and unchanged groups of NAFLD
was shown in Figure 1 and effect of ∆-BMI on the incident
risk of regression and progression of NAFLD, was shown in
the Figure 2.

29.0

28.0

27.0

26.0

25.0

Time Interval

2011 2015

B
M

I (
k

g
/m

2 )

Unchanged
Regress
Progress

Figure 1. Trend of median changes of BMI and standard error bars at the baseline
and follow up in regressed, progressed and unchanged groups of NAFLD patients
during four years of a cohort study in Shiraz, Iran

5. Discussion

In this cohort study, association of demographical, so-
cial, anthropometrical, dietary and medical factors with
the improvement or progression of NAFLD were assessed.
Based on the univariable analysis, variables such as age,∆-
daily calories intake, ∆-daily carbohydrate intake, ∆-BMI,
∆-WC,∆-FBS,∆-TG,∆-LDL,∆-SBP, marital status, and edu-
cation were associated with changing of NAFLD status.

5.1. Demographic and Social Risk Factors of NAFLD Regression
or Progression

Several studies found that age was associated directly
with NAFLD; with increasing age, the possibility of NAFLD
would be more (1, 2, 6), but these studies were mostly cross
sectional. Furthermore, there is an age-related increase
in visceral adiposity and muscles and liver fat deposition,
which is associated with NAFLD (12). In recent study, age
was a predictor of higher relative risk of regression. The
mean rank of age was significantly higher in the regression
group, suggesting that patients were more self-concern
than the first phase of the study by their age increased over
the time. However, analysis of our variables did not show
any association between physical activity and diet with re-
gression and progression of the disease. Factors such as
age-related metabolic changes can be considered in later
stages of the cohort.

Based on many studies, gender is another factor re-
lated to NAFLD, (1, 2) while, some studies reported no gen-
der differences among NAFLD cases (13). Similarly, in the
present study, there was no gender difference between the
regression and progression groups of NAFLD cases. We
also found that marital status and level of education var-
ied amongst the groups; where married participants and
those with education level less than 12 years showed more
relative risk of regression compared to the counterpart
groups. This finding is in opposition to another study that
showed those with lower education had a higher risk of
NAFLD (14). Lower education probably could be in line with
more physical activities, or lower income which would be
correlated with lower calorie intake or higher fiber intake
from vegetable and legumes as lower price source of food.
In line with other researches, tobacco usage was not differ-
ent among the groups of our study (14, 15). However, other
reports revealed that smoking was correlated with NAFLD
(12).

5.2. Biochemical Parameters AssociatedwithNAFLDRegression
or Progression

The values of ∆-FBS, ∆-TG, and ∆-LDL were signifi-
cantly lower in the regression group in comparison with
the progression group, showing that participants who had
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Table 1. Demographic, Social, Anthropometric and Medical History of the NAFLD Patients in a Cohort Study in Shiraz, Iran

Variables Regressed (N = 163) Progressed (N = 93) Unchanged (N = 281) P Value

Age, median (IQR), y 50 (43, 58) 40 (31, 49) 41 (29, 50) < 0.001

∆-Daily calories intake, median (IQR), Kcal 131.0 (-429.5, 497.0) 281.0 (-84.0,770.0) 125.0 (-241.1, 637.5) 0.02

∆-Daily protein intake, median (IQR), gr 6.7 (-12.7, 26.7) 3.6 (-16.8, 20.2) 3.4 (-12.9, 24.1) 0.34

∆-Daily fat intake, median (IQR), gr -15.1 (-27.7, 0.7) -19.8 (-39.0, -1.2) -18.5 (-32.3, -1.2) 0.22

∆-Daily carbohydrate intake, median (IQR), gr 52.1 (-23.5, 145.6) 92.8 (35.7, 172.8) 61.0 (-0.3, 156.6) 0.01

∆-BMI, median (IQR), kg/m2 -0.6 (-1.8, 0.7) 0.9 (-0.4, 2.2) 0.1 (-0.9, 1.4) < 0.001

∆-WC, median (IQR), cm 6.0 (2.0, 11.0) 10.0 (6.5, 15.0) 7.0 (3.0, 12.0) < 0.001

∆-FBS, median (IQR), mg/dL 2.0 (-11.5, 14.0) 8.0 (-1.0, 19.0) 5.0 (-4.0, 14.0) 0.01

∆-TG, median (IQR), mg/dL -23.0 (-68.0, 16.0) 1.0 (-32.0, 42.0) -8.0 (-38.0, 37.0) 0.001

∆-LDL, median (IQR), mg/dL -18.0 (-42.0, 8.0) -5.0 (-32.2, 22.2) -8.0 (-29.0, 13.0) 0.02

∆-HDL, median (IQR), mg/dL -3.0 (-14.0, 6.0) -3.0 (-11.0, 8.0) -3.0 (-12.0, 6.0) 0.81

∆-SBP, median (IQR) 0.0 (-8.0, 11.0) 0.0 (-9.0, 10.5) -1.0 (-10.8, 10.0) 0.13

∆-DBP11 , median (IQR) 1.0 (-7.0, 8.0) 2.0 (-3.0, 10.5) 2.0 (-4.0, 8.3) 0.43

Gender, No. (%)

Male 75 (32.8) 44 (19.2) 110 (48.0)

Female 88 (28.6) 49 (15.9) 171 (55.5) 0.22

Marital status, No. (%)

Married 154 (32.6) 80 (16.9) 239 (50.5)

Single 9 (14.1) 13 (20.3) 42 (65.6) 0.01

Education, No. (%)

≤ 12 years 49 (23.1) 43 (20.3) 120 (56.6)

> 12 years 114 (35.2) 50 (15.4) 160 (49.4) 0.01

Job status, No. (%)

Employed 48 (25.5) 35 (18.6) 105 (55.9)

Unemployed 115 (33.2) 58 (16.8) 173 (50.0) 0.18

Tobacco use, No. (%)

Yes 36 (36.0) 16 (16.0) 48 (48.0)

No 124 (28.8) 75 (17.4) 231 (53.7) 0.37

Physical activity, No. (%)

Yes 54 (26.5) 35 (17.2) 115 (56.4)

No 96 (32.1) 52 (17.4) 151 (50.5) 0.35

Abbreviations: ∆, difference between two phases of cohort study (phase 2 - phase 1) ; BMI, body mass index; DBP, diastolic blood pressure; FBS, fasting blood sugar; HDL,
high-density lipoprotein; IQR, inter-quartile range; LDL, low-density lipoprotein; NAFLD, Non-alcoholic fatty liver disease; SBP, systolic blood pressure; TG, triglyceride;
WC, waist circumference.

followed medical recommendations had a better probabil-
ity for NAFLD regression. Other studies considered dyslipi-
demia, hypertension and type 2 diabetes as the risk fac-
tors for NAFLD (2, 6). In a Persian Guilan cohort, on 950
individuals, SBP, DBP, FBS and lipid profile such as TG, to-
tal cholesterol, and HDL were correlated with NAFLD. How-
ever, there was no correlation with LDL (16). In the van den
berg et al. study, patients with NAFLD had a higher preva-

lence of type 2 diabetes (1). Based on a report, blood glu-
cose was an independent variable of advanced NAFLD sta-
tus and severe fibrosis (17). In a cohort study of a healthy Ko-
rean population, NAFLD and its severity had independent
and strong association with incidence of diabetes (18). At
the baseline of the present study, 10.7% of the participants
with NAFLD had diabetes. Conversely, in the unchanged
group, the prevalence of diabetes was 4.3%, suggesting that
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Table 2. Multi-Nominal Regression Analysis of Factors Associated with Regression and Progression of NAFLD in a Cohort Study in Shiraz, Iran

Variables
Regressed vs. Unchanged Group Progressed vs. Unchanged Group

RR 95% CI P Value RR 95% CI P Value

Age 1.06 1.04 - 1.09 < 0.001 1.005 0.98 - 1.03 0.71

∆-BMI 0.86 0.77 - 0.96 0.01 1.14 1.009 - 1.29 0.03

∆-Daily calories intake 1.00 0.99 - 1.006 0.68 1.00 0.99 - 1.00 0.23

∆-Daily carbohydrate 1.003 0.99 - 1.006 0.10 1.001 0.99 - 1.005 0.73

∆-WC 1.004 0.97 - 1.03 0.80 1.03 0.99 - 1.07 0.05

∆-FBS 0.99 0.98 - 1.001 0.10 1.004 0.99 - 1.01 0.40

∆-TG 0.99 0.99 - 1.002 0.48 0.99 0.99 - 1.003 0.74

∆-LDL 0.99 0.99 - 1.003 0.26 0.99 0.99 - 1.005 0.69

∆-SBP 0.99 0.98 - 1.01 0.90 1.01 0.99 - 1.03 0.29

Marital status

Single (ref)

Married 1.19 0.49 - 2.58 0.68 1.29 0.57 - 2.88 0.53

Education

≤ 12 years (ref)

>12 years 0.78 0.47 - 1.27 0.32 1.05 0.60 - 1.84 0.85

Job status

Unemployed (ref)

Employed 1.51 0.89 - 2.58 0.12 1.26 0.70 - 2.28 0.43

Abbreviations: ∆, difference between two phases (phase 2 - phase 1); BMI, body mass index; CI, confidence interval; FBS, Fasting blood glucose; LDL, low-density lipopro-
tein; NAFLD, non-alcoholic fatty liver disease; ref, reference; RR, relative risk; SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference.

diabetes was a risk factor for NAFLD.

5.3. Dietary and Physical Activity Risk Factors Associated with
NAFLD Regression or Progression

As we concluded from univariable analysis, ∆-daily
calories and carbohydrate intake were significantly
higher in progressed than regressed or unchanged group.
Romero-Gomez et al. suggested that dietary habits and
physical activity (lifestyle changes), have to be the primary
line of treatment concerning NAFLD and nonalcoholic
steatohepatitis (NASH) (3). According to another study,
diet plays a major role in the development and progres-
sion of NAFLD (19). Low carbohydrate diet can reduce
liver fat for only a short period of time (20). However, in
the long run, reduction of liver fat seems to be a result
of weight-loss (21). Whether or not exercise has a direct
influence on liver fat is yet to be fully discussed (22, 23).
Habitual physical activity was negatively associated with
liver fat, independent of BMI, yet dependent on visceral
adiposity (24). Regarding the impact of lifestyle modifica-
tion on NAFLD, controversial recommendations were due
to differences in the studies’ design, namely, various forms
of lifestyle interventions with different diets and physical

activity regimens, absence of standardized endpoints, di-
verse phenotypes of NAFLD, different follow-ups together
with a relatively small number of patients included in the
earlier trials.

5.4. Anthropometric Risk Factors Correlated to the NAFLD Re-
gression or Progression

BMI was the main risk factors to influence the NAFLD
regression or progression in our study. The results showed
that BMI had the most effect on the regression and pro-
gression of NAFLD; the reduction in BMI increased the re-
gression of NAFLD and vice versa. However, increasing BMI
had a bit more effect on increasing the probability of pro-
gression of NAFLD than reduction of BMI in increasing rela-
tive risk of its regression. Although NAFLD and its more se-
vere form, NASH, might develop in non-obese patients, the
dominant portion of these diseases occurs in obese or over-
weight individuals (14). The BMI, WC, and weight-to-height
ratio were observed to be associated with NAFLD, with BMI
being a better index for diagnosing NAFLD (2). Closely asso-
ciated with NAFLD development and its progression, obe-
sity is a pro-inflammatory condition resulting in insulin
resistance (25). It was suggested that, weight reduction,
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Figure 2. Relative risk (RR) of regression (A) versus progression (B) of NAFLD status according to BMI changes (∆-BMI) through a four-year cohort study in Shiraz, Iran

with its clear dose-response association, is the most estab-
lished treatment for both NAFLD and NASH. In other word
the effect of weight loss on histological improvement of
liver was found to be dependent on the weight reduction
degree, regardless of the method employed to reach it (3).
Romero-Gomez, et al. had also showed that weight loss had
been further underlined in NASH patients, where weight
loss > 7% was related to a clinically meaningful regression
of disease status and weight reduction of≥ 10% was able to
ameliorate fibrosis by at least one stage (3) and resulted in
improvement of liver enzymes and histology (26). Further-
more, a modest 3 - 5 kg weight gain, regardless of baseline
BMI, predicted the development of NAFLD (27). In another
study on NASH patients, those with 10% (or more) loss of
the total body weight had observably higher rates of fibro-
sis regression (63% vs.9%) (28).

In western countries, visceral obesity was reported to
be associated with the pathogenesis of NAFLD, compared
with the overall obesity (29). Accordingly, WC was a well-
known surrogate marker of abdominal fat accumulation.
However, similar to Hu et al. study that was conducted
in East Asia (2), we found that BMI was superior to WC
and was a better index of NAFLD status. Fracanzani et al.
showed that there was a significant correlation between
hepatic steatosis and visceral adiposity, yet failed to show
that WC and NASH were correlated at multivariate analy-
sis (30). They indeed proposed that with the appearance of

NASH, visceral fat is no longer a significant determinant of
the degree of liver damage.

Using ultrasonography was the limitation of our study.
In NAFLD, the primary disease of interest is NASH as this
NAFLD phenotype carries the risk of hepatic fibrosis and
cirrhosis- Ultrasonography findings are unable to differen-
tiate whether nonalcoholic fatty liver or NASH is present.
Histopathological findings are excellent benchmarks for
the diagnosis of NAFLD; and liver elastography also was a
costly method which were not easily accessible to use in
our cohort study. Furthermore, Medication adherence was
self-reported which was a limitation in our study. As a rec-
ommendation, revealing the effect of treatments in partic-
ipants with decreased BMI, and its effect on regression of
NAFLD should be considered in the future studies. We also
suggest to compare groups with fixed severity of NAFLD
at the beginning and end of the cohort study with other
groups in the next researches. According to evidence of
obesity and development of NAFLD in children, follow-up
cohort on this age group is suggested.

5.5. Conclusions

BMI is the most important determinant of NAFLD re-
gression and progression. The reduction in BMI signifi-
cantly augments the probability of regression and reduces
the probability of the progression of NAFLD.

6 Hepat Mon. 2019; 19(12):e95646.

http://hepatmon.com


Keshani P et al.

Footnotes

Authors’ Contribution: Parisa Keshani was responsible
for analysis and interpretation of the data, drafting the
manuscript, critical revision of the manuscript for intel-
lectual content, and statistical analysis. Kamran Bagheri
Lankarani was responsible for the study concept and de-
sign, critical revision of the manuscript for intellectual
content, administrative, technical, material support, and
study supervision. Behnam Honarvar was responsible for
the study concept and design, acquisition of data, analysis
and data interpretation, drafting the manuscript, critical
revision of the manuscript for intellectual content, statis-
tical analysis, administrative, technical, material support,
and study supervision. Hadi Raeisi Shahraki was responsi-
ble for analysis and interpretation of data, statistical anal-
ysis, and critical revision of the manuscript for important
intellectual content.

Conflict of Interests: There is no conflict of interest to be
disclosed.

Ethical Approval: This study was conducted according
to the guidelines laid down in the Declaration of Helsinki
and all procedures involving research study participants
were approved by the Shiraz University of Medical Sci-
ences (SUMS) ethics board committee, reference number:
IR.SUMS.REC.1397.312.

Funding/Support: This study was funded by the Health
Policy Research Center affiliated to the Institute of Health
at Shiraz University of Medical Sciences, Shiraz, Iran.

Informed Consent: Written informed consent was
obtained from all participants and questionnaires were
anonymous and encoded. For the participants, all pro-
cesses were free of charge, and interviews were conducted
individually by the same gender.

References

1. van den Berg EH, Amini M, Schreuder TC, Dullaart RP, Faber KN,
Alizadeh BZ, et al. Prevalence and determinants of non-alcoholic
fatty liver disease in lifelines: A large Dutch population cohort. PLoS
One. 2017;12(2). e0171502. doi: 10.1371/journal.pone.0171502. [PubMed:
28152105]. [PubMed Central: PMC5289609].

2. Hu X, Huang Y, Bao Z, Wang Y, Shi D, Liu F, et al. Prevalence and
factors associated with nonalcoholic fatty liver disease in Shanghai
work-units. BMC Gastroenterol. 2012;12:123. doi: 10.1186/1471-230X-12-
123. [PubMed: 22978800]. [PubMed Central: PMC3499402].

3. Romero-Gomez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD with
diet, physical activity and exercise. J Hepatol. 2017;67(4):829–46. doi:
10.1016/j.jhep.2017.05.016. [PubMed: 28545937].

4. Moghaddasifar I, Lankarani KB, Moosazadeh M, Afshari M, Ghaemi A,
Aliramezany M, et al. Prevalence of non-alcoholic fatty liver disease
and its related factors in Iran. Int J Organ TransplantMed. 2016;7(3):149–
60. [PubMed: 27721961]. [PubMed Central: PMC5054138].

5. Lankarani KB, Ghaffarpasand F, Mahmoodi M, Lotfi M, Zamiri N, Hey-
dari ST, et al. Non alcoholic fatty liver disease in southern Iran: A pop-
ulation based study. Hepat Mon. 2013;13(5). e9248. doi: 10.5812/hepat-
mon.9248. [PubMed: 23922564]. [PubMed Central: PMC3734894].

6. Bellentani S. The epidemiology of non-alcoholic fatty liver dis-
ease. Liver Int. 2017;37 Suppl 1:81–4. doi: 10.1111/liv.13299. [PubMed:
28052624].

7. Schuppan D, Surabattula R, Wang XY. Determinants of fibrosis pro-
gression and regression in NASH. J Hepatol. 2018;68(2):238–50. doi:
10.1016/j.jhep.2017.11.012. [PubMed: 29154966].

8. Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F. Relia-
bility and relative validity of an FFQ for nutrients in the Tehran
lipid and glucose study. Public Health Nutr. 2010;13(5):654–62. doi:
10.1017/S1368980009991698. [PubMed: 19807937].

9. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska
DA, et al. The physical activity guidelines for Americans. JAMA.
2018;320(19):2020–8. doi: 10.1001/jama.2018.14854. [PubMed:
30418471].

10. Mahan LK, Escott-Stump S, Raymond JL, Krause MV. Krause’s food and
the nutrition care process. Elsevier Health Sciences; 2012.

11. Whelton P, Carey R, Aronow W. 2017 Guideline for High Blood Pressure in
Adults. American College of Cardiology; 2017.

12. Gan L, Chitturi S, Farrell GC. Mechanisms and implications of
age-related changes in the liver: Nonalcoholic Fatty liver dis-
ease in the elderly. Curr Gerontol Geriatr Res. 2011;2011:831536.
doi: 10.1155/2011/831536. [PubMed: 21918648]. [PubMed Central:
PMC3171768].

13. Almobarak AO, Barakat S, Khalifa MH, Elhoweris MH, Elhassan TM,
Ahmed MH. Non alcoholic fatty liver disease (NAFLD) in a Su-
danese population: What is the prevalence and risk factors? Arab J
Gastroenterol. 2014;15(1):12–5. doi: 10.1016/j.ajg.2014.01.008. [PubMed:
24630507].

14. Fan JG, Saibara T, Chitturi S, Kim BI, Sung JJ, Chutaputti A, et al.
What are the risk factors and settings for non-alcoholic fatty liver dis-
ease in Asia-Pacific? J Gastroenterol Hepatol. 2007;22(6):794–800. doi:
10.1111/j.1440-1746.2007.04952.x. [PubMed: 17498218].

15. Honarvar B, Bagheri Lankarani K, Keshani P, Rafiee T. Dietary determi-
nants of non-alcoholic fatty liver disease in lean and non-lean adult
patients: A population-based study in Shiraz, Southern Iran. Hepat
Mon. 2017;17(4). doi: 10.5812/hepatmon.44962.

16. Mansour-Ghanaei R, Mansour-Ghanaei F, Naghipour M, Joukar F. Bio-
chemical markers and lipid profile in nonalcoholic fatty liver disease
patients in the Persian Guilan cohort study (PGCS), Iran. J Family Med
PrimCare. 2019;8(3):923–8. doi: 10.4103/jfmpc.jfmpc_243_18. [PubMed:
31041226]. [PubMed Central: PMC6482810].

17. McPherson S, Hardy T, Henderson E, Burt AD, Day CP, Anstee
QM. Evidence of NAFLD progression from steatosis to fibrosing-
steatohepatitis using paired biopsies: Implications for progno-
sis and clinical management. J Hepatol. 2015;62(5):1148–55. doi:
10.1016/j.jhep.2014.11.034. [PubMed: 25477264].

18. Chang Y, Jung HS, Yun KE, Cho J, Cho YK, Ryu S. Cohort study of
non-alcoholic fatty liver disease, NAFLD fibrosis score, and the risk
of incident diabetes in a Korean population. Am J Gastroenterol.
2013;108(12):1861–8. doi: 10.1038/ajg.2013.349. [PubMed: 24100261].

19. Pasdar Y, Darbandi M, Niazi P, Bagheri A, Mohajeri SAR, Norouzy A, et
al. The risk factors of metabolic syndrome and nutritional status in
patients with non-alcoholic fatty liver disease: A case-control study
in Kermanshah, Iran. Acta Medica. 2017;33:715.

20. Browning JD, Baker JA, Rogers T, Davis J, Satapati S, Burgess SC. Short-
term weight loss and hepatic triglyceride reduction: Evidence of
a metabolic advantage with dietary carbohydrate restriction. Am J
Clin Nutr. 2011;93(5):1048–52. doi: 10.3945/ajcn.110.007674. [PubMed:
21367948]. [PubMed Central: PMC3076656].

21. Kirk E, Reeds DN, Finck BN, Mayurranjan SM, Patterson BW, Klein S.
Dietary fat and carbohydrates differentially alter insulin sensitivity
during caloric restriction. Gastroenterology. 2009;136(5):1552–60. doi:
10.1053/j.gastro.2009.01.048. [PubMed: 19208352]. [PubMed Central:
PMC2677125].

22. Larson-Meyer DE, Heilbronn LK, Redman LM, Newcomer BR, Frisard
MI, Anton S, et al. Effect of calorie restriction with or without ex-
ercise on insulin sensitivity, beta-cell function, fat cell size, and ec-
topic lipid in overweight subjects. Diabetes Care. 2006;29(6):1337–

Hepat Mon. 2019; 19(12):e95646. 7

http://dx.doi.org/10.1371/journal.pone.0171502
http://www.ncbi.nlm.nih.gov/pubmed/28152105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5289609
http://dx.doi.org/10.1186/1471-230X-12-123
http://dx.doi.org/10.1186/1471-230X-12-123
http://www.ncbi.nlm.nih.gov/pubmed/22978800
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3499402
http://dx.doi.org/10.1016/j.jhep.2017.05.016
http://www.ncbi.nlm.nih.gov/pubmed/28545937
http://www.ncbi.nlm.nih.gov/pubmed/27721961
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5054138
http://dx.doi.org/10.5812/hepatmon.9248
http://dx.doi.org/10.5812/hepatmon.9248
http://www.ncbi.nlm.nih.gov/pubmed/23922564
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3734894
http://dx.doi.org/10.1111/liv.13299
http://www.ncbi.nlm.nih.gov/pubmed/28052624
http://dx.doi.org/10.1016/j.jhep.2017.11.012
http://www.ncbi.nlm.nih.gov/pubmed/29154966
http://dx.doi.org/10.1017/S1368980009991698
http://www.ncbi.nlm.nih.gov/pubmed/19807937
http://dx.doi.org/10.1001/jama.2018.14854
http://www.ncbi.nlm.nih.gov/pubmed/30418471
http://dx.doi.org/10.1155/2011/831536
http://www.ncbi.nlm.nih.gov/pubmed/21918648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171768
http://dx.doi.org/10.1016/j.ajg.2014.01.008
http://www.ncbi.nlm.nih.gov/pubmed/24630507
http://dx.doi.org/10.1111/j.1440-1746.2007.04952.x
http://www.ncbi.nlm.nih.gov/pubmed/17498218
http://dx.doi.org/10.5812/hepatmon.44962
http://dx.doi.org/10.4103/jfmpc.jfmpc_243_18
http://www.ncbi.nlm.nih.gov/pubmed/31041226
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6482810
http://dx.doi.org/10.1016/j.jhep.2014.11.034
http://www.ncbi.nlm.nih.gov/pubmed/25477264
http://dx.doi.org/10.1038/ajg.2013.349
http://www.ncbi.nlm.nih.gov/pubmed/24100261
http://dx.doi.org/10.3945/ajcn.110.007674
http://www.ncbi.nlm.nih.gov/pubmed/21367948
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3076656
http://dx.doi.org/10.1053/j.gastro.2009.01.048
http://www.ncbi.nlm.nih.gov/pubmed/19208352
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2677125
http://hepatmon.com


Keshani P et al.

44. doi: 10.2337/dc05-2565. [PubMed: 16732018]. [PubMed Central:
PMC2677812].

23. Sreenivasa Baba C, Alexander G, Kalyani B, Pandey R, Rastogi S,
Pandey A, et al. Effect of exercise and dietary modification on serum
aminotransferase levels in patients with nonalcoholic steatohepati-
tis. J Gastroenterol Hepatol. 2006;21(1 Pt 1):191–8. doi: 10.1111/j.1440-
1746.2005.04233.x. [PubMed: 16706832].

24. Lawlor DA, Sattar N, Smith GD, Ebrahim S. The associations of
physical activity and adiposity with alanine aminotransferase and
gamma-glutamyltransferase. Am J Epidemiol. 2005;161(11):1081–8. doi:
10.1093/aje/kwi125. [PubMed: 15901629].

25. Nguyen TA, Sanyal AJ. Pathophysiology guided treatment of nonal-
coholic steatohepatitis. J Gastroenterol Hepatol. 2012;27 Suppl 2:58–
64. doi: 10.1111/j.1440-1746.2011.07018.x. [PubMed: 22320918]. [PubMed
Central: PMC4900150].

26. European Association for the Study of the Liver; European Associa-
tion for the Study of Diabetes; European Association for the Study of
Obesity. EASL-EASD-EASO Clinical Practice Guidelines for the manage-
ment of non-alcoholic fatty liver disease. J Hepatol. 2016;64(6):1388–
402. doi: 10.1016/j.jhep.2015.11.004. [PubMed: 27062661].

27. Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis L,
Halpern Z, et al. Long term nutritional intake and the risk for non-
alcoholic fatty liver disease (NAFLD): A population based study. J
Hepatol. 2007;47(5):711–7. doi: 10.1016/j.jhep.2007.06.020. [PubMed:
17850914].

28. Glass LM, Dickson RC, Anderson JC, Suriawinata AA, Putra J, Berk BS,
et al. Total body weight loss of >/= 10 % is associated with improved
hepatic fibrosis in patients with nonalcoholic steatohepatitis. Dig
Dis Sci. 2015;60(4):1024–30. doi: 10.1007/s10620-014-3380-3. [PubMed:
25354830].

29. Omagari K, Kadokawa Y, Masuda J, Egawa I, Sawa T, Hazama
H, et al. Fatty liver in non-alcoholic non-overweight Japanese
adults: Incidence and clinical characteristics. J Gastroenterol Hep-
atol. 2002;17(10):1098–105. doi: 10.1046/j.1440-1746.2002.02846.x.
[PubMed: 12201871].

30. Fracanzani AL, Valenti L, Bugianesi E, Vanni E, Grieco A, Miele L, et
al. Risk of nonalcoholic steatohepatitis and fibrosis in patients with
nonalcoholic fatty liver disease and low visceral adiposity. J Hepatol.
2011;54(6):1244–9. doi: 10.1016/j.jhep.2010.09.037. [PubMed: 21145841].

8 Hepat Mon. 2019; 19(12):e95646.

http://dx.doi.org/10.2337/dc05-2565
http://www.ncbi.nlm.nih.gov/pubmed/16732018
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2677812
http://dx.doi.org/10.1111/j.1440-1746.2005.04233.x
http://dx.doi.org/10.1111/j.1440-1746.2005.04233.x
http://www.ncbi.nlm.nih.gov/pubmed/16706832
http://dx.doi.org/10.1093/aje/kwi125
http://www.ncbi.nlm.nih.gov/pubmed/15901629
http://dx.doi.org/10.1111/j.1440-1746.2011.07018.x
http://www.ncbi.nlm.nih.gov/pubmed/22320918
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4900150
http://dx.doi.org/10.1016/j.jhep.2015.11.004
http://www.ncbi.nlm.nih.gov/pubmed/27062661
http://dx.doi.org/10.1016/j.jhep.2007.06.020
http://www.ncbi.nlm.nih.gov/pubmed/17850914
http://dx.doi.org/10.1007/s10620-014-3380-3
http://www.ncbi.nlm.nih.gov/pubmed/25354830
http://dx.doi.org/10.1046/j.1440-1746.2002.02846.x
http://www.ncbi.nlm.nih.gov/pubmed/12201871
http://dx.doi.org/10.1016/j.jhep.2010.09.037
http://www.ncbi.nlm.nih.gov/pubmed/21145841
http://hepatmon.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Population
	3.2. Measurements
	3.3. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Figure 1
	Figure 2

	5. Discussion
	5.1. Demographic and Social Risk Factors of NAFLD Regression or Progression 
	5.2. Biochemical Parameters Associated with NAFLD Regression or Progression
	5.3. Dietary and Physical Activity Risk Factors Associated with NAFLD Regression or Progression
	5.4. Anthropometric Risk Factors Correlated to the NAFLD Regression or Progression
	5.5. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

