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Abstract
Objectives: Non-alcoholic fatty liver disease (NAFLD) is closely associated with diseases, such as obesity, diabetes mellitus, metabolic syndrome, which are characterized by insulin resistance. NAFLD is thought to be a manifestation of metabolic syndrome in
the liver. Liver fibrosis has a high prognostic significance in non-alcoholic steatohepatitis (NASH). In this study, the relationship
between insulin resistance and the histopathological changes in the liver was investigated in biopsy-proven NAFLD patients.
Methods: In this study, 85 biopsy-proven NAFLD patients (64 NASH, 21 non-NASH) and 40 healthy control subjects were enrolled.
Insulin resistance was calculated using the "homeostasis model assessment of insulin resistance" (HOMA-IR).
Results: C reactive protein, total cholesterol, low-density lipoprotein, triglyceride, body mass index (BMI), HOMA-IR levels were
significantly higher in the NAFLD group compared to the control group. In the NASH group, the HOMA-IR level was significantly
higher than the non-NASH group (p=0.026). When NAFLD patients with advanced fibrosis (stage 3-4, n=27) and without fibrosis
(stage 0-2, n=58) are compared, in advanced fibrosis group BMI (35.2±4.6 kg/m2 and 32.7±4.1 kg/m2, respectively; p=0.031) and
HOMA-IR (6.3 [5.8-6.8] and 3.4 [2.6-4.8], respectively, p=0.001) levels were higher significantly. In the covariance analysis, when confounding factors, such as BMI, age and gender, were corrected, it was observed that the elevation of HOMA-IR level in the advanced
fibrosis group continued statistically significantly.
Conclusion: HOMA-IR levels were high in NAFLD patients with advanced fibrosis. HOMA-IR, which can be easily measured in daily
practice, is an independent predictor for fibrosis.
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W

ith its increasing incidence, non-alcoholic fatty liver
disease (NAFLD) is the most common liver disease
in the world.[1] NAFLD has a broad spectrum from simple
hepatic steatosis to non-alcoholic steatohepatitis (NASH),
liver cirrhosis and hepatocellular carcinoma.
Evaluation of fibrosis in NAFLD is clinically critical be-

cause patients with advanced fibrosis are at increased risk
concerning liver cirrhosis and hepatocellular carcinoma.
Therefore, NAFLD cases should be followed closely with
screening programs.[2] It has been shown with long-term
prospective studies that general and specifically cardiovascular mortality increase in NASH patients with liver fibrosis
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accompanied by intense inflammation.[3, 4] Therefore, early
diagnosis of patients at risk concerningcomplications is important for reducing mortality and morbidity.
As the hepatic component of metabolic syndrome, NAFLD
is also closely associated with other clinic features of metabolic syndrome.[5] It is reported that NAFLD prevalence is
above 75% in populations with common obesity, metabolic syndrome and type 2 diabetes mellitus (DM), which are
characterized by insulin resistance.[6]
Type 2 DM and insulin resistance facilitate lipolysis in adipose tissue and lead to the release of free fatty acids and
their storage in the liver, and in consequence, to the development of hepatic steatosis.[7] Type 2 DM is a significant risk
factor that leads to progression in the spectrum from NASH
to liver cirrhosis. Current data show that obesity and type
2 DM are also risk factors for hepatocellular carcinoma.[8]
Moreover, it has been revealed that DM is an independent
risk factor for hepatic mortality as well as general mortality
in NAFLD.[9]

The Medical Bulletin of Sisli Etfal Hospital

16-gauge Hepafix needle. Histological findings in biopsy
samples were evaluated by an experienced hematopathologist blinded to clinical and laboratory data of participants.
The hematopathologist evaluated NAFLD-diagnosed cases
according to steatosis, ballooning degeneration, presence
and degree of lobular inflammation with the scoring system “National Institute of Diabetes and Digestive and Kidney Diseases Nonalcoholic Steatohepatitis (NIDDK NASH)
Clinical Research Network Scoring System”, and classified
the patients into two subgroups as NASH and non-NASH.
[10]
In addition, fibrosis scoring was made as follows: stage
0, no fibrosis; stage 1, perisinusoidal or periportal fibrosis;
stage 2, perisinusoidal and portal/periportal fibrosis; stage
3, bridging fibrosis; and stage 4, cirrhosis. Fibrosis scores
between 0-2 were evaluated as mild fibrosis, and ≥3 were
evaluated as advanced fibrosis.

Ethical Aspects

The present study aims to investigate insulin resistance in
patients with NAFLD, the prevalence of which has been
increasing in society, and its relationship with histopathological changes of the liver.

This study was conducted in accordance with the “Declaration of Helsinki” and approved by Şişli Hamidiye Etfal Training and Research Hospital Ethics Committee. Informed
consent of all participants of this study was received orally
and in written.

Methods

Statistical Analysis

A group of 85 biopsy-proven NAFLD patients and a control
group of 40 healthy individuals were included in this study,
which was planned as an observational case-control study.
The group of patients consisted of NAFLD-diagnosed individuals that applied to Şişli Hamidiye Etfal Training and
Research Hospital gastroenterology clinic as outpatients
between May 2016 and October 2017.

All statistical analyses were conducted using Statistical
Package for the Social Sciences (SPSS, version 21.0; IBM
Corp, Armonk, NY, USA). Visual (histograms, probability graph) and analytical methods (Shapiro-Wilk test) were
used to determine the distribution of variables. MannWhitney U test was used to compare non-normally distributed variables and continuous variables. Normally distributed continuous variables, such as age and BMI between
the two study groups, were evaluated using Student's ttest. The p-value calculated with Bonferroni correction and
considered statistically significant in post-hoc comparisons
was <0.01. Correlations between variables were analyzed
with Pearson and Spearman tests.

Patients diagnosed with viral/autoimmune hepatitis, Wilson’s disease, hemochromatosis, alpha-1 antitrypsin deficiency, primary sclerosing cholangitis, biliary system disorders, diagnosed diabetes, acute/chronic kidney damage,
ischemic cardiac or cerebrovascular disease and malignancy were not included in the present study. In addition,
Individuals using hepatotoxic drugs, herbal products, hormone replacement therapy, antidiabetic drugs and those
with a history of alcohol consumption >20 g/day were also
excluded from this study.
To determine insulin resistance, HOMA-IR (Homeostasis
Model Assessment of Insulin Resistance) index was found
with the formula “fasting glucose (mg/dL) x fasting plasma
insulin level (μIU/ml)/405.”
Venous blood samples of all participants were taken after
an overnight fast, simultaneously with liver biopsy, which
was performed under the guidance of ultrasound using a

The capacity of HOMA-IR to predict the presence of advanced fibrosis was assessed by performing ROC (receiver
operating characteristics) curve analysis. The point closest
to the upper left corner on the ROC curve was defined as
the optimal cut-off value; sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV)
were calculated accordingly. In order to test the significance of HOMA-IR in showing advanced fibrosis, confounding factors, such as BMI, age and gender, were corrected,
and covariance analysis was performed. A p<0.05 value
was considered statistically significant.
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Table 1. Clinical and biochemical characteristics of the NAFLD and
Control Groups
NAFLD
(n=85)

Control
(n=40)

Age
45.2±10.2
41.9±9.6
Gender, F/M
53/32
22/18
33.5±4.1
22.8±1.8
BMI, kg/m2
ALT, IU/L
90.4 [48.2-98.6]
16.2 [10.0-29.7]
AST, IU/L
62.2 [42.1-82.5]
18.6 [12.4-23.1]
GGT, IU/L
64.7 [24.7-69.5]
13.4 [7.1-19.6]
HOMA-IR
4.3 [2.9-6.1]
1.8 [1.2-2.8]
CRP, mg/dL
4.3 [2.6-7.7]
1.4 [1.0-2.1]
Total cholesterol, 198.7 [175.5-249.2] 153.1 [130.4-179.7]
mg/dL
LDL, mg/dL
121.9 [93.6-166.4] 94.3 [81.4-124.3]
HDL, mg/dL
43.4 [33.6-51.6]
53.2 [47.6-59.5]
Triglyceride, mg/dL 151.3 [100.4-218.6] 79.7 [54.6-134.5]

Table 2. Clinical and biochemical characteristics of NASH and nonNASH groups

p

NASH
(n=64)

0.179
0.173
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.002

Age
44.9±10.4
46.2±11.1
Gender, F/M
36/28
17/4
34.9±4.2
29.4±3.5
BMI, kg/m2
ALT, IU/L
89.7 [49.5-101.3] 91.1 [47.4-102.4]
AST, IU/L
65.0 [44.6-85.5]
58.4 [42.7-73.2]
GGT, IU/L
66.0 [30.4-76.7]
60.7 [28.5-69.1]
HOMA-IR
4.6 [2.9-6.3]
3.2 [2.5-4.0]
CRP, mg/dL
4.8 [2.4-7.9]
4.7 [2.1-5.9]
Total cholesterol, 203.3 [161.0-246.4] 194.7 [160.3-251.0]
mg/dL
LDL, mg/dL
128.7 [99.3-169.8] 117.3 [91.8-137.6]
HDL, mg/dL
43.9 [32.8-49.0]
47.2 [37.2-53.8]
Triglyceride, mg/dL 156.8 [93.5-227.2] 152.1 [98.0-188.5]

0.031
0.022
0.002

The values were shown as average±standard deviation for variables that
had normal distribution; For non-normally distributed variables, the
median; first and third quartile were shown in parentheses. BMI: Body mass
index; ALT: alanine aminotransferase; AST: aspartate aminotransferase;
GGT: gamma-glutamyltransferase; HOMA-IR: homeostasis model
assessment of insulin resistance; CRP: C-reactive protein; LDL: low-density
lipoprotein; HDL: high-density lipoprotein.

Results
Basic clinical and biochemical features of NAFLD patients and
control group are summarized in Table 1. The distribution of
gender and age was similar in both groups. It was seen that
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyltransferase (GGT), C-reactive protein
(CRP), total cholesterol, low-density lipoprotein (LDL), triglyceride, BMI and HOMA-IR levels were statistically significantly higher in the NAFLD group. It was also observed that
the high density lipoprotein (HDL) level in the NAFLD group
was significantly lower than the control group.
When NASH (n=64) and non-NASH (n=21) patient groups
were compared, it was seen that HOMA-IR levels were statistically significantly higher (p=0.026) in the NASH group.
Comparison of clinical and biochemical data of NASH and
non-NASH patient groups is summarized in Table 2.
When NAFLD patients were classified into two subgroups
according to their fibrosis levels, there were 27 patients with
advanced fibrosis (stage 3-4) and 58 patients with no/mild
fibrosis (stage 0-2) (Table 3). In the comparison of these two
subgroups, it was seen that BMI (35.2±4.6 kg/m2 and 32.7±4.1
kg/m2, respectively, p=0.031) and HOMA-IR (6.3 [5.8-6.8] and
3.4 [2.6-4.8], respectively, p=0.001) levels of the group with
stage 3-4 fibrosis was statistically significantly higher than
the group with stage 0-2 fibrosis; and the mean age was also
higher (47.3±7.7 and 44.2±12.2, respectively, p=0.026).

Non-Nash
(n=21)

p
0.610
0.542
0.062
0.357
0.514
0.642
0.026
0.567
0.583
0.211
0.389
0.625

The values were shown as average±standard deviation for variables that
had normal distribution; For non-normally distributed variables, the
median, first and third quartile were shown in parentheses. BMI: Body mass
index; ALT: alanine aminotransferase; AST: aspartate aminotransferase;
GGT: gamma-glutamyltransferase; HOMA-IR: homeostasis model
assessment of insulin resistance, CRP: C-reactive protein; LDL: low-density
lipoprotein; HDL: high-density lipoprotein.

In the covariance analysis, when confounding factors, such
as BMI, age and gender, were corrected, the elevation of
HOMA-IR level in the advanced fibrosis group continued
Table 3. Clinical and biochemical characteristics of NAFLD patients
with no/mild fibrosis and with advanced fibrosis
No/mild fibrosis Advanced Fibrosis
(Stage 0-2, n=58) (Stage 3-4, n=27)
Age
44.2±12.2
47.3±7.7
Gender, F/M
37/20
16/12
BMI, kg/m2
32.7±4.1
35.2±4.6
ALT, IU/L
90.8 [53.0-116.0] 86.0 [49.0-102.0]
AST, IU/L
63.6 [40.0-71.0]
59.1 [40.0-89.0]
GGT, IU/L
64.2 [29.0-67.0]
65.7 [26.0-67.0]
HOMA-IR
3.4 [2.6-4.8]
6.3 [5.8-6.8]
CRP, mg/dL
4.5 [2.2-6.9]
3.6 [2.1-5.9]
Total cholesterol, 210.0 [172.0-234.0] 189.2 [157.0-217.0]
mg/dL
LDL, mg/dL
128.8 [98.8-150.0] 111.8 [94.0-147.0]
HDL, mg/dL
44.2 [36.0-53.0]
39.8 [38.0-47.0]
Triglyceride, mg/dL 156.1 [100.0-205.0] 140.9 [85.0-168.0]

p
0.026
0.745
0.031
0.958
0.979
0.579
0.001
0.456
0.127
0.273
0.341
0.210

The values were shown as average±standard deviation for variables that
had normal distribution; For non-normally distributed variables, the
median, first and third quartile were shown in parentheses. BMI: Body mass
index; ALT: alanine aminotransferase; AST: aspartate aminotransferase;
GGT: gamma-glutamyltransferase; HOMA-IR: homeostasis model
assessment of insulin resistance, CRP: C-reactive protein; LDL: low-density
lipoprotein; HDL: high-density lipoprotein.
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statistically significantly.
When HOMA-IR was evaluated for the differentiation of
cases with advanced fibrosis and mild fibrosis, the area
under the curve (AUC) obtained by ROC analysis was 0.68.
(p=0.002) (Fig. 1). The optimal cut-off value for HOMA-IR
was 3.32, with a sensitivity of 69% and specificity of 64%.

Discussion
NAFLD has a broad spectrum from simple hepatic steatosis
(simple fatty liver) to NASH (fat accumulation with hepatocellular damage and inflammation), liver cirrhosis and
hepatocellular carcinoma.[11] While simple fatty liver is a
more benign situation, the progression rate to cirrhosis is
around 15-25% in NASH patients.[12] Ekstedt et al.[13] showed
the fibrosis stage is the most potent data in predicting disease-specific mortality in NAFLD. Therefore, early and rapid
recognition of NASH and fibrosis is important in terms of
reducing mortality and morbidity.
In this study, we investigated the relationship of insulin resistance with non-alcoholic fatty liver disease and related
histopathological changes. We found that insulin resistance statistically significantly increases as simple fatty liver
progresses to NASH and fibrosis level increases. In addition,
we showed that HOMA-IR level is an independent risk factor for fibrosis after correction of confounding factors.
There are several studies showing that metabolic disorders,
ROC Curve

1.0

such as obesity, insulin resistance, type 2 diabetes mellitus and hypertriglyceridemia, are closely associated with
NAFLD; therefore, non-alcoholic fatty liver disease (NAFLD)
is considered to be the manifestation of metabolic syndrome in the liver.[11-13] The insulin resistance plays an important role in NAFLD pathogenesis by enabling the storage of free fatty acids in the liver[14-16] and one of the most
important factors of the increase in NAFLD prevalence is
the increase in insulin resistance in developed countries.[11]
It has been reported that more than 75% of diabetic patients were diagnosed with NAFLD.[13] Paradis et al.[17] argued that it had a role in hepatic fibrosis by leading to incubation of liver stellate cells with glucose or to cause insulin
overstimulate connective tissue growth factor.
The majority of studies show that insulin resistance has a
predictive value for fibrosis,[18-21] while there are studies expressing opinions on the contrary.[22] Our study supports
the opinion that insulin resistance is an independent risk
factor in predicting liver fibrosis.
There are studies showing that the ongoing inflammation
due to insulin resistance lead to higher levels of inflammatory markers in NAFLD patients.[23, 24] In our study, it was
shown that CRP, one of the inflammatory markers, was
significantly higher in the NAFLD group than the control
group (p<0.001).
Our study has some limitations. Comprehensiveness of the
results will increase if the study is conducted with a broader
group of patients. Furthermore, more reliable data on fibrosis
progression can be obtained with follow-up biopsies or intermittent FibroScan analyses in long-term prospective studies.
As a result, this study shows that HOMA-IR is an independent
risk factor for liver fibrosis. Today, hepatic fibrosis is also accepted as an important mortality marker in NAFLD. Therefore, it is possible to state that NAFLD patients with high insulin resistance will be a priority candidate for liver biopsy
compared to other cases. Inclusion of NAFLD patients with
high HOMA-IR levels in closer follow-up programs will be effective in reducing mortality and morbidity rates.
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Figure 1. ROC analysis to distinguish NAFLD patients with advanced
fibrosis from NAFLD patients with no/mild fibrosis according to HOMA-IR values (AUC=0.68, p=0.002).
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