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Abstract
Introduction: Non alcoholic fatty liver disease (NAFLD) is a disease occurring in patients without any significant alcohol
consumption. It includes a broad spectrum and advanced forms of liver diseases, from simple steatosis to nonalcoholic
steatohepatitis, fibrosis, and cirrhosis and is associated with diabetes mellitus, insulin resistance, obesity, dyslipidemia and
metabolic syndrome. The aim of this study is to evaluate the metabolic significance of NAFLD in obese and type-2 diabetic
subjects compare to healthy group of individuals and those independent factors associated with NAFLD.
Materials and Methods: Our study was conducted in Govt. Medial College, Banda (UP) as well as G. R. Medical College,
Gwalior (MP). A total of 200 subjects were involved in our study, diagnosis being based on ultrasonography. Out of these, 100
were obese with type-2 diabetic patients and 100 were healthy subjects. They were evaluated by measurement of BMI and
several biochemical blood parameters such as fasting blood glucose, lipid profile, liver function tests (ALT, ALP and GGT) and
hs-CRP level.
Results: An increase in the BMI and levels of FBS, total cholesterol, triglycerides, LDL, VLDL, GGT, ALT, ALP and hs-CRP
level and a decrease in HDL was observed in NAFLD group of individuals. The values of these biochemical markers were found
higher in NAFLD patients and the variations were found to be statically significant. BMI and triglycerides were positively
correlated with fatty liver.
Conclusion: Obesity, hyperglycemia, dyslipidemia and increased liver enzymes and hs-CRP level are seen more commonly in
non alcoholic fatty liver in type-2 diabetic obese patients.
Keywords: NAFLD, BMI, High sensitive C-reactive protein.

Introduction
Non alcoholic fatty liver disease (NAFLD)
describes a clinicopathological condition that is
described by significant lipid deposition in the
hepatocytes of the liver parenchyma in patients with no
history of excessive intake of alcohol. The spectrum of
NAFLD is broad, ranging from a simple steatosis to
nonalcoholic steatohepatitis, fibrosis and cirrhosis.
Obesity, dyslipidemia, insulin resistance and diabetes
mellitus are well known risk factors for the
development of a fatty liver disease.1,2 NAFLD includes
patients with simple steatosis and non-alcoholic
steatohepatitis, which can lead to cirrhosis and
hepatocellular carcinoma.3 Another inflammatory
marker, hs-CRP has given mixed results as a biomarker
while interleukin-6 (IL-6) has been shown to
distinguish differentiate between disease states and
independently correlates with fibrosis.4,5
Materials and Methods
Subjects were randomly taken from those attending
the medical outpatient department (OPD) of
Government Medial College, Banda (UP) as well as
G.R. Medical College, Gwalior (MP). A total number
of 200 cases were included in our study, diagnosis

being based on ultrasonography. Out of these, 100 were
non obese and non diabetic healthy controls and 100
were obese with type-2 diabetic patients of both sexes
male and female included in our observation, except
based on significant alcohol consumption (>20 g/day).
A written consent was obtained from the patients. The
approval was taken from the institutional ethics
committee for conducting the study. Subject was
instructed to stand still on the platform, with the body
weight evenly distributed between both the feet, for the
measurement of weight. Weight (Seca 803, digital
scale, Germany) was measured to the nearest of 0.1 kg.
Stadiometer (Seca 206, Germany) was used for the
measurement of height with head held in Frankfort
plane to the nearest of 0.1 cm. BMI was calculated by
the formula i.e. weight (kg)/height (m2).
The patients were then evaluated by the
measurement of Body Mass Index (BMI), FBS (Fasting
Blood Sugar), TC (Total Cholesterol), TG
(Triglycerides), LDL (Low Density Lipoprotein), HDL
(High Density Lipoprotein), VLDL (Very Low Density
Lipoprotein), TB (Total Bilirubin), ALT (Alanine
Aminotransferase),
GGT
(Gamma
Glutamyl
Transpeptidase), ALP (Alkaline Phosphatase), and hsCRP. The data was analysed by Statistical packages for
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social science (SPSS version 21.0). Mean and standard
deviation were analysed for quantitative variables like
BMI, FBS, TC, TG, LDL, HDL, VLDL, Total
Bilirubin, ALT, GGT, ALP and hs-CRP. To compare
mean of all the quantitative variables between the two
groups the independent sample t-test of patients were
0.001 level was considered significant. Correlation
coefficient analysis was performed for risk factors of
NAFLD. P-value less than 0.05 was considered
statistically significant.
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Results
In our study, 100 patients of type-2 diabetes
mellitus obese subjects and 100 healthy controls were
included. The average age of the patients was 52 ± 8
years (Ranging from 36 to 74). Comparison of means of
serum biochemical markers between fatty liver and
healthy groups is presented in Table. The values of all
these biochemical parameters except HDL were
increased in fatty liver disease patients in comparison to
healthy group and the variations were found to be
statistically significant (P value <0.01 and <0.001).
BMI and triglycerides were positively correlated with
nonalcoholic fatty liver disease.

Table: Comparison of laboratory abnormalities between non-alcoholic fatty liver disease and healthy controls
Study Variables
Healthy controls n=100
NAFLD n=100
t values
P values
BMI
22.6±1.88
32.85±3.89
4.048
P<0.001**
FBS
87.46±13.46
148.0±37.7
6.426
P<0.001**
Total Cholesterol
186.3±21.09
248.4±41.9
4.234
P<0.001**
(mg/dl)
TG (mg/dl)
128.09±19.49
212.7±55.05
8.549
P<0.001**
HDL (mg/dl)
47.45±6.14
33.27±7.02
3.267
P<0.001**
LDL (mg/dl)
114.1±20.20
161.7±39.3
7.384
P<0.001**
VLDL (mg/dl)
23.58±4.09
52.89±11.3
6.725
P<0.001**
ALT (IU/L)
27.34±6.44
54.16±16.1
5.362
P<0.001**
ALP (IU/L)
179.7±336.75
292.6±21.0
7.180
P<0.001**
GGT (IU/L)
25.05±5.24
49.39±9.15
6.752
P<0.001**
hs-CRP (mg/L)
1.03±0.46
3.66±1.20
7.902
P<0.001**
Total bilirubin
0.72±0.26
1.22±0.50
2.567
P<0.01*
(mg/dl)
* Significant at P<0.01, ** significant at P<0.001
Discussion
The prevalence of NAFLD is highly associated
with insulin resistance, type-2 diabetes mellitus,
obesity, dyslipidemia and metabolic syndrome.6 The
presence of NAFLD correlates significantly with BMI.7
In our study only BMI was taken as a marker for
obesity, raised BMI indicated strong correlation with
presence of nonalcoholic fatty liver. In obese type-2
diabetic fatty liver group, the mean BMI was 32.85±
3.89 but in non-fatty liver group it was 22.6±1.88 (P
value< 0.01). In literature, the prevalence of NAFLD
has been found to be 100 %, among severe obese
patients with type-2 diabetes mellitus patients.8 Visceral
obesity is frequently associated with NAFLD and their
coexistence in the same individual subject increases the
chances of having more advanced forms of liver
disease. NAFLD is found in 60%-95% of people with
obesity.9 The correlation between fatty liver, impaired
glucose tolerance, diabetes mellitus and hyperlipidemia
is well recognized. It has been established that insulin
resistance can lead to increased free fatty acid in the
liver, subsequently higher triglyceride synthesis and
increased secretion of triglyceride rich VLDL from the
liver. Hypertriglyceridemia have been also strongly
associated with liver fat accumulation.8,10,11 Our study

showed FBS levels in fatty liver disease group (mean
148.0±37.7) were higher than healthy control group
(mean 87.46±13.46), which confirmed the obvious
dysglycemia in these patients (P value <0.001). We also
observed that increased triglyceride levels (mean
212.7±55.05) in diabetic fatty liver group in
comparison to healthy group (triglycerides mean
128.09±19.49) and the results were statistically
significant (P value <0.001). In a correlation coefficient
analysis triglycerides were also found to be increase in
obese type 2 diabetic obese nonalcoholic fatty liver
population. The study was done in China also found
that fatty liver positively correlated with plasma
triglyceride levels and negatively with plasma HDL-C
level.12 In our study also, the elevated total cholesterol
positively correlated with fatty liver disease. We also
found that increased levels of ALT, ALP and GGT in
obese type 2 diabetic NAFLD subjects in comparison to
healthy group and the results were statistically
significant (P value <0.001). This is also reported in
other studies as well.13-15 In this study, though raised
ALT levels are taken as the first marker of fatty
infiltration of the liver.16 The mechanism behind the
increased secretion of liver enzymes in NAFLD
patients is that dyslipidemia and insulin resistance
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leading to significant lipid deposition in hepatocytes
causes initiation of mitochondrial swelling, increased
lysosomal fragility and impaired membrane integrity,
resulting release of hepatic enzymes from the damaged
hepatocytes.8 Furthermore, it is concluded that fasting
blood glucose level was an independent predictor of
nonalcoholic fatty liver disease.17 This deviation
between our data to that of Marchesini et al implies that
the clinicopathological profile of Indian NAFLD
patients are different from that seen in other ethnic
group of individuals.17,18 The present study also,
revealed significant higher levels of serum high
sensitive C-reactive protein in NAFLD female and male
patients (mean 3.66±1.20) in comparison to those of
their corresponding healthy controls (mean 1.03±0.46)
with significant higher levels in female patients
compared to those levels of male patients. These
findings similar with those of previous studies.19-21 hsCRP levels have been shown to be closely related to
obesity, in particular central or visceral fat
deposition.22,23 The study of Koruk et al. found that
increased levels of hs-CRP could be helpful in the
diagnostic work-up of patients with fatty liver disease.24
Moreover added that hs-CRP could be a clinical feature
that
not
only
distinguishes
(Non-alcoholic
steatohepatitis) NASH from simple non-progressive
steatosis but also indicates the severity of hepatic
fibrosis.25 Bilirubin levels may also be linked to
NAFLD via fatty acid metabolism. Higher de novo
lipogenesis and peripheral fatty acids mainly derived
from lipolysis of adipose tissue contribute to the
accumulation of hepatic fat in NAFLD.26,27
Conclusion
The occurrence of NAFLD is high in type-2
diabetic patients, insulin resistance and obesity,
dyslipidemia, dysglycemia, increased secretion of liver
enzymes (ALT, ALP and GGT) and hs-CRP is seen
more frequently in fatty liver than in non-fatty liver
subjects. The associated risk factors for diabetic fatty
liver are the raised BMI and increased levels of
triglycerides.
Limitation
Our study also came up with few limits. The
diagnosis of NAFLD in the study was based on
ultrasonography (USG) and exception of the known
causes of chronic liver disease, but this was not
confirmed by liver biopsy, in our study. Some clinical
trials regarding use of other inflammatory markers also
prove significant.
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