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Abstract

Background: Insulin resistance can be a predictor of adverse fatty liver disease and health problems.
Objectives: The present study aimed to investigate the effect of insulin resistance on fatty liver disease.
Methods: This study used the data of 2,160 individuals registered in a cross-sectional study who were randomly selected from among
clients of a nutrition clinic in Tehran from April to December 2019. Insulin resistance and beta-cell activity were calculated by the
homeostasis model assessment formula. The study outcome was defined as having fatty liver disease. The odds ratio (95% CI) was
calculated using logistic regression models.
Results: The mean age was 35 (± 9) in healthy subjects and 49 (± 8) in fatty liver disease patients (age range: 16 to 42 years). Nearly
34.5% of the individuals had fatty liver disease. According to the adjusted results of the logistic regression model, the risk of NAFLD
was 1.05 (P < 0.001) for one unit increase in fasting insulin and 1.01 (P < 0.001) for one unit increase in 2-h insulin, which indicated
the statistically significant relationship of NAFLD with fasting insulin and 2-h insulin. Also, the risk of NAFLD was 1.01 P < 0.001) for
one unit increase in FPG, which was statistically significant. Moreover, the adjusted risk of NAFLD was 1.00 (P < 0.001) for one unit
increase in 2-h glucose, which was not statistically significant. Finally, the adjusted risk of NAFLD was 1.29 (P < 0.001) for one unit
increase in HOMA-IR, which was statistically significant.
Conclusions: The findings of the present study demonstrated that insulin resistance could increase the risk of fatty liver disease.
Also, each one-unit increase in fasting blood sugar, fasting insulin, and 2-h insulin increased the risk of fatty liver disease. Therefore,
the results of this study may be useful for health policymakers to design suitable preventive and therapeutic interventions for those
with NAFLD to prevent and control this disease.
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1. Background

The liver is one of the most important organs in the

body, which is responsible for the detoxification of drugs,

production of blood coagulation factors, glycogen storage,

and regulation of glucose and fat metabolism. In addition,

the liver plays an essential role in the uptake of fat and the

defense against microbes and toxins absorbed via foods

(1). The importance of fatty liver disease (FLD) is due to the

degradation of liver cells, which can lead to cirrhosis if not

timely diagnosed and properly treated (2). Fatty liver dis-

ease encompasses a range of mild liver diseases in which

the fat accumulates within liver cells, which may progress

to the inflammation of liver cells in some patients over

time, leading to a chronic, irreversible liver disease called

cirrhosis (3). The high prevalence of fatty liver is associ-

ated with obesity and metabolic syndrome (4). Fatty liver

disease imposes a high clinical and economic burden and

is the second leading cause of liver transplantation in the

USA (5).

The prevalence of Non-alcoholic fatty liver disease
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(NAFLD) in the general population is estimated at 2.5%, but

its incidence is even higher in some parts of the world, as

well as in some patients (6). Non-alcoholic fatty liver dis-

ease, the most common chronic liver disease worldwide,

affects about 30% and 25% of people in Western and Asian

countries, respectively (7). The prevalence of NAFLD in Iran

is reported to be 2.9% - 7.1% in the general population (8).

However, according to the results of previous studies, the

prevalence of NAFLD is 59.8% in patients with type 2 dia-

betes mellitus (9).

The prevalence of NAFLD is related to a variety of fac-

tors, including age, sex, ethnicity, sleep apnea, and en-

docrine system disorders (e.g., hypothyroidism, hypopitu-

itarism, hypogonadism, and polycystic ovary syndrome)

(10). Besides, risk factors such as obesity, diabetes, hy-

perlipidemia, insulin resistance (IR), oxidative stress, and

metabolic syndrome play important roles in the pathogen-

esis of this disease (11).

The association of high blood pressure, hyperlipi-

demia, obesity, and diabetes (all of which are the com-

ponents of the metabolic syndrome) has been observed

with fatty liver disease (12). Therefore, researchers have

suggested FLD as the hepatic presentation of insulin resis-

tance or metabolic syndrome (6). In other words, fatty liver

disease can be an indication of insulin resistance, which

is why the early diagnosis and appropriate treatment of

FLD prevent damage to liver cells and major cardiovascular

complications that are the most important causes of mor-

tality in these patients (13, 14). Fatty liver disease has detri-

mental effects on patient’s health and the economy of the

country. Previous studies have shown that FLD, together

with type II diabetes and insulin resistance, is associated

with a higher risk of death (2). There are limited studies on

FLD in Iran (15), and there is a lack of a consensus regarding

the relationship between insulin resistance and fatty liver

disease (16-18).

2. Objectives

This study aimed to investigate the correlation be-

tween insulin resistance and FLD in a random population

at a hospital affiliated to Shahid Beheshti University of

Medical Sciences in 2019.

3. Methods

3.1. Subjects and Study Design

The present research was a cross-sectional, field, and

laboratory study. It was part of a larger project, and

the study sample was randomly selected from among the

clients of a university-affiliated nutrition consolidation

center. At least 2,160 subjects in the age range of 20 - 60

years with an alcohol intake of < 20 grams per day for

women and < 30 grams per day for men (to ensure no

alcoholic fatty liver) were recruited from April to Decem-

ber 2019, and informed consent was obtained from all of

them upon entry into the study. The questionnaires re-

quired for the study were completed by the subjects and

collected at baseline. Subsequently, the participants were

introduced to the Central Laboratory of Shahid Beheshti

University School of Nutrition to donate blood samples.

The inclusion criterion was the willingness to participate

in the project, and the exclusion criteria were the presence

of diseases affecting the patient’s metabolic status such as

cancer, confirmed diabetes, hepatic disease, thyroid disor-

ders, and consumption of chemotherapy, lipid-lowering,

or diabetes drugs.

3.2. Ethics Approval and Consent to Participate

The study protocol followed the Helsinki Decla-

ration and was confirmed by the Fasa University of

Medical Sciences’ Ethics Committee (approval code:

IR.FUMS.REC.1398.091). The participants were informed of

the objectives of the research, and written informed con-

sent was obtained from them before starting the survey.

The study was supported by the Fasa University of Medical

Sciences (grant no.: 97193).

3.3. Clinical Measurements

The subjects were introduced to the central labora-

tory of Shahid Beheshti University of Medical Sciences for

the measurement of laboratory parameters. After 12-h

fasting, 10 mL of peripheral blood was taken in a sterile

tube without anticoagulants to measure fasting blood glu-

cose, fasting insulin, alanine aminotransferase (ALT), as-

partate aminotransferase (AST), and alanine aminotrans-

ferase (ALP) enzymes, low-density lipoprotein (LDL), high-

density lipoprotein (HDL), triglyceride (TG), and total

cholesterol, as well as evaluate biochemical parameters us-

ing the calorimetric method in the laboratory. Immedi-

ately after sampling, the blood samples were transferred

to the laboratory in ice bags (4°C). The serum samples were

centrifuged at 2,500 rpm for 6 - 8 minutes to measure the

mentioned parameters. Also, 2-h insulin and 2-h fasting

blood glucose were assessed after two hours of baseline

fasting and consumption of 75 g glucose (OGTT) by taking

new blood samples from the participants. Besides, fasting

plasma glucose (FPG) and 2-h glucose were measured two
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hours after the meal by the enzymatic assay (Pars Azmun

commercial kits), and the insulin concentration was eval-

uated by ELISA.

3.4. Method for Calculating Insulin Resistance and Beta Cell

Function

Insulin resistance and beta-cell activity were calculated

by the Homeostasis model assessment (HOMA) formula, in

which HOMA2-IR is used to evaluate insulin resistance, and

HOMA2-IB represents beta cell activity, as follows:

HOMA2− IR

=
Glucose

(
mg
dL

)
× Insulin

(
mU
mL

)
405

andHOMA− β

=
360× Insulin

(
mU
mL

)
Glucose

(
mg
dL

)
− 63

%

(1)

Transient elastography was performed with FibroScan

(Echosens, Paris, France) (19) using a standard probe

(named the M probe) by an individual sonographer. The fat

in the liver was measured by the appropriate controlled at-

tenuation parameter (CAP) with decibels per meter (dB/m)

units (20). The CAP scores of lower than 238 dB/m indicated

S0 steatosis grade with 0 to 11% extent of fat in the liver, de-

fined as a normal liver. The CAP scores of 238 - 260 dB/m

were defined as mild fatty liver with S1 steatosis grade and

11% to 33% extent of fat in the liver. The CAP scores of 260

- 293 dB/m were defined as a moderate fatty liver with S2

steatosis grade and 33 to 66% extent of fat in the liver. The

CPA scores of more than 293 dB/m indicated S3 steatosis

grade and above 66% extent of fat in the liver, defined as

a severe fatty liver.

3.5. Anthropometric Parameters

Weight, height, and waist circumference were calcu-

lated by a trained person. Participants’ height was mea-

sured by a stadiometer at 0.1 cm precision, and their

weight was determined using a digital scale with 0.1 kg pre-

cision (Seca 767, Japan). After measuring the height and

weight of participants, their body mass index (BMI) was

calculated by dividing the weight (kg) by the square of

height (m2). Waist circumference (cm) was determined by

measuring the widest area between the lower edge of the

lowest rib and the iliac crest.

3.6. Data Collection

The demographic information questionnaire was de-

veloped through a review of previous studies and included

variables considered in the majority of relevant inves-

tigations. Demographic data such as gender, age, and

menopause, as well as smoking, were collected by the ques-

tionnaire. Furthermore, the physical activity assessment

was completed by the abridged and validated form of the

International Physical Activity questionnaire (IPAQ) and

reported as the metabolic equivalent per week (MET-min/

Week) per minute (21).

3.7. Statistical Analysis

Tables, percentages, mean, and standard deviation

were used for descriptive statistics. In the analytical statis-

tics section, the odds ratio was computed by the logistic

regression model. The chi-square test was used to test the

correlation between variables. Finally, the receiver operat-

ing characteristic (ROC) curves were used to identify the

ability of FPG, fasting insulin, 2-h glucose, 2-h insulin, and

Homeostasis model of insulin resistance (HOMA-IR) to di-

agnose patients with NAFLD. We selected 30% of the data

randomly and calculated the cutoff points for this sample

and the total data. The maximum Youden Index (sensitivity

+ specificity - 1) was used to define the optimal cutoff value

of the independent variables. A two-tailed P < 0.05 was

considered statistically significant. All the analyses were

performed using SPSS version 20 software at a significance

level of 5%.

4. Results

The mean age was 35 ± 9 in healthy subjects and 49

± 8 in NAFLD patients. Participants with NAFLD had a

higher mean BMI, waist circumference, FPG, fast insulin,

2-h glucose, 2-h insulin, HOMA-IR, Homeostatic model as-

sessment of β cell function (HOMA-B), LDL, TG, total choles-

terol, ALT, and AST than healthy subjects. The participants

with NAFLD also had higher systolic blood pressure (13.09

vs. 12.47, P < 0.001) and diastolic blood pressure (8.84 vs.

8.04 mg/dL, P < 0.001) than those without NAFLD. However,

the NAFLD group had lower HDL (38.88 vs. 48.18, P < 0.001),

physical activity (18.3 vs. 24.090, P < 0.001), and smokers

(16.8% vs. 17%, P < 0.001). The baseline characteristics of

the study subjects in sex groups are shown in Table 1. Out

of 10,000 visitors to the clinic, 2,500 participants were se-

lected, of whom 340 were excluded, and finally, 2,160 par-

ticipants remained for analysis (Figure 1).

By univariate analysis, there were positive associations

between NAFLD and FPG (OR = 1.09) and abnormal 2-h glu-

cose (OR = 1.03). Also, there were associations between

NAFLD and fasting insulin (OR = 1.38) and 2-h insulin (OR =
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Table 1. Demographic and Basic Information of the Participants in Sex Groupsa

Male (N = 1103) Female (N = 1057) P-Value Total

Age, y 39 ± 10 41 ± 11 < 0.001 40 ± 11

Weight, kg 84.34 ± 13.30 88.03 ± 14.53 < 0.001 86.15 ± 14.04

BMI, kg/m2 26.70 ± 4.50 27.99 ± 4.81 < 0.001 27.33 ± 4.70

Waist circumference, cm 100.66 ± 15.73 107.38 ± 19.85 < 0.001 103.95 ± 18.17

Physical activity, MET/24 h 23.9 ± 5.9 21.3 ± 5.3 < 0.001 22.6 ± 5.8

Energy, kcal 2469.81 ± 443.79 2521.26 ± 450.10 < 0.001 2494.99 ± 447.53

FPG, mg/dL 104.75 ± 15.44 107.12 ± 16.74 < 0.001 105.91 ± 16.13

Fast insulin, µU/mL 9.82 ± 4.56 10.66 ± 4.67 < 0.001 10.23 ± 4.63

Two-hour glucose, mg/dL 117.35 ± 20.14 123.77 ± 20.90 < 0.001 120.49 ± 20.76

Two-hour insulin, µU/mL 46.28 ± 14.45 44.16 ± 13.83 < 0.001 45.24 ± 14.18

HOMA-IR 1.03 ± 0.28 0.99 ± 0.25 < 0.001 1.01 ± 0.27

HOMA-B 71.75 ± 16.83 72.28 ± 18.12 0.480 72.01 ± 17.47

Systolic blood pressure, mmHg 12.48 ± 1.65 12.90 ± 1.66 < 0.001 12.68 ± 1.66

Diastolic blood pressure, mmHg 8.25 ± 1.08 8.38 ± 1.06 < 0.001 8.31 ± 1.07

LDL, mg/dL 100.20 ± 18.54 101.05 ± 18.55 0.284 100.61 ± 18.55

HDL, mg/dL 44.10 ± 8.56 45.88 ± 9.05 < 0.001 44.97 ± 8.84

TG, mg/dL 190.49 ± 28.53 202.01 ± 28.20 < 0.001 196.13 ± 28.94

Total cholesterol, mg/dL 182.23 ± 19.96 183.19 ± 18.28 0.246 182.70 ± 19.16

ALT, IU/L 44.33 ± 16.48 48.84 ± 16.19 < 0.001 46.53 ± 16.49

AST, IU/L 36.07 ± 14.88 40.63 ± 16.23 < 0.001 38.30 ± 15.72

GGT, IU/L 28.72 ± 13.24 27.65 ± 12.40 0.052 28.20 ± 12.84

Smoking

Yes 193 (17.5) 172 (16.3) 0.914 365 ± 16.9

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase;
HOMA-IR, Homeostasis model of insulin resistance; HOMA-β, Homeostatic model assessment of β cell function; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; TG, triglyceride.
aValues are expressed as mean ± SD or No. (%).

1.07). In addition, there was an association between NAFLD

and HOMA-IR (OR = 48.30).

The logistic regression model indicated that after the

adjustment for confounding variables, the risk of NAFLD

was 1.01 (95% CI: 1.00 - 1.02) for one unit increase in FPG,

which was statistically significant. According to the ad-

justed results of the logistic regression model, the risk of

NAFLD was 1.05 (95% CI: 1.00 - 1.10) for one unit increase in

fasting insulin, and 1.01 (95% CI: 1.00 - 1.02) for one unit in-

crease in 2-h insulin, which indicated a statistically signif-

icant relationship between NAFLD and fasting insulin and

2-h insulin. Moreover, the adjusted risk of NAFLD was 1.00

(95% CI: 0.99 - 1.00) for one unit increase in 2-h glucose,

which was not statistically significant (Table 2). Finally, the

adjusted risk of NAFLD was 1.29 (95% CI: 1.00 - 1.69) for one

unit increase in HOMA-IR, which was statistically signifi-

cant (Table 3).

Using the ROC curve, the optimal cutoff point of HOMA-

IR was 0.963 for women. The area under the curve (AUC) of

HOMA-IR was 0.86 for predicting NAFLD in women. Also,

the optimal cutoff point of HOMA-IR was 1.00 for men. The

AUC of HOMA-IR was 0.88 for predicting NAFLD in men (Fig-

ure 2). The AUC values derived from independent variables

are presented in Figure 2.

5. Discussion

This study was performed on 2,160 subjects. The preva-

lence of NAFLD in the present study was 34.5%, which was

similar to other studies by Ma et al. (39%) (22), Vassilatou et

al. (36.84%) (23), and Qu et al. (33%) (24) but lower than the

prevalence seen in two previous studies by Srinivas-Prasad

4 Hepat Mon. 2020; 20(10):e102972.
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2160 Participants  

included  

340 Excluded  

2500 Participants  

745 Participants 

with NAFLD
 

1415 Healthy 

participants
 

10000 Visitors to the clinic
 

Random selection of 25%  

Patient whit cancer, confirmed diabetes, 

hepatic disease, thyroid disorders and 

consumption of chemotherapy, lipid 

lowering or diabetes drugs.

Figure 1. Flow chart of inclusion and exclusion criteria for non-alcoholic fatty liver disease

et al. (68%) (25) and Karoli et al. (66.67%) (26). The main

reason for the different prevalence of NAFLD can be dif-

ferent methodologies used to assess the symptoms. Also,

this may be explained by different sampling methods or

patient characteristics.

The findings showed a significant relationship be-

tween NAFLD and FPG, fasting insulin, and 2-h insulin. Also,

our findings demonstrated a relationship between NAFLD

and HOMA-IR (OR = 1.29, 95% CI 1.00 - 1.69). However, the

present study failed to demonstrate the significant effect

of 2-h glucose on NAFLD. The possible effect of 2-h glu-

cose on NAFLD can be justified by its effect on some risk

factors of NAFLD. Insulin resistance causes excess lipoly-

sis in adipose tissue and leads to fat accumulation in liver

cells. Fatty liver occurs when the accumulation of hep-

atic triglyceride exceeds the synthesis and excretion of low-

density lipoprotein (27).

Some studies have reported similar findings. The study

by Mansour-Ghanaei et al. (28) showed that with the ele-

vation of FPG level, the risk of developing NAFLD increases

(OR = 1.013, CI: 1.008 - 1.018), which was statistically signif-

icant. Also, they found that systolic blood pressure, dias-

tolic blood pressure, AST, ALT, GGT, AST/ALT ratio, TG, TC,

HDL, and LDL were correlated with NAFLD (28). In a study

Hepat Mon. 2020; 20(10):e102972. 5
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Figure 2. Receiver operating characteristic (ROC) curve to identify the cutoff values for fasting blood glucose, fasting insulin, 2-h glucose, 2-h insulin, and HOMA-IR to predict
the existence of fatty liver
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Table 2. Relationship Between Insulin Resistance and the Status of Disease

Model 1a OR (95%CI) Model 2b OR (95%CI)

FPG 1.092 (1.083 - 1.100) 1.016 (1.004 - 1.027)

2-h glucose 1.035 (1.030 - 1.040) 1.000 (0.994 - 1.006)

Fasting insulin 1.381 (1.342 - 1.421) 1.052 (1.004 - 1.103)

2-h Insulin 1.078 (1.069 - 1.087) 1.011 (1.001 - 1.022)

HOMA-IR 5.737 (4.692 - 7.015) 1.292 (1.008 - 1.695)

Sex 1.316 (1.101 - 1.572) 0.033 (0.023 - 0.047)

BMI 1.160 (1.135 - 185) 1.009 (0.964 - 1.056)

Waist circumference 1.048 (1.042 - 1.054) 0.999 (0.985 - 1.014)

Waist to hip ratio 5.059 (2.607 - 11.837) 1.481 (0.432 - 5.084)

Waist to height ratio 3.400 (1.491 - 7.652) 0.998 (0.493 - 2.019)

Physical activity 0.865 (0.853 - 0.865) 0.969 (0.935 - 1.003)

Menopause 12.031 (9.198 - 15.738) 1.257 (0.842 - 1.875)

LDL 1.023 (1.018 - 1.028) 0.998 (0.989 - 1.007)

HDL 0.964 (0.954 - 0.974) 0.989 (0.968 - 1.010)

Total cholesterol 1.022 (1.017 - 1.027) 1.002 (0.993 - 1.011)

Systolic blood pressure 1.199 (1.135 - 1.266) 0.985 (0.912 - 1.063)

Diastolic blood pressure 1.396 (1.281 - 1.521) 0.899 (0.780 - 1.035)

ALT 1.045 (1.039 - 1.051) 1.018 (1.005 - 1.031)

AST 1.048 (1.041 - 1.054) 1.013 (1.000 - 1.026)

GGT 1.024 (1.017 - 1.021) 1.001 (0.989 - 1.014)

Total energy intake 1.316 (1.101 - 1.572) 1.120 (1.011 - 1.650)

aLogistic regression in univariate analysis.
bMultivariate logistic regression adjusted for sex, menopause, BMI, waist circumference, waist to hip ratio, waist to height ratio, physical activity, LDL, HDL, Total choles-
terol, systolic blood pressure, diastolic blood pressure, ALT, AST, GGT, and total energy intake.

conducted in Sri Lanka, this subject was confirmed, and

it was demonstrated that fasting blood glucose was in-

creased among NAFLD groups (P = 0.005) (17). But, in a

study in Australia, the opposite result was reported, and

no significant relationship was found between NAFLD and

FPG (18). The differences in reported NAFLD in these stud-

ies have been attributed to several factors, such as method-

ological differences, intervention measures, instruments

applied, and patient characteristics. For example, a study

by Albracht-Schulte et al. (17) was solely among women.

In this study, there was a significant relationship be-

tween HOMA-IR and NAFLD. Therefore, individuals with

HOMA-IR were at higher risk of NAFLD than were healthy

individuals. HOMA-IR can increase the risk of NAFLD

through some factors such as increased liver enzyme levels

and serum gamma-glutamyl transferase (29, 30). Also, IR

can increase lipolysis and the production of free fatty acids.

The penetration of free fatty acids into the liver, combined

with alterations in the fat metabolism in the liver, leads to

the accumulation of triglycerides within hepatocytes (31,

32). The effect of HOMA-IR on NAFLD has already been re-

ported in some studies. For instance, Li et al. (33) reported

that the mean HOMA-IR levels were higher in the NAFLD

group than in the control group (2.6 ± 1.6 vs. 1.2 ± 0.7, P

> 0.001). Varma et al. also showed that having HOMA-IR is

a risk factor for NAFLD. They demonstrated that HOMA-IR

was significantly higher among women with NAFLD than

in those without NAFLD (34).

In this study, a significant relationship was found be-

tween fasting insulin and NAFLD. This finding is in agree-

ment with that of El-Koofy et al. (35), who indicated that

the probability of NAFLD was higher in those who had fast-

ing insulin than in others. Also, they showed a close associ-

ation between obesity metabolic syndrome, insulin resis-

tance, and NAFLD. Another study by Harsha Varma et al.

(34) showed that that the probability (OR) of NAFLD was

1.82 (95% CI: 1.22 - 2.51) times higher in those who had fast-

ing insulin than in others. As known, IR contributes to the

Hepat Mon. 2020; 20(10):e102972. 7
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Table 3. Receiver Operating Characteristic Curve Analysis for Defining the Ideal Independent Variables’ Cutoff Points Based on Nonalcoholic Fatty Liver Disease

Cutoff Point Sensitivity Specificity AUC PPV NPV PLR NLR

FPG, mg/dL

Female 96.50 93.95 88.57 0.952 97.9 72.1 8.22 0.06

Male 100.72 88.44 90.00 0.950 95.9 74.5 8.84 0.13

Total 101.72 88.69 90.50 .951 97.20 68.30 9.34 0.12

Fasting insulin, µU/mL

Female 6.72 96.73 90.00 0.975 98.2 82.9 9.67 0.03

Male 9.31 86.99 95.38 0.969 98.0 73.4 18.85 0.14

Total 9.31 87.48 95.00 0.971 98.50 67.10 17.50 0.13

2-h glucose, mg/dL

Female 121.55 72.54 90.00 0.861 97.6 36.6 7.25 0.31

Male 117.58 65.90 90.77 0.830 95.0 50.0 7.14 0.38

Total 121.04 67.43 92.50 0.850 97.10 43.30 8.99 0.35

2-h insulin, µU/mL

Female 39.46 82.12 84.29 0.893 96.7 45.4 5.23 0.21

Male 43.07 83.24 83.85 0.906 93.2 65.3 5.15 0.20

Total 43.72 78.06 86.50 0.890 95.60 51.50 5.78 0.25

HOMA-IR

Female 0.963 75.06 87.14 0.860 97.1 38.1 5.84 0.29

Male 1.00 79.19 86.15 0.881 93.8 60.9 5.72 0.24

Total 1.00 74.29 87.50 0.862 95.70 47.80 5.94 0.29

development of not only steatosis but also fibrosis by in-

creasing oxidative stress and fatty acid β-oxidation (36).

In the present study, we found that NAFLD was signif-

icantly elevated in patients with 2-h insulin. A previous

study reported that fatty acids are associated with insulin

resistance, fasting insulin, 2-h insulin, and 2-h glucose (37).

Thus, this factor might increase the risk of NAFLD and jus-

tify our results. Contrary to the results of previous stud-

ies on the significant effect of 2-h glucose on NAFLD (38),

this study failed to show a statistically significant relation-

ship between 2-h glucose and NAFLD. The possible reason

for this finding could be the small number of subjects with

abnormal 2-h glucose in this study.

The cutoff points determined for HOMA-IR by the gen-

eration of ROC curves were in disagreement with Motamed

et al. study (39). The cutoff points of HOMA-IR to identify

NAFLD in our study was 1.0 in men and 0.96 in women. A

previous cohort population-based study in Iran reported

that the cutoff points of HOMA-IR to detect future NAFLD

were 1.79 in men and 1.95 in women. Moreover, Maitra et

al. (40) reported in a cross-sectional study that the predic-

tive cutoff point for the possibility of fatty liver disease was

HOMA-IR > 2.9 (sensitivity 63.27%, specificity 93.94). These

differences may be based on the study design and patient

characteristics of the study.

The strength of our study includes the relatively large

sample size, the diverse subgroup analysis, and using

strong and sensitive indicators such as fibro scans and fatty

liver index (FLI) index. The present study has several limi-

tations. First, since this was a cross-sectional study, causal

associations could not be evaluated. A cohort study to find

factors predicting NAFLD development is necessary. Sec-

ond, this study may be affected by selection bias and may

not represent the whole population, since data were col-

lected in some centers in Tehran. Further multicenter col-

laborative research is required. The present study demon-

strated that FPG, fasting insulin, 2-h insulin, and HOMA-IR

were associated with NAFLD. The results support the imple-

mentation of care packages and services focusing on indi-

viduals with abnormal FPG, fasting insulin, 2-h insulin, and

HOMA-IR, especially before NAFLD. Therefore, the results

of this study may be useful for health policymakers to de-

sign suitable preventive and therapeutic interventions for

those with NAFLD to prevent and control this disease.

8 Hepat Mon. 2020; 20(10):e102972.
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10. Milić S, Lulić D, Štimac D. Non-alcoholic fatty liver disease and obesity:
biochemical, metabolic and clinical presentations. World J Gastroen-
terol. 2014;20(28):9330–7. doi: 10.3748/wjg.v20.i28.9330. [PubMed:
25071327]. [PubMed Central: PMC4110564].

11. Li H, Wang YJ, Tan K, Zeng L, Liu L, Liu FJ, et al. Prevalence and risk fac-
tors of fatty liver disease in Chengdu, Southwest China. Hepatobiliary
Pancreat Dis Int. 2009;8(4):377–82. [PubMed: 19666406].

12. Kim MS, Kim B, Park H, Ji Y, Holzapfel W, Kim DY, et al. Long-
term fermented soybean paste improves metabolic parameters as-
sociated with non-alcoholic fatty liver disease and insulin resis-
tance in high-fat diet-induced obese mice. Biochem Biophys Res Com-
mun. 2018;495(2):1744–51. doi: 10.1016/j.bbrc.2017.12.003. [PubMed:
29222051].

13. Honardoost M, Sarookhani MR, Arefian E. Molecular mechanism of in-
sulin resistance. J Qazvin Univ Med Sci. 2014;18(5):57–64.

14. Babai MA, Arasteh P, Hadibarhaghtalab M, Naghizadeh MM, Salehi
A, Askari A, et al. Defining a BMI Cut-Off Point for the Iranian Pop-
ulation: The Shiraz Heart Study. PLoS One. 2016;11(8). e0160639. doi:
10.1371/journal.pone.0160639. [PubMed: 27509026]. [PubMed Central:
PMC4980035].

15. Ghaemi A, Hosseini N, Osati S, Naghizadeh MM, dehghan A,
Ehrampoush E, et al. Waist circumference is a mediator of di-
etary pattern in Non-alcoholic fatty liver disease. Sci Rep. 2018;8(1).
doi: 10.1038/s41598-018-23192-x.

16. Zhang S, Du T, Li M, Jia J, Lu H, Lin X, et al. Triglyceride glucose-
body mass index is effective in identifying nonalcoholic fatty liver
disease in nonobese subjects.Medicine (Baltimore). 2017;96(22). e7041.
doi: 10.1097/md.0000000000007041. [PubMed: 28562560]. [PubMed
Central: PMC5459725].

17. Albracht-Schulte K, Rosairo S, Ramalingam L, Wijetunge S, Ratnayake
R, Kotakadeniya H, et al. Obesity, adipocyte hypertrophy, fasting
glucose, and resistin are potential contributors to nonalcoholic
fatty liver disease in South Asian women. Diabetes Metab Syndr
Obes. 2019;12:863–72. doi: 10.2147/dmso.s203937. [PubMed: 31354322].
[PubMed Central: PMC6573778].

18. Chachay VS, Macdonald GA, Martin JH, Whitehead JP, O’Moore-
Sullivan TM, Lee P, et al. Resveratrol does not benefit patients
with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol.
2014;12(12):2092–103.e1-6. doi: 10.1016/j.cgh.2014.02.024. [PubMed:
24582567].

19. Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal F, et
al. Transient elastography: a new noninvasive method for assess-
ment of hepatic fibrosis.UltrasoundMed Biol. 2003;29(12):1705–13. doi:
10.1016/j.ultrasmedbio.2003.07.001. [PubMed: 14698338].

Hepat Mon. 2020; 20(10):e102972. 9

http://dx.doi.org/10.2337/diabetes.50.8.1844
http://www.ncbi.nlm.nih.gov/pubmed/11473047
http://dx.doi.org/10.1002/hep.24726
http://www.ncbi.nlm.nih.gov/pubmed/21987488
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3278533
http://dx.doi.org/10.1016/j.ypmed.2011.12.018
http://www.ncbi.nlm.nih.gov/pubmed/22227283
http://dx.doi.org/10.1053/jhep.2000.17894
http://www.ncbi.nlm.nih.gov/pubmed/11003611
http://dx.doi.org/10.1016/s2468-1253(16)30011-5
http://dx.doi.org/10.1016/s2468-1253(16)30011-5
http://www.ncbi.nlm.nih.gov/pubmed/28404113
http://dx.doi.org/10.3390/ijms20020298
http://www.ncbi.nlm.nih.gov/pubmed/30642126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6359196
http://www.ncbi.nlm.nih.gov/pubmed/25197507
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4154901
http://dx.doi.org/10.1016/j.dsx.2019.03.009
http://dx.doi.org/10.3748/wjg.v20.i28.9330
http://www.ncbi.nlm.nih.gov/pubmed/25071327
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4110564
http://www.ncbi.nlm.nih.gov/pubmed/19666406
http://dx.doi.org/10.1016/j.bbrc.2017.12.003
http://www.ncbi.nlm.nih.gov/pubmed/29222051
http://dx.doi.org/10.1371/journal.pone.0160639
http://www.ncbi.nlm.nih.gov/pubmed/27509026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4980035
http://dx.doi.org/10.1038/s41598-018-23192-x
http://dx.doi.org/10.1097/md.0000000000007041
http://www.ncbi.nlm.nih.gov/pubmed/28562560
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5459725
http://dx.doi.org/10.2147/dmso.s203937
http://www.ncbi.nlm.nih.gov/pubmed/31354322
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6573778
http://dx.doi.org/10.1016/j.cgh.2014.02.024
http://www.ncbi.nlm.nih.gov/pubmed/24582567
http://dx.doi.org/10.1016/j.ultrasmedbio.2003.07.001
http://www.ncbi.nlm.nih.gov/pubmed/14698338


Moameri H et al.

20. Sasso M, Audière S, Kemgang A, Gaouar F, Corpechot C, Chazouillères
O, et al. Liver Steatosis Assessed by Controlled Attenuation Parame-
ter (CAP) Measured with the XL Probe of the FibroScan: A Pilot Study
Assessing Diagnostic Accuracy. UltrasoundMed Biol. 2016;42(1):92–103.
doi: 10.1016/j.ultrasmedbio.2015.08.008. [PubMed: 26386476].

21. Moghaddam MB, Aghdam FB, Jafarabadi MA, Allahverdipour H,
Nikookheslat SD, Safarpour S. The Iranian Version of International
Physical Activity Questionnaire (IPAQ) in Iran: content and construct
validity, factor structure, internal consistency and stability. World
Appl Sci J. 2012;18(8):1073–80.

22. Ma RC, Liu KH, Lam PM, Cheung LP, Tam WH, Ko GT, et al. Sono-
graphic measurement of mesenteric fat predicts presence of fatty
liver among subjects with polycystic ovary syndrome. J Clin En-
docrinolMetab. 2011;96(3):799–807. doi: 10.1210/jc.2010-1608. [PubMed:
21190980].

23. Vassilatou E, Lafoyianni S, Vryonidou A, Ioannidis D, Kosma L, Kat-
soulis K, et al. Increased androgen bioavailability is associated with
non-alcoholic fatty liver disease in women with polycystic ovary syn-
drome. Hum Reprod. 2010;25(1):212–20. doi: 10.1093/humrep/dep380.
[PubMed: 19887498].

24. Qu Z, Zhu Y, Jiang J, Shi Y, Chen Z. The clinical characteristics and eti-
ological study of nonalcoholic fatty liver disease in Chinese women
with PCOS. Iran J Reprod Med. 2013;11(9):725–32. [PubMed: 24639812].
[PubMed Central: PMC3941330].

25. Srinivas-Prasad RH, Balakrishna BV, Kudva N, Sandhya H, Ramakr-
ishna P. Incidence of non-alcoholic hepatic fatty infiltration
in women with polycystic ovary syndrome. J Evid Med Healthc.
2014;1:867–75.

26. Karoli R, Fatima J, Chandra A, Gupta U, Islam FU, Singh G. Preva-
lence of hepatic steatosis in women with polycystic ovary syndrome. J
HumReprodSci. 2013;6(1):9–14. doi: 10.4103/0974-1208.112370. [PubMed:
23869143]. [PubMed Central: PMC3713587].

27. Wilcox G. Insulin and insulin resistance. Clin Biochem Rev.
2005;26(2):19–39. [PubMed: 16278749]. [PubMed Central:
PMC1204764].

28. 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 FamilyMed
PrimCare. 2019;8(3):923–8. doi: 10.4103/jfmpc.jfmpc_243_18. [PubMed:
31041226]. [PubMed Central: PMC6482810].

29. Hossain IA, Rahman Shah MM, Rahman MK, Ali L. Gamma glutamyl
transferase is an independent determinant for the association of in-
sulin resistance with nonalcoholic fatty liver disease in Bangladeshi
adults: Association of GGT and HOMA-IR with NAFLD. Diabetes
Metab Syndr. 2016;10(1 Suppl 1):S25–9. doi: 10.1016/j.dsx.2015.09.005.
[PubMed: 26482965].

30. Marchesini G, Avagnina S, Barantani EG, Ciccarone AM,
Corica F, Dall’Aglio E, et al. Aminotransferase and gamma-

glutamyltranspeptidase levels in obesity are associated with in-
sulin resistance and the metabolic syndrome. J Endocrinol Invest.
2005;28(4):333–9. doi: 10.1007/bf03347199. [PubMed: 15966506].

31. McCullough AJ. Update on nonalcoholic fatty liver disease. J Clin
Gastroenterol. 2002;34(3):255–62. doi: 10.1097/00004836-200203000-
00013. [PubMed: 11873108].

32. Felber JP, Golay A. Pathways from obesity to diabetes. Int J Obes Re-
lat Metab Disord. 2002;26 Suppl 2:S39–45. doi: 10.1038/sj.ijo.0802126.
[PubMed: 12174327].

33. Li M, Zhang S, Wu Y, Ye J, Cao X, Liu J, et al. Prevalence of Insulin Re-
sistance in Subjects with Nonalcoholic Fatty Liver Disease and Its Pre-
dictors in a Chinese Population. Dig Dis Sci. 2015;60(7):2170–6. doi:
10.1007/s10620-015-3564-5. [PubMed: 25686742].

34. Harsha Varma S, Tirupati S, Pradeep TVS, Sarathi V, Kumar D. Insulin
resistance and hyperandrogenemia independently predict nonalco-
holic fatty liver disease in women with polycystic ovary syndrome.
Diabetes Metab Syndr. 2019;13(2):1065–9. doi: 10.1016/j.dsx.2018.12.020.
[PubMed: 31336445].

35. El-Koofy NM, Anwar GM, El-Raziky MS, El-Hennawy AM, El-Mougy FM,
El-Karaksy HM, et al. The association of metabolic syndrome, insulin
resistance and non-alcoholic fatty liver disease in overweight/obese
children. Saudi J Gastroenterol. 2012;18(1):44–9. doi: 10.4103/1319-
3767.91738. [PubMed: 22249092]. [PubMed Central: PMC3271694].

36. Schwimmer JB, Deutsch R, Rauch JB, Behling C, Newbury R, Lavine
JE. Obesity, insulin resistance, and other clinicopathological cor-
relates of pediatric nonalcoholic fatty liver disease. J Pediatr.
2003;143(4):500–5. doi: 10.1067/s0022-3476(03)00325-1. [PubMed:
14571229].

37. Ebbesson SO, Tejero ME, López-Alvarenga JC, Harris WS, Ebbesson
LO, Devereux RB, et al. Individual saturated fatty acids are asso-
ciated with different components of insulin resistance and glu-
cose metabolism: the GOCADAN study. Int J Circumpolar Health.
2010;69(4):344–51. doi: 10.3402/ijch.v69i4.17669. [PubMed: 20719107].
[PubMed Central: PMC3307791].

38. Zhang W, Yang Z, Niu Y, Li X, Zhu L, Lu S, et al. Association of
calf circumference with insulin resistance and non-alcohol fatty
liver disease: the REACTION study. BMC Endocr Disord. 2017;17(1):28.
doi: 10.1186/s12902-017-0176-4. [PubMed: 28558676]. [PubMed Central:
PMC5450143].

39. Motamed N, Miresmail SJ, Rabiee B, Keyvani H, Farahani B, Maadi M,
et al. Optimal cutoff points for HOMA-IR and QUICKI in the diagnosis
of metabolic syndrome and non-alcoholic fatty liver disease: A pop-
ulation based study. J Diabetes Complications. 2016;30(2):269–74. doi:
10.1016/j.jdiacomp.2015.11.019. [PubMed: 26718936].

40. Maitra D, Chatterjee S, Kunti S, Chakraborty I, Majumder B. As-
sessment of Insulin Resistance in Ultrasonographically Diagnosed
Cases of Non-Alcoholic Fatty Liver Disease. J Clin Diagn Res. 2019. doi:
10.7860/jcdr/2019/42121.13096.

10 Hepat Mon. 2020; 20(10):e102972.

http://dx.doi.org/10.1016/j.ultrasmedbio.2015.08.008
http://www.ncbi.nlm.nih.gov/pubmed/26386476
http://dx.doi.org/10.1210/jc.2010-1608
http://www.ncbi.nlm.nih.gov/pubmed/21190980
http://dx.doi.org/10.1093/humrep/dep380
http://www.ncbi.nlm.nih.gov/pubmed/19887498
http://www.ncbi.nlm.nih.gov/pubmed/24639812
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941330
http://dx.doi.org/10.4103/0974-1208.112370
http://www.ncbi.nlm.nih.gov/pubmed/23869143
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3713587
http://www.ncbi.nlm.nih.gov/pubmed/16278749
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1204764
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.dsx.2015.09.005
http://www.ncbi.nlm.nih.gov/pubmed/26482965
http://dx.doi.org/10.1007/bf03347199
http://www.ncbi.nlm.nih.gov/pubmed/15966506
http://dx.doi.org/10.1097/00004836-200203000-00013
http://dx.doi.org/10.1097/00004836-200203000-00013
http://www.ncbi.nlm.nih.gov/pubmed/11873108
http://dx.doi.org/10.1038/sj.ijo.0802126
http://www.ncbi.nlm.nih.gov/pubmed/12174327
http://dx.doi.org/10.1007/s10620-015-3564-5
http://www.ncbi.nlm.nih.gov/pubmed/25686742
http://dx.doi.org/10.1016/j.dsx.2018.12.020
http://www.ncbi.nlm.nih.gov/pubmed/31336445
http://dx.doi.org/10.4103/1319-3767.91738
http://dx.doi.org/10.4103/1319-3767.91738
http://www.ncbi.nlm.nih.gov/pubmed/22249092
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3271694
http://dx.doi.org/10.1067/s0022-3476(03)00325-1
http://www.ncbi.nlm.nih.gov/pubmed/14571229
http://dx.doi.org/10.3402/ijch.v69i4.17669
http://www.ncbi.nlm.nih.gov/pubmed/20719107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3307791
http://dx.doi.org/10.1186/s12902-017-0176-4
http://www.ncbi.nlm.nih.gov/pubmed/28558676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5450143
http://dx.doi.org/10.1016/j.jdiacomp.2015.11.019
http://www.ncbi.nlm.nih.gov/pubmed/26718936
http://dx.doi.org/10.7860/jcdr/2019/42121.13096

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Subjects and Study Design
	3.2. Ethics Approval and Consent to Participate
	3.3. Clinical Measurements
	3.4. Method for Calculating Insulin Resistance and Beta Cell Function
	3.5. Anthropometric Parameters
	3.6. Data Collection
	3.7. Statistical Analysis

	4. Results
	Table 1
	Figure 1
	Table 2
	Table 3
	Figure 2

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

