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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) is associated with chronic inflammation and oxidative stress,
implicated in the pathophysiology of non-alcoholic fatty liver disease (NAFLD). Present study aimed to assess the
role of adipokines, oxidative stress, and endotoxins in the pathogenesis of NAFLD in T2DM.

Methods: Present cross-sectional observational study included healthy controls (n=50; group 1); T2DM patients
without NAFLD (n=50; group 2), T2DM patients with NAFLD (n=50; group 3). Study subjects were age and gender
matched.

Results: Tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), high sensitive C-reactive protein (hs-CRP),
endotoxin, malondialdehyde (MDA) were significantly elevated and adiponectin, ferric reducing ability of plasma
(FRAP), and glutathione (GSH) were significantly lower (p<0.001) in T2DM patients with NAFLD when compared
to T2DM patients without NAFLD and controls. Endotoxin showed significant positive correlation with TNF-a
(r=0.304; p<0.001), hs-CRP (r=0.193; p=0.018), and MDA (r=0.420; p<0.001), and significant negative correlation
with adiponectin (r=-0.406; p<0.001). TNF-a and IL-6 showed significant positive correlation with MDA (r=0.526;
p<0.001, r=0.229; p=0.005) and significant negative correlation with adiponectin (r=-0.396; p<0.001, r=-0.318;
p<0.001), FRAP (r=-0.418; p<00.001, r=-0.170; p=0.038), and GSH (r=-0.353; p<0.001, r=-0.301; p<0.001).
Conclusions: Authors observed elevated endotoxin, oxidative stress, inflammation and lower adiponectin levels in
T2DM subjects compared to controls. These changes were more pronounced in T2DM with NAFLD when compared
to T2DM without NAFLD. Lower adiponectin levels were found to be a better predictor of NALFD in T2DM and is
associated with oxidative stress and systemic inflammation.

Keywords: Adipokines, Endotoxins, Inflammation, Non-alcoholic fatty liver disease, Oxidative stress, Type 2
diabetes mellitus

INTRODUCTION increasingly recognized as a major cause of liver-related

morbidity and mortality.? NAFLD is characterized by
Non-alcoholic fatty liver disease (NAFLD) is the hepatic accumulation of fat in the liver, with or without
manifestation of the metabolic syndrome and commonly inflammation and covers a wide spectrum of conditions
seen in all ages and ethnic groups.! NAFLD has been ranging from non-alcoholic fatty liver to non-alcoholic
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steatohepatitis (NASH) and later progressing onto
advanced liver fibrosis and cirrhosis. Pathogenesis of the
NAFLD may involve deposition of excess fat in the liver
followed in some patients by increased fatty acid
oxidation, oxidative stress, endotoxemia, and adipokines
production, resulting in progression to steatohepatitis and
fibrosis.*® The increased prevalence of obesity, diabetes,
hypertension, hypertriglyceridemia, and
hypercholesterolemia are considered to be the most
common causes for NAFLD.® The prevalence rate of
NAFLD in type 2 diabetes mellitus (T2DM) is estimated
to be in the range of 12.5% to 8.5% in India.” T2DM
contributes not only to steatogenesis, but also to
progressive liver damage and possibly hepatocellular
carcinoma.? T2DM increasingly has been associated with
chronic inflammation, oxidative stress, and the up-
regulation of hepatotoxic cytokines. All these factors are
implicated in the pathophysiology of NAFLD which in
turn is associated with increased cardiovascular risk.
Adams LA et al, reported that T2DM individuals with
NAFLD had a 2.2-fold increased risk of all-cause
mortality due to liver complications and ischemic heart
disease compared with those without NAFLD.®

As both T2DM and NAFLD are associated with adverse
outcomes of the other, it is crucial to identify the
predictors of NAFLD in T2DM. To the best of our
knowledge limited information is available on the
association between NAFLD and T2DM with respect to
adipokines and endotoxins in Indian scenario. The
clinicopathological profiles of NAFLD patients in
Western population appear to be different when
compared with Indians. Hence, the present work was
undertaken to study the role of adipokines, oxidative
stress, and endotoxins in the pathogenesis of NAFLD in
patients with T2DM in a representative population of
patients with T2DM attending a tertiary care hospital in
Tirupati, Andhra Pradesh, India.

METHODS

The present study is a cross-sectional observational study,
done in 100 patients with T2DM attending outpatient
department of endocrinology and metabolism of Sri
Venkateswara Institute of Medical Sciences, Tirupati
between January 2014 to March 2016. The study was
conducted after obtaining approval by the Institutional
Ethics Committee and written informed consent from all
the study subjects before commencing the study.

Sample size was calculated using the formula, n=2/d? x
Cp, power, at 80% power and 0.05 alpha error. The
patients were randomly chosen from among 3,119
subjects who were diagnosed with T2DM diagnosed as
per American diabetes association (ADA) criteria.'

Selection criteria

Patients with duration of T2DM of less than one year,
who were on treatment with oral hypoglycemic agent

metformin or diet and exercise, aged between 30-60
years, were recruited into the study. T2DM patients with
history of alcohol intake, smoking, bilirubin level
>1mg/dL, known liver diseases, cardiovascular diseases,
malignancy, those on medication known to induce fatty
liver, lipid lowering therapy, antioxidant therapy, and
those who have undergone gastro intestinal surgery were
excluded from the study. The subjects with normal or
mild to moderately elevated ALT and AST (<5 times the
upper normal limit for ALT was 35IU/L and for AST was
401U/L), and absence of viral, metabolic or other specific
etiologies of liver diseases were included into the study.!

The diagnosis of NAFLD was done by ultrasonographic
examination of liver using a high-resolution B-mode
ultrasonography system (GE medical systems, Austria)
having an electric curvilinear transducer frequency of 3-
5MHz, focusing on liver size, texture, visualization of
intra-hepatic vessels and diaphragm, liver to Kkidney
contrast ratio performed by an experienced radiologist,
who was blinded to all clinical and biochemical
characteristics of subjects. The diagnosis of hepatic
steatosis was made on the basis of characteristic
sonographic features which included evidence of bright
liver (homogeneous hyper echogenicity in liver
parenchyma compared to right kidney). All the subjects
were screened for hepatitis B virus (HBV) and hepatitis C
virus (HCV) to exclude presence of infective liver
diseases. Serum iron, total iron binding capacity (TIBC),
transferrin saturation, total bilirubin, albumin, total
protein, alanine transaminase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP), and
gamma glutamyl transferase (GGT) were estimated to
assess liver function.

The T2DM patients following the NAFLD screening
procedure were categorized into T2DM patients without
NAFLD (n=50; group 2) and T2DM patients with
NAFLD (n=50; group 3). Control group (n=50; group 1)
comprised of age and sex matched healthy volunteers
who also underwent similar selection process as cases
and who had no ultrasonographic evidence of fatty liver.

Clinical examination

Blood pressure and anthropometric measurements such as
weight, height, and waist circumference (WC) were
recorded. Body mass index (BMI) was calculated using
the formula: weight in kg/height in m?.1?

Sampling

Venous blood samples were collected from the subjects
who were fasting for 10-12hours. The blood collected
was transferred into:

e Sodium fluoride and potassium oxalate anticoagulant
tubes, which were centrifuged immediately for 3000
rotations per minute (RPM) for 15minutes to obtain
plasma for plasma glucose analysis.
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e Additive free tubes, which were allowed to stand for
30minutes for clotting to occur and then centrifuged
for 3000 RPM for 15minutes to obtain serum for
analysis of routine, screening, and all the study
parameters except for adipokines.

e Lithium heparin tubes, which were placed in ice
packed collection kit until separation. Samples were
centrifuged at 4°C at 2000 rpm for 15minutes in a
cooling centrifuge to obtain plasma for analysis of
adipokines.

The separated serum and plasma samples were aliquoted
and stored in vials at-80°C in deep freezer until analysis.
The plasma glucose was analyzed immediately.

Biochemical analysis

e Routine parameters plasma glucose, ALT, AST,
ALP, GGT, total protein, albumin, total bilirubin,
iron, TIBC, and uric acid in serum were analyzed by
standard methods on Synchron Unicel DxC 600 auto
analyser (Beckman coulter, USA). Transferrin
saturation ~ was  calculated using  formula
(Iron/TIBCx100).

e Hs-CRP in serum by immunoturbidimetric method
on Synchron Unicel DxC 600 auto analyzer.

e Oxidative stress marker, malondialdehyde (MDA) in
serum, was measured as thiobarbituric acid reactive
substance (TBARS), antioxidant markers such as
ferric reducing ability of plasma (FRAP), glutathione
(GSH) by Ellman’s method using UV/VIS Perkin
Elmer spectrophotometer.t3-1

e Adipokines, TNF-a, IL-6, leptin and adiponectinin
plasma were measured by sandwich enzyme linked
immunosorbent assay (Assaypro, USA).

e Endotoxin in serum was measured by Limulus
Amoebocyte Lysate (LAL) chromogenic end point
assay (Hycult biotech, Netherlands). The serum
samples were heated at 75°C for five minutes in a
water bath to neutralize the endotoxin inhibiting
compounds.

Statistical analysis

Data was analysed by using statistical package for the
Social Sciences (SPSS) version 16 for windows (SPSS
Inc, Chicago, IL, USA), and MedCalc (version 12.1,
Ostend, Belgium). Variables were expressed as
Mean+SD or median (interquartile range), depending on
assessment for Gaussian distribution. For the comparison
of means of parameters between the three study groups,
analysis of variance (ANOVA) followed by post-hoc
Bonferroni multiple comparison test was applied for data
with normal distribution and Kruskal Wallis post hoc
multiple comparisons were applied for skewed data.
Correlations between the parameters were tested using
Pearson’s correlation for data with normal distribution
and Spearman’s correlation coefficients for skewed data.
Univariate logistic regression followed by multivariate
logistic regression analysis was used to evaluate the

potential predictors of NAFLD, by keeping NAFLD as
dependent variable. Significance was considered at
p<0.05.

RESULTS

The anthropometric measurements BMI and WC were
significantly higher across the groups (p=0.004 and
p=0.005 respectively). BMI and WC were significantly
higher in T2DM patients with NAFLD when compared to
controls (p=0.004 and p=0.002 respectively). WC was
also found to be significantly greater in T2DM with
NAFLD when compared to T2DM patients without
NAFLD (p=0.019) as shown in (Table 1).

Oxidative stress and anti-oxidant status in the study
population

MDA was significantly elevated, FRAP and GSH were
significantly lower across the groups (p<0.001) as shown
in (Table 2).

Significantly elevated MDA and lower FRAP levels were
observed in both groups of T2DM patients with NAFLD
and without NAFLD when compared to controls
(p<0.001). Between the T2DM subjects the elevation in
MDA and lowering of FRAP levels were more significant
in T2DM patients with NAFLD when compared to
T2DM without NAFLD (p=0.016 and p<0.001
respectively) as shown in (Figure 1).

Data presented as mean £SD for MDA and median (inter
quartile range) for FRAP and GSH. *Statistically
significant between group 1 and group 3, 1 statistically
significant between group 1 and group 2, and
istatistically significant between group 2 and group 3.
NS: not significant; MDA: malondialdehyde; FRAP:
ferric reducing ability of plasma; GSH: reduced
glutathione.

Adipokines, hs-CRP, and endotoxin levels in the study
population

TNF-a, IL-6, hs-CRP, endotoxin was significantly
elevated, and adiponectin was significantly lower across
the groups (p<0-001) as shown in (Table 3). Significant
increase in TNF-a, IL-6, hs-CRP, endotoxin and decrease
in adiponectin in T2DM patients were observed in both
groups of T2DM patients with NAFLD and without
NAFLD when compared to controls (p<0.001).

Between the T2DM patients a pronounced elevation of
TNF-a, IL-6, hs-CRP, endotoxin and lowering of
adiponectin levels were observed (p<0.001, p=0.002,
p=0.002, p=0.040 and p<0.001 respectively) in T2DM
patients with NAFLD when compared to T2DM patients
without NAFLD as shown in (Figure 2) and (Figure 3)
respectively. No significant change in leptin levels was
observed among the three groups (p=0.182) as shown in
(Table 3).
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Table 1: Baseline, anthropometric, and biochemical characteristics of study population.

Group 1 (controls) Group 2 (T2DM without  Group 3 (T2DM with NAFLD)
Age (years) 43.3+8.6 46.8+8.4 45.2+7.8
Gender (M/F) 25/25 24/26 22/28
BMI (kg/m?) 24.5+3.4 25.3+4-2 27.2+4.5*
WC (cm) 87.5 (81-92) 89 (81-93) 91 (86-102) ** +
Systolic BP (mm Hg) 119.845-1 120.6+6-5 121+5
Diastolic BP (mm Hg) 78.843.2 79+4-6 80-2+3-1
FPG (mg/dL) 80.5 (75-90-2) 132 (119-162.-7) 148-5 (125-5-193-2) *i+
PPPG (mg/dL) 107 (102-7-115) 235 (200-294-7) f 235 (196-326-5) **
Total bilirubin (mg/dL) 0.8 (0.5-0.9) 0.7 (0.5-0.8) 0.7 (0.4-0.8)
Total protein (gm/dL) 8 (7.6-8.2) 8.1 (7.8-8.5) 8.1 (7.7-8.3)
Albumin (gm/dL) 4.4 (4.2-4.5) 4.4 (4.3-4.6) 4.5 (4.2-4.6)
Iron (ug/dL) 108.6+33-7 109.3+30-9 118.7+£32.9
TIBC(ug/dL) 360 (347-383) 366 (357-378) 364 (355-379)
Transferrin saturation (%) 36 (25.7-41) 29 (25-34.2) 33 (25.5-39)
SGPT (IU/L) 15 (11-20.2) 14 (12-18.5) 17 (13-22.5)
SGOT (1U/L) 24 (20-28) 22.5 (19-27) 24 (20.7-29.2)
GGT(IU/L) 25 (19-33) 26 (19.5-35.2) 28 (22.7-39.2)
ALP (IU/L) 77 (60.7-89) 81-5 (64.7-91) 68 (58.7-96.2)

Statistically significant differences *across the groups, tgroup 1 and group 2, fgroup 1 and group 3, xgroup 2 and group 3; Data
presented as mean +SD (Standard deviation) for normally distributed data and median, IQR (Inter quartile range) for skewed data. BMI:
body mass index; WC: waist circumference; BP: blood pressure; FPG: fasting plasma glucose; PPPG: post prandial plasma glucose;
SGPT: serum glutamate pyruvate transaminase; SGOT: serum glutamate oxaloacetate transaminase; ALP: alkaline phosphatase; GGT:
gamma glutamyl transferase; TIBC: total iron binding capacity

Table 2: Oxidative stress and anti-oxidant status in the study population.

Variable Group 1 (controls) G_roup 2 (T2DM G_roup 3 (T2DM

without NAFLD) (n=50 with NAFLD) (n=50
MDA (pmol/L) 0.9+0.4 3.4+1.1 3.9+1 <0-001
FRAP (mmol/L)  0.36 (0.33-0.14) 0.31 (0.26-0.37) 0-24 (0.19-0.27) <0-001
GSH (mg/dL) 13 (11.6-18.8) 8.2 (7.1-9.6) 7.6 (6.4-8.7) <0-001

*Statistically significant; MDA: malondialdehyde; FRAP: ferric reducing ability of plasma; GSH: reduced glutathione.
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Figure 1: Changes in (A) MDA, (B) FRAP, and (C) GSH in controls (group 1), T2DM without NAFLD (group 2),
and T2DM with NAFLD (group 3).
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Table 3: Adipokines, hs-CRP, and endotoxin levels in the study population.

Group 1 (controls)

Group 2 (T2DM

Group 3 (T2DM

Variable (n=50) without NAFLD) with NAFLD)
TNF-a (pg/mL) 13.4 (9.6-22.7) 30 (24.2-33.9) 36.5 (32.6-42) <0-001*
IL-6 (pg/mL) 7.7 (5.2-9.5) 10.5(9.2-13.2) 14.2 (10.1-18.4) <0-001*
Adiponectin (ng/mL) 7.7 (6.8-9.6) 4.5 (3.3-5.8) 3.4 (2.6-4.3) <0-001*
Leptin (ng/mL) 50.1 (35.4-83.5) 50.9 (30.7-78.8) 63.9 (40.1-103.5) 0-182
hs-CRP (mg/L) 0.4 (0.2-0.6) 0.7 (0.6-1.1) 1.1 (0.7-1.8) <0-001*
Endotoxin (EU/mL) 0.25(0.01-1.2) 3.4(0.9-5.7) 5.2 (0.7-15.3) <0-001*

*Statistically significant at p<0.05; Data presented as median (inter quartile range), TNF-o: tumor necrosis factor alpha; IL-6:
interleukin-6; hs-CRP: highly sensitive C- reactive protein; EU: endotoxin unit
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Figure 2: Changes in (A) TNF-a, (B) IL-6, (C) adiponectin, and (D) hs-CRP in controls (group 1), T2DM without
NAFLD (group 2), and T2DM with NAFLD (group 3).

Data presented as median (inter quartile range).
*Statistically significant between group 1 and group 3,
tstatistically significant between group 1 and group 2,
and Istatistically significant between group 2 and group
3.TNF-a: tumor necrosis factor alpha; IL-6: interleukin-6;
hs-CRP: highly sensitive C- reactive protein.
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Figure 3: Changes in endotoxin in controls (group 1),
T2DM without NAFLD (group 2), and T2DM with
NAFLD (group 3).

Correlation between fasting plasma glucose (FPG),
endotoxin, inflammatory markers, and oxidative stress
markers in T2DM patients with NAFLD

FPG showed significant positive correlation with
endotoxin  (r=0.335; p<0.001), TNF-a (r=0.502;p
<0.001), IL-6 (r=0.305; p <0.001), and MDA (r=0.654; p
<0.001) and significant negative correlation with FRAP
(r=-0.542; p<0.001), GSH (r=-0.542; p<0.001), and
adiponectin (r=-0.622; p<0.001). Endotoxin showed
significant positive correlation with TNF-a (1=0.304; p
<0.001), hs-CRP (r=0.193; p=0.018), and MDA (r=0.420;
p<0.001) and significant negative correlation with FRAP
(r=-0.418; p<0.001), GSH (r=-0.367; p<0.001), and
adiponectin  (r=-0.406; p<0.001). TNF-a showed
significant positive correlation with MDA (r=0.526; p
<0.001) and significant negative correlation with FRAP
(r=-0.418; p<0.001), GSH (r=-0.353; p<0.001), and
adiponectin (r=-0.396; p<0.001). IL-6 showed significant
positive correlation with MDA (r=0.229; p =0-005) and
significant negative correlation with FRAP (r=-0.170; p
=0.038), GSH (r=-0.301; p <0.001), and adiponectin (r=-
0.318; p <0.001). Hs-CRP showed significant positive
correlation with MDA (r=0.186; p =0-023). MDA
showed significant negative correlation with FRAP (r=-
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0.551; p<0.001), GSH (r=-0.588; p<0.001), and
adiponectin  (r=-0.515; p<0.001). FRAP showed
significant positive correlation with GSH (r=0.429; p

<0.001), and adiponectin (r=0.561; p<0.001). GSH
showed significant positive correlation with adiponectin
(r=0.555; p <0.001) as shown in (Table 4).

Table 4: Correlation between fasting plasma glucose, endotoxin, inflammatory markers and oxidative
stress markers.

Variables Endotoxin Adiponectin
FPG

r 0.335 0.502 0.305 0.124 0.654 -0.542 -0.542 -0.622
p-value <0.001* <0.001* <0.001* 0.132 <0.001* <0.001* <0.001* <0.001*
Endotoxin

r - 0-304 0-034 0.193 0.420 -0.418 -0.367 -0.406
p-value - <0-001*  0-682 0.018* <0-001* <0-001* <0-001* <0-001*
TNF-a

r - - 0.133 0.063 0.526 -0.418 -0.353 -0.396
p-value - - 0.104 0.447 <0.001* <0.001* <0.001* <0.001*
IL-6

r - - - 0.151 0.229 -0.170 -0.301 -0.318
p-value - - - 0.066 0.005* 0.038* <0.001* <0.001*
hs-CRP

r - - - - 0.186 -0.042 -0.115 -0.073
p-value - - - - 0.023* 0.612 0.160 0.377
MDA

r - - - - - -0.551 -0.588 -0.515
p-value - - - - - <0.001* <0.001* <0.001*
FRAP

r - - - - - - 0.429 0.561
p-value - - - - - - <0.001* <0.001*
GSH

r - - - - - - - 0.555
p-value - - - - - - - <0.001*

*Statistically significant; r: correlation coefficient; FPG: fasting plasma glucose, TNF-a: tumor necrosis factor alpha; IL-6: interleukin-
6; hs-CRP: highly sensitive C- reactive protein; MDA: malondialdehyde; FRAP: ferric reducing ability of plasma; GSH: reduced
glutathione

Univariate logistic regression analysis was performed
keeping the binary categorical variable (NAFLD) as the
dependent variable and the continuous variables as
independent  variables. TNF-o, IL-6, adiponectin,
endotoxins, hs-CRP, MDA, BMI, and WC were found to
be significant independent predictors (p=0-002, p=0-001,

Logistic regression analysis to evaluate predictors of
NAFLD among T2DM patients

Table 5: Univariate logistic regression analysis.

Odds ratio 95% CI lower lue*

Exp (B)  upper p-value p=0-001, p=0.015, p=0-003, p=0-029, p=0-035, and
TNE-a 0-920 0-874 0-969 0-002 p=0-013 respectively) of NAFLD in T2DM patients as
IL-6 0839 0756  0-932 0-001 shown in (Table 5).

Adiponectin  1-773 1.274 2:468 0-001
Endotoxins  0-877 0-809 0-951 0-015

When these predictors were put into multivariate logistic
regression model, TNF-a, adiponectin, endotoxins, hs-

hs-CRP 0:325 0:155 0-680 0-003 CRP, and WC continued to perform as significant
MDA 0639  0-435  0-940 0-023 predictors (p=0-008, p=0-018, p=0-001, p=0-040, and
BMI 0-904  0-822  0-993 0-035 p=0-010 respectively) of NAFLD in T2DM patients as
wcC 0-946 0-905 0-988 0-013 shown in (Table 6). Among the predictors, adiponectin

*Statistically significant; Cl: confidence interval; Exp (B):
exponentiation of the B coefficient; TNF-a: tumor necrosis
factor alpha; IL-6: interleukin-6; hs-CRP: high sensitive C-
reactive protein; MDA: malondialdehyde; BMI: body mass
index; WC: waist circumference.

had the highest odds ratio both in univariate regression
model (OR=1-773) and multivariate regression model
(OR=1-673).
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Table 6: Multivariate logistic regression analysis.

Odds 95% ClI

ratio Lower p-value

EXP (B) upper
TNF-o 0.907 0.843 0.975 0-008*
IL-6 0.897 0.761 1.057 0-194
Adiponectin 1.673 1.091 2.567 0-018*
Endotoxins 0.777 0.667 0.905 0-001*
hs-CRP 0.313 0.099 0.991 0-040*
MDA 0.646 0.370 1.129 0-125
BMI 1.036 0.872 1.231 0-688
wWC 0.894 0.821 0.974 0-010*

*Statistically significant; Cl: confidence interval; Exp (B):
exponentiation of the B coefficient; TNF-a: tumor necrosis
factor alpha; IL-6: interleukin-6; hs-CRP: high sensitive C-
reactive protein; MDA: malondialdehyde; BMI: body mass
index; WC: waist circumference.

DISCUSSION

The significantly higher waist circumference observed in
T2DM patients with NAFLD is indicative of presence of
abdominal adiposity, which appears to be an important
risk factor for development of NAFLD, even in those
with a normal BMI.?8Y7 The relationship between
increased waist circumference and NAFLD can be
explained by the ‘portal hypothesis’, which suggests that
increased visceral adipose tissue lipolysis leads to an
elevated flux of free fatty acids into the portal vein for
direct transport to the liver, resulting in increased hepatic
fat, which suggests that visceral fat is an important
contributor of liver fat content.!8

The endoplasmic reticulum stress due to metabolic
dysregulation is accompanied by accumulation of
unfolded proteins and generation of ROS and
consequently, oxidative stress.!®  The present study
observed presence of oxidative stress in both T2DM
without and with NAFLD when compared to controls as
evidenced by elevated MDA, lowered FRAP and GSH
levels (Table 2) . In line with our finding, studies have
reported significant increase in serum concentration of
MDA, depletion of GSH and significantly lower FRAP
levels in T2DM and/or NAFLD when compared to
controls.2%?* Several lines of evidence suggest that
chronic oxidative stress may be important in the
pathogenesis and progression of NAFLD.?*?? Similarly
present study observed that oxidative stress was more
pronounced in T2DM with NAFLD when compared to
T2DM as indicated by a pronounced elevation in MDA, a
pronounced lowering of FRAP levels, indicative of
exacerbation of oxidative stress in NAFLD of T2DM.

Oxidative stress may lead to activation and release of
proinflammatory cytokines. The potential role of
inflammatory molecules in the development of NAFLD
in T2DM patients has been hypothesized. The present
study observed elevation of TNF-o and IL-6 in T2DM
patients which was more pronounced in T2DM with

NAFLD (Table 3). Our results are in line with studies
reporting similar elevations in serum concentrations of
TNF-a and IL-6 in T2DM patients with NAFLD as
compared with T2DM patients without NAFLD.2°2* Our
findings of a pronounced increase in proinflammatory
cytokines in T2DM patients with NAFLD was associated
with hyperglycemia and oxidative stress, as evidenced
by a significant positive correlation of TNF-o and IL-6
with  FPG, and MDA and significant negative
correlation with FRAP and GSH (Table 4). Inflammation
was observed as an elevation in hs-CRP levels in both
groups of T2DM patients when compared to controls.
This elevation was more pronounced in T2DM with
NAFLD when compared to T2DM without NAFLD,
indicating a progressive inflammatory state. In present
study authors observed significant positive correlation
between hs-CRP and MDA. These findings support the
relationship between oxidative stress and inflammation.

In this study, significantly lower adiponectin levels in
T2DM patients with NAFLD when compared to T2DM
patients without NAFLD and controls were observed. In
accordance with our reports, some studies, including an
Indian study reported significantly lower serum
adiponectin level in T2DM and/or NAFLD patients than
in the control group.?+%2* Adiponectin may preserve
liver function by preventing lipid accumulation in
hepatocytes. Hence, hypoadiponectinemia observed in
T2DM, may play a key role in the pathogenesis of
NAFLD. The underlying mechanism for lower
adiponectin levels may be due to elevated TNF-o and IL-
6 levels, which suppress the transcription of adiponectin
in adipocytes. In support of this authors found a
significant negative correlation of adiponectin with TNF-
a and IL-6. However no significant difference in leptin
levels among the three groups was found. Our findings
are in accordance to a study which observed no
significant change in leptin levels in T2DM patients in
comparison with healthy controls.?®> In the present study
74% of the T2DM patients with NAFLD and 54% T2DM
patients without NAFLD were on treatment with
metformin (3 months to 1 year). Metformin is known to
reduce leptin levels in addition to its effect on glucose
homeostasis.?®

Significantly increased endotoxin levels in T2DM
patients with NAFLD have been observed in this study
(Table 3). This may be due to potential influence of gut
bacteria on the development of hepatocellular steatosis.
Patients with NAFLD are reported to present with upper
intestinal bacterial overgrowth and enhanced intestinal
permeability. Moreover, gut derived endotoxin can be
insufficiently cleared by the steatotic liver, thereby
leading to elevated levels of endotoxin. Endotoxin is
known to have a strong affinity for chylomicrons that
transport dietary lipids through the gastrointestinal
mucosa and promote endotoxin absorption. HDL
cholesterol is one of the most important factors involved
in the elimination and neutralization of endotoxins from
circulation.?” Endotoxin/HDL ratio was used as a
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functional measure of the endotoxin activity.
Endotoxin/HDL ratio was significantly high in T2DM
patients with NAFLD when compared to T2DM patients
without NAFLD (p=0-030) (data not shown). This
suggests that endotoxin activity is high in T2DM patients
with NAFLD. High endotoxin activity combined with
low HDL levels was found to increase the risk for
cardiovascular disease.® Our findings of significant
positive correlation of endotoxin with TNF-a, hs-CRP,
and MDA and a significant negative correlation with
adiponectin, FRAP, and GSH (Table 4) indicate the
association of endotoxinemia with the inflammatory state
and oxidative stress. Endotoxin, by itself is reported to be
a potent inducer of proinflammatory  state.?®
Experimentally induced endotoxemia has been reported
to produce increase in TNF-a which produces a lowering
of adiponectin levels which put together were found to
induce insulin resistance.® In this study, hyperglycemia
as higher FPG was also found to have a significant
positive correlation with endotoxin (Table 4). Elevated
glucose levels have been shown to cause adverse effects
on intestinal motility by potentiating endotoxin
absorption through inhibition of gut motility.3! If the gut
flora turns out to be an important determinant of
endotoxin levels in humans, treatment with probiotics
may prove to be beneficial in NAFLD.

Identifying the best predictors of NAFLD may serve as
targets for therapeutic interventions thereby helping in
the prevention of development of liver disease in T2DM
patients. Hence logistic regression analysis was carried
out by introducing each individual variable that was
found to be significantly altered in T2DM subjects into
the univariate model. The findings revealed that TNF-a,
IL-6, adiponectin, endotoxin, hs-CRP, MDA, BMI, and
WC had a significant association with NAFLD among
T2DM patients (Table 5). When all these variables were
introduced in the multivariate model the findings
revealed that TNF-o, adiponectin, endotoxin, hs-CRP,
and WC remained significantly associated with NAFLD
in T2DM (Table 6). Among these parameters’
adiponectin had highest odds ratio, suggesting that low
adiponectin levels may serve as a strong predictor of
NAFLD among T2DM patients.

The limitations for the present studies were the cross-
sectional design of this study precludes the establishment
of causal or temporal relationship among NAFLD and
T2DM, diagnosis of NAFLD was based on ultrasound
imaging and was not confirmed by liver biopsy.
However, ultrasonography is the most common method
of diagnosing NAFLD in clinical practice and has a
sensitivity of 82 to 89% and a specificity of 93% for
identifying fatty liver infiltrate.3?

CONCLUSION
The findings of the present study demonstrate presence of

inflammation, oxidative stress, elevated TNF-o, IL-6,
lowered adiponectin and endotoxemia, which were

observed in both groups of T2DM subjects when
compared to controls and was more pronounced in T2DM
patients with NAFLD when compared to T2DM patients
without NAFLD, suggests that these may be the
initiating factors for development of NAFLD in T2DM.
Among these markers the low adiponectin levels
observed may be considered as the best predictor of
presence of NAFLD among patients with T2DM.
Adipokines and endotoxins being key players in the
pathogenesis and progression of NAFLD may serve as
therapeutic targets considering that there are no specific
treatment options available for NAFLD. Hence the use of
adipokine based therapeutic agents which are said to have
hepatoprotective actions along with specific inhibitors
directed towards TNF-a and probiotics may be beneficial
in decreasing the systemic inflammatory response.
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