
Jundishapur J Chronic Dis Care. 2022 January; 11(1):e114541.

Published online 2021 December 20.

doi: 10.5812/jjcdc.114541.

Research Article

Prevalence of Metabolic Syndrome and Related Factors in Patients

with Non-alcoholic Fatty Liver

Mehrnoosh Zakerkish 1, *, Abolghasem Assarzadeh 1, Seyed Saeed Seyedian 2 and Alireza Jahanshahi 1

1Health Research Institute, Diabetes Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
2Department of Gastroenterology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

*Corresponding author: Health Research Institute, Diabetes Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran. Email: zakerkish-m@ajums.ac.ir

Received 2021 August 24; Revised 2021 November 09; Accepted 2021 November 10.

Abstract

Objectives: This study was designed to investigate the prevalence of metabolic syndrome in patients diagnosed with non-alcoholic
fatty liver disease (NAFLD) referring to the gastrointestinal and endocrinology clinics of Golestan and Imam Khomeini Hospitals,
Ahvaz.
Methods: The current cross-sectional study was performed on patients with NAFLD referring to the gastroenterology and en-
docrinology clinics of Golestan and Emam Khomeini hospitals, Ahvaz in the second half of 2020. Demographic information in-
cluded age, gender, lumbar posture (while standing and the waist be in the upper edge of the iliac crest at the end of a normal
exhalation using a non-elastic meter), grading fatty liver evidenced by ultrasound, and blood pressure and laboratory parameters,
including triglyceride (TG), fasting blood sugar (FBS), and high-density lipoprotein (HDL) was recorded in the checklist. Data analy-
sis was performed using SPSS 26.0 software.
Results: This study was performed on 130 patients with an average age of 46.22 ± 14.27 years. Patients comprised 42 men (32.8%)
and 88 women (67.2/%). Also, 63.84% of the patients with NAFLD had metabolic syndrome, and 56.2, 69.6, and 81.8% with grades 1, 2,
and 3 of fatty liver, respectively had metabolic syndrome. There was a significant difference in terms of mean height and weight in
both gender. There was a significant relationship between age and FBS, so that the levels of FBS increased statistically significantly
with age (P < 0.05). Gender had a statistically significant relationship with HDL and waist circumference (P = 0.038). There was no
statistically significant relationship between blood pressure, TG, HDL, FBS, and waist circumference, and different grades of fatty
liver (P > 0.05).
Conclusions: The current study showed a significant number of patients with NAFLD had metabolic syndrome, so that the most
common symptom of metabolic syndrome was low HDL levels, followed by high FBS levels, blood pressure, and TG levels and waist
circumference size. Nevertheless, it was not probable to assess whether NAFLD precedes the progress of metabolic syndrome.
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1. Background

The liver is a critical organ in the human body that
is responsible for several physiological processes, such as
making proteins, blood clotting factors, metabolism of
carbohydrates, lipids, and proteins, blood volume main-
tenance, boosting the immune system, regulation of the
growth hormone receptor signaling pathway, homeosta-
sis of cholesterol and lipid, glycogen synthesis, bile pro-
duction, and the breakdown of xenobiotic compounds (1).
Non-alcoholic liver disease (NAFLD) refers to liver abnor-
malities, including simple steatosis or non-alcoholic fatty
liver to non-alcoholic steatohepatitis (NASH) with or with-
out cirrhosis progress (2). The current meaning of NAFLD
does not need secondary hepatic fat accumulation, such as

significant alcohol consumption, use of steatogenic med-
ication, or hereditary disorders (3). Numerous studies
have independently shown a robust relationship between
NAFLD and each feature of metabolic syndrome (MetS).
All guidelines currently approve that NAFLD is stringently
linked to metabolic risk factors, particularly obesity, type
2 diabetes mellitus (T2DM), and dyslipidemia. However, it
has been recommended that NAFLD shares many features
of the MetS (2, 4).

NAFLD is one of the most common chronic liver dis-
eases and is a term used to describe all diseases associated
with the accumulation of too much fat in the liver cells
(5). NAFLD progresses slowly and can develop into liver cir-
rhosis, liver failure, and hepatocellular carcinoma (HCC).
NAFLD is the term for a range of mild liver disease caused
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by a build-up of fat in the liver that leads to a chronic and
irreversible disease called cirrhosis (6). In a group of fatty
liver patients similar to those who consume alcohol, liver
cell damage occurs, but in these patients, there is no his-
tory of alcohol consumption. There was no evidence of
other liver cell diseases in these patients, but it was ob-
served that 82% of them were obese, 50% of them had hy-
perlipidemia, and 50% were diabetics (7). Based on the sen-
sitivity of the imaging method, the incidence and preva-
lence NAFLD varies in different studies. In most cases, the
disease is asymptomatic and is detected accidentally by ob-
serving high levels of liver enzymes in blood tests or ab-
dominal ultrasound performed for other reasons (8). How-
ever, some patients rarely complain of vague pain in the
upper and right abdomen or a feeling of premature fa-
tigue (9). Obesity is one of the most important diseases
associated with fatty liver. Body mass index (BMI) and
waist circumference (WC) are widely used anthropomet-
ric measures to assess the effects of obesity on risk factors
for MetS and NAFLD (10). Unlike WC and BMI, waist-to-hip
ratio (WHR) and waist-to-height ratio (WHtR) values have
advantages without the need for population-specific refer-
ence tables or changes in body composition with growth
and development. Therefore, WHR is more strongly related
to abdominal obesity than BMI, and WHR is strongly re-
lated to visceral adipose tissue (VAT) (11). Hyperlipidemia
is another factor of fatty liver disease, and appropriate
treatment of hyperlipidemia leads to a reduction in the
process of destruction of liver cells in fatty liver disease
(12). MetS is as a concordance of cardiovascular risk fac-
tors associated with obesity, including abdominal obesity,
impaired glucose intolerance, hypertriglyceridemia, low
high-density lipoprotein (HDL) cholesterol, and/or hyper-
tension (13). Patients with this syndrome have an enhanced
risk of developing cardiovascular disease and/or type 2 di-
abetes. Obesity and inactivity are the major environmen-
tal factors to develop MetS (14). Numerous factors cause
MetS, especially insulin resistance, adipose tissue dysfunc-
tion, chronic inflammation, oxidative stress, circadian dis-
ruption, microbiota, genetic factors, maternal program-
ming, rapid urbanization, nutritional factors, inactivity,
social, economic, and cultural factors, and psychosocial
stresses (15). Although the underlying physiopathological
cause of this syndrome is unknown, strong evidence sug-
gests that insulin resistance is the leading cause of MetS
(16). The definition of NCEP ATP III is one of the most ex-
tensively used criteria for MetS. The NCEP/ATP III criteria for
diagnosing MetS are as follows (diagnosed when three or
more are present): (1) WC greater than 40 inches (males) or
35 inches (females); (2) blood pressure greater than 130/85
mmHg; (3) fasting triglyceride (TG) levels greater than 150
mg/dL; (4) fasting HDL cholesterol level 40 mg/dL (men) or

50 mg/dL (women); and (5) fasting blood sugar (FBS) more
than 100 mg/dL (17).

2. Objectives

The purpose of this study was to assess the frequency
of MetS in patients with NAFLD referring to the gastroen-
terology and endocrinology clinics of Golestan and Emam
Khomeini hospitals of Ahvaz in 2021.

3. Methods

The current research was an analytical cross-sectional
study conducted on patients with fatty liver referring
to the gastroenterology and endocrinology clinics of
Golestan and Emam Khomeini hospitals of Ahvaz in the
second half of 2020. According to a study by Fattahi et al.
(18) and considering the prevalence rate of 65%, the sample
size was calculated based on the following formula:

n =

(
Z1−α

2
+ Z1−β

)2
pq

d2
=

(1.96 + 1.64)20.65 × 0.35

(0.15)2
= 130

A non-probability convenient sampling method was
used. In this study, all the provisions of the ethics state-
ment in Helsinki Declaration and the principles of confi-
dentiality of patient information were considered. Inclu-
sion criteria were the age of over 18 years and diagnosis
non-alcoholic fatty liver based on ultrasound. Exclusion
criteria included alcohol and drug users, users of drugs
with liver side effects, such as amiodarone and tamoxifen,
pregnant women, patient with known liver disease, and a
positive history for HCV, HBC, or HIV, and history of cirrho-
sis and other liver diseases. After confirming the inclusion
and non-exclusion criteria, NAFLD patients were selected,
and all demographic information, including age, gender,
lumbar posture (patient standing and waist in the upper
edge of the iliac crest at the end of a normal exhalation us-
ing a non-elastic meter), grading fatty liver by ultrasound,
as well as the patients’ blood pressure was extracted from
the patients’ records in the hospital and written in the
checklist. Then patients were referred to the laboratory for
a blood test (after 12 hours of fasting) to assess TG, FBS, and
HDL. In the end, clinical and demographic characteristics
of the patients were recorded and statistically analyzed.

3.1. Ethics

This study was approved by the Ethics Committee of
the Jundishapur University of Medical Sciences, Ahwaz
(IR.AJUMS.HGOLESTAN.REC.1399.135). Each patient signed
the informed consent.
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3.2. Statistical Analysis

The data analysis was carried out by SPSS Version 22
(IBM). The normal distribution of the quantitative data
was checked using the Kolmogorov-Smirnov test. The rela-
tionship between qualitative variables was assessed by chi-
square or Fisher’s exact tests, while the Pearson correlation
coefficient was used to assess the relationship between
quantitative variables. Quantitative values were compared
between the two groups using an independent t-test and
more than two groups using one-way analysis of variance
(ANOVA) or its nonparametric equivalent. A P-value < 0.05
was considered statistically significant.

4. Results

This study was performed on 130 patients with an aver-
age age of 46.22± 14.27 years. Patients were 42 men (32.8%)
and 88 women (67.2/%). Descriptive characteristics of the
study variables are presented in Table 1.

Table 1. Descriptive Characteristics of the Study Variables a

Variables Values

Age 46.22 ± 14.27

Gender

Woman 88 (67.2)

Men 42 (32.8)

Non-alcoholic fatty liver grading

Grade 1 73 (56.2)

Grade 2 46 (35.4)

Grade 3 11 (8.5)

Weight 88.67 ± 19.00

Height 165.11 ± 13.12

BMI 31.78 ± 6.60

Waist 105.54 ± 17.24

BP 132.74 ± 20.14

FBS 123.14 ± 48.25

TG 223.12 ± 103.66

HDL 49.22 ± 39.31

a Values are expressed as mean ± SD or No. (%).

The chi-square test showed that there was a significant
difference between gender and fatty liver. Men are more
at the risk for grade 2, and women are more at grade 1 of
fatty liver. Patients with grade 3 were older than the other
two grades. There was a statistically significant difference
between age groups based on fatty liver grade (P = 0.026,

Table 2), while there was not a statistically significant dif-
ference between BMI groups based on fatty liver rating (P =
0.98, Table 3).

Women had a longer history of diabetes than men.
But the mean age in the diabetic group was significantly
higher than the non-diabetic group (P = 0.002).

There was a statistically significant difference between
the two genders in terms of mean height and weight, while
other variables had statistically equal means in both gen-
ders. Men’s weight and height were significantly higher
than women. There was a significant difference between
age and FBS where the level of FBS increased significantly
with age. It was also obvious that height decreased with
age.

The results of chi-square test showed a statistically sig-
nificant between both genders regarding HDL and WC (P
= 0.038). The t-test results showed that the mean age was
significantly higher in patients with FBS below 100 mg/dL
and blood pressure over 130 mm Hg. Also, the ANOVA re-
sults showed a significant age difference between patients
with different degrees of MetS (P < 0.05). The relationship
between between gender and MetS markers is shown in Ta-
ble 4.

There was no statistically significant difference be-
tween BP, TG, HDL, FBS, and WC and different grades of fatty
liver (P > 0.05). No significant difference was observed
between MetS and fatty liver grade (P > 0.05). However,
in grades 1 and 2, the number of patients with MetS was
higher and in grade 3, all patients had MetS (Table 5).

In men, there is no statistically significant difference
between fatty liver grade and MetS and its markers (P >
0.05). In women, however, there was a statistically signif-
icant difference between fatty liver grade and MetS and its
markers (P < 0.05).

The results of this study showed that the history of di-
abetes was higher in women than men, but this difference
was not statistically significant (P = 0.761). The mean age in
the diabetic group was significantly higher than the non-
diabetic group (P = 0.02).

5. Discussion

In this study, 63.84% of the patients with NAFLD had
MetS. Also, 56.2% of patients with grade 1 fatty liver had
MetS, and 54.8% of patients with grade 1 fatty liver had high
blood pressure, 58.9% had high FBS, 32.9% had high TG lev-
els (above 150), 57.5% had low HDL, and 19.2% had high WC.
In addition, 69.6% of patients with grade 2 fatty liver had
MetS. In patients with grade 2 fatty liver, 43.5% had high
blood pressure, 54.3% had high blood sugar, 15.2% had high
TG levels, 56.5% had low HDL, and 73.9% had high WC. Also,
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Table 2. The Relationship Between Age and Fatty Liver Grade

Variables No. Mean ± SD Min Max P-Value

Grade 1 73 47.2740 ± 15.12564 17.00 79.00

0.02606
Grade 2 46 43.7826 ± 13.29146 20.00 75.00

Grade 3 11 49.3636 ± 12.45209 29.00 67.00

Total 130 46.2154 ± 14.31538 17.00 79.00

Table 3. The Relationship Between BMI and Fatty Liver Grade

Variables No. Mean ± SD Min Max P-Value

Grade 1 73 31.44 ± 9.79 20.32 96.12

0.98
Grade 2 46 33.61 ± 7.64 21.36 52.69

Grade 3 11 33.55 ± 5.56 25.65 46.14

Total 130 31.78 ± 6.60 20.32 96.12

Table 4. The Relationship Between Gender and Different Levels of Metabolic Syndrome Markers a

Variables Woman Men P-Value

BP 0.464

Above 130 45 (51.1) 19 (44.2)

Under 130 43 (48.9) 24 (55.8)

FBS 0.852

Above 100 50 (56.8) 23 (53.5)

Under 100 38 (43.2) 20 (46.5)

TG 0.999

Above 150 22 (25.0) 11 (25.6)

Under 150 66 (75.0) 32 (74.4)

HDL 0.038

Above 50/40 31 (35.2) 24 (55.8)

Under 50/40 57 (64.8) 19 (44.2)

Waist < 0.001

Above 102/88 10 (11.4) 18 (41.9)

Under 102/88 78 (88.6) 25 (58.1)

Number of symptoms metabolic syndrome 0.678

0 1 (1.1) 2 (4.7)

1 9 (10.2) 6 (14.0)

2 19 (21.6) 11 (25.6)

3 21 (23.9) 10 (23.3)

4 18 (20.5) 8 (18.6)

5 20 (22.7) 6 (14.0)

Metabolic syndrome 0.248

No 29 (33.0) 19 (44.2)

Yes 59 (67.0) 24 (55.8)

a Values are expressed as No. (%).
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Table 5. The Relationship Between Metabolic Syndrome and Symptoms and Fatty Liver Grade

Variables Grade 1 Grade 2 Grade 3 P-Value

BP 0.367

Above 130 40 (54.8) 20 (43.5) 4 (36.4)

Under 130 33 (45.2) 26 (56.5) 7 (63.6)

FBS 0.661

Above 100 43 (58.9) 25 (54.3) 5 (45.5)

Under 100 30 (41.1) 21 (45.7) 6 (54.5)

TG 0.097

Above 150 24 (32.9) 7 (15.2) 2 (18.2)

Under 150 49 (67.1) 39 (84.8) 9 (81.8)

HDL 0.929

Above 50/40 31 (42.5) 20 (43.5) 4 (36.4)

Under 50/40 42 (57.5) 26 (56.5) 7 (63.6)

Waist 0.690

Above 102/88 14 (19.2) 12 (26.1) 2 (18.2)

Under 102/88 59 (80.8) 34 (73.9) 9 (81.8)

Number of symptoms metabolic syndrome 0.398

0 2 (2.7) 1 (2.2) 0 (0.0)

1 9 (12.3) 5 (10.9) 1 (9.1)

2 21 (28.8) 8 (17.4) 1 (9.1)

3 14 (19.2) 12 (26.1) 5 (45.5)

4 15 (20.5) 11 (23.9) 0 (0.0)

5 12 (16.4) 9 (19.6) 4 (36.4)

Metabolic syndrome 0.141

No 32 (43.8) 14 (30.4) 2 (18.2)

Yes 41 (56.2) 32 (69.6) 9 (81.8)

81.8% of patients with grade 3 fatty liver had MetS. In pa-
tients with grade 3 fatty liver, 36.4% had high FBS, 45.5% had
high TG levels, 18.2 - 63.6% had low HDL levels, and 81.8%
had high WC. There was a significant difference between
gender and fatty liver. The results showed a significant dif-
ference between age and three grades of fatty liver. There
was a significant difference in terms of mean height and
weight in both genders. Also, there was a statistically sig-
nificant difference between both genders regarding HDL
and WC. In women, however, there was a statistically sig-
nificant difference between fatty liver grade and MetS and
its markers.

Further studies have shown the rate of MetS to be 10
- 30% in Taiwan, Japan, India, the United States, Europe,
and Indonesia. Furthermore, the prevalence of MetS in
NAFLD patients ranged from 61 to 65% according to CCD-
MIA and NCEP/ATPIII, respectively, which was 1.8 - 3.1 times

higher than in previous reports. This is moderately higher
than that reported by Uchil et al. among Indian adult pa-
tients with NAFLD (47%) (19). In general, the prevalence of
MetS varied significantly between studies depending on
the population studied and the diagnostic criteria used
(18).

In the study by Fakhrzadeh et al. (2004), the raw preva-
lence of MetS in the study population was 29.9% and the
most common metabolic disorders were high TG levels
and high blood pressure, followed by high WC, low HDL lev-
els, and high FBS. In the mentioned study, the only criterion
that had a significant relationship with gender was WC,
which was significantly more common in women, while in
our study, high WC and low HDL levels had a significant re-
lationship with gender (20). In this study, there was a sig-
nificant relationship between blood pressure (above 130
mm Hg and below 130 mm Hg) and high FBS and age, but
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in the present study, the only variable related to age was
an increase in FBS. The mean age of patients with no symp-
toms of MetS was 24.33 years, and the mean age of those
who had all five symptoms of MetS was 51.80. Finally, in
term of age, there was no statistically significant difference
between patients with MetS than patients without MetS,
while in our study, the only age-related variable was high
FBS. Also, there was no statistically significant difference
between patients regarding weight at different ages, but
there was a significant difference in height and BMI at dif-
ferent ages. FBS and HDL levels were significantly different
at different ages. Other factors were not significantly asso-
ciated with age.

In the present study, regarding the history of underly-
ing disease in patients based on age, it was vary according
to the age of patients. There was no significant difference
between patients in terms of the age of onset of high blood
lipids. There was a statistically significant relationship be-
tween the drugs used for diabetes and having diabetes at
different ages.

Amiri and Hakimi (21) showed that the prevalence of
MetS among nurses in Bandar Abbas was 11.67%. However,
in different studies, this percentage is very different. There-
fore, it can be said that different prevalence rates of MetS
in different regions can be due to different lifestyles, eat-
ing patterns, and environmental and genetic factors. In
the mentioned study, the prevalence of MetS was higher
in men than women, so that its prevalence was 23.52% in
men and 10.55% in women. They indicated that MetS had
no significant relationship with age, gender, type of job,
and work shift and reported only a significant relationship
between MetS and BMI.

A meta-analysis by Maleki et al. reported that at least
one-fifth of the population of Iran have MetS, and the over-
all prevalence of MetS in Iran was 21.1% (22). It reported
a lower rate compared to the prevalence of MetS in the
United States (34%) as well as some European countries
(23%). But the prevalence of MetS in Iran was higher com-
pared to East Asia. They demonstrated that the prevalence
of MetS is higher in women than men, but this difference
was no statistically significant. Mabry et al. (23) reported
that the prevalence of MetS was higher in women com-
pared to men in some countries of the Persian Gulf.

Recently, Paudel et al. (2019) assessed the prevalence
MetS in 385 patients with NAFLD based on NCEP-ATPIII cri-
teria and reported it to be 57.6%. They showed that at least
one component of MetS was found in 91.4% of patients with
radiological features of fatty liver. The largest proportion
of NAFLD patients were men. Increased lumbar circumfer-
ence after HDL levels were the most common component
of MetS in NAFLD patients (24).

However, a similar study in Australia reported a higher

prevalence of MetS in men than women (25). In our study,
the higher prevalence of MetS in women with fatty liver dis-
ease may be due to the greater prevalence of obesity and
inactivity in Iranian women. In addition, most of the pa-
tients who had been referred to this hospital were possibly
unemployed women. They spend longer periods of time at
home and consequently, eat more foods and are less active.
Consistent with our results, a review study demonstrated
that the greatest condition in the studied population was
the low HDL cholesterol levels (prevalence: 59.7%). Low HDL
cholesterol levels in Iran may be related to lifestyle pat-
terns, such as unhealthy diet, physical inactivity, genetic
factors, such as mutations in the CETP locus, and increased
hepatic lipase production. Also, in this review study, the
second most frequent condition was hypertriglyceridemia
followed by central obesity and hypertension. The preva-
lence of FBS in this study was the lowest among the com-
ponents of MetS, which contradicts with our results.

Mazloomzadeh et al. (2018) in Iran showed that the
prevalence of MetS increases with age. In this study, the
prevalence of the syndrome was 23.8% in patients over 20
years of age and 10.9% in those under 20 years of age, which
was different from the results of our study because, in term
of age, there was no statistically significant difference be-
tween patients with MetS compared to patients without
MetS (26). Ervin in the United States (2009) showed that
34% of adults had MetS. On the other hand, he reported
that the probability of MetS increases with age and BMI,
but race and ethnicity had no significant effect on the
prevalence of MetS (27). Patton et al. in the United States
(2011) reported that the prevalence of MetS was 25.6%. Also,
the most common symptoms were central obesity and hy-
pertension, which contradicted the results of the present
study. In this study, they indicated that only 13.5% of chil-
dren had no feature of MetS, and the majority of them
(77.2%) had one to three features of this syndrome (28). The
potential cause of fatty liver disease and MetS may be in-
sulin resistance or oxidative stress. Mechanisms of action
of the insulin are one of hypotheses that leads to TG accu-
mulation in the liver cells (29, 30). Peripheral insulin re-
sistance leads to an increase in insulin levels in the blood,
which by regulating lipogenic factors and increasing the
entry of free fatty acids into the liver due to the loss of
insulin-sensitive lipase inhibition, increases the entry and
invasion of free fatty acids into the liver cells (31, 32). The
prevalence of MetS in different studies varies according to
the studied samples and the widely used diagnostic crite-
ria. Fattahi et al. (2016) in Iran showed no difference be-
tween men and women in terms of the prevalence of MetS
in patients with NAFLD, but the prevalence of NAFLD was
higher in men than women, which contradicts the results
of the present study. The prevalence of NAFLD in this study
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was 25.7%, and the prevalence of MetS in these patients
was reported to be 61 - 65%. In this study, hyperglycemia
and abdominal obesity were very common in patients with
NAFLD and MetS (18). Numerous studies have shown that
MetS and insulin resistance are highly involved in NAFLD
(7, 33, 34).

5.1. Conclusions
The present study indicated a considerable number of

patients with NAFLD had MetS so that the most common
symptom of MetS was low HDL levels, followed by high FBS
levels, high blood pressure, and high TG levels, and high
WC size. Nevertheless, it was not possible to determine
whether NAFLD predates the development of MetS.
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