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Abstract

Background: Chronic inflammation has been considered
as a culprit for setting pathophysiological changes which
result in insulin resistance and type 2 diabetes mellitus.
IL-6 is one of the several proinflammatory cytokines
proposed to have an association with type 2 diabetes. Very
few studies on the role of circulatory IL-6 in diabetes have
been published in Bangladesh. To see the association of
IL-6 with insulin resistance in type 2 diabetes mellitus.

Materials and methods: A hospital-based cross-sectional
observational study was carried out in the Department of
Biochemistry, Chittagong Medical College, Department of
Endocrinology of Chittagong Medical College Hospital
and Chattogram Diabetic Hospital. One hundred (100)
type 2 diabetes mellitus patients were included in the
study by non-probability consecutive sampling. Important
variables in this study were serum IL-6, BMI, waist
circumference and duration of Diabetes Mellitus.

Results: The mean serum IL-6 level > 5 pg/ml and total
IL-6 was 10.90+0.37 pg/ml and 10.08+0.39 respectively in
patients with type 2 Diabetes Mellitus. The mean HOMA-
IR was 5.56+0.29 in patients with type 2 diabetes mellitus.
IL6 more than 5 pg/ml was more likely to have increased
waist circumference than IL6 <5 pg/ml group. Increased
IL6 was more likely to have severe insulin resistance in
patients with type 2 diabetes. 74% of the positive outcome
would be correctly predicted by the IL-6 value if the
value was above or equal to 7.51.
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Conclusion: The study results showed higher
concentrations of serum IL-6 in the diabetic group when
compared with a previous reference value. It suggests that
IL-6 being an inflammatory mediator mightbe responsible
for some underlying changes which may contribute to the
development of insulin resistance in type 2 diabetes.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a metabolic
disorder that affects the metabolism of protein,
carbohydrates and fat.!?> Insulin resistance is
characterized by defective receptors, and glucose
uptake in skeletal muscles becomes impaired due
to defective regulation of Glucose Transporter
Isoform 4 (GLUT4).2 Insulin resistance syndrome
is characterised by high levels of insulin, which
significantly raises the chance of developing Type
2 Diabetes Mellitus (T2DM). This syndrome is
well-recognised as a key indicator for the onset of
T2DM.3 Peripheral tissues, which account for over
90% of insulin-stimulated glucose utilisation,
serve as the primary site for insulin-stimulated
glucose disposal. Peripheral tissues, similar to
adipocytes, also exhibit the expression of IL-6.
However, the precise mechanism by which 1L-6
induces insulin resistance in peripheral tissues
remains to be fully understood.*>%7 Several
studies have indicated that the duration of
exposure and amount of IL-6 can influence insulin
sensitivity in peripheral tissues by disrupting the
activity of IRS-1-associated PI3K and the tyrosine
phosphorylation ~ of  STAT3.# Multiple
experimental research have demonstrated that IL-
6 plays an active role in causing insulin resistance
in hepatocytes by enhancing numerous
inflammatory processes.*>%7-8 [L-6 carries out this
function by engaging multiple molecular
pathways, including the JAK/STAT system,
STAT3 phosphorylation, transcription of SOCS-3
and suppression of insulin receptor autophos-
phorylation, as well as tyrosine phosphorylation of
IRS-1 and IRS-2.4? Pro-inflammatory substances,
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specifically IL-6, TNF-o. and other cytokines and
chemokines have specific functions in causing
oxidative stress and inflammation in the B -cells
of pancreatic islets. This finally results in the
malfunctioning of the pancreatic islets.!%!1:12 The
existence of IL-6 in tissues is a typical
occurrence, but its abnormal production is
strongly associated with chronic inflammation,
which is closely connected to several
inflammatory illnesses.!3 IL-6 is also crucial in
the transition from acute to chronic inflammation.
After an immediate inflammatory reaction, IL-6
attaches to sIL-6R and facilitates trans-signalling
via gpl30, resulting in the mobilisation of
monocytes. Extended exposure to IL-6 results in
the occurrence of neutrophilic apoptosis,
phagocytosis, and mononuclear accumulation at
the site of injury.!*!5 Recent investigations have
found that the mRNA expression of IL-6 is
increased in the adipocytes of insulin-resistant
individuals. Furthermore, individuals with
decreased rates of insulin-stimulated glucose
elimination have abnormally increased production
of IL-6.1617 Therefore, this study has been
conducted to observe the association of increased
IL-6 with insulin resistance in type 2 diabetes
mellitus patients.

Materials and methods

This hospital-based cross-sectional observational
study was carried out in the Outpatient
Department of Endocrinology, Chittagong
Medical College Hospital in collaboration with
the Department of Biochemistry, Chittagong
Medical College, Chattogram Diabetic Hospital.
The study was conducted from July 2019 to
January 2023. The study was undertaken after
approval by the Ethical Review Committee of
Chittagong Medical College and the concerned
Departments. Informed consent was obtained
from each subject.

After conducting consecutive non-probability
sampling methods one hundred (100) patients (60
male and 40 female) a mean age of 53.04+8.83 of
type 2 diabetes mellitus patients were enrolled in
this study (Table I).

Inclusion criteria
e Patients with Type 2 Diabetes Mellitus.
o Age > 35 yrs.
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Exclusion criteria

e Chronic liver disease.

e Acute infection.

e Autoimmune disease and malignancy.
e Sepsis, burn.

e Pregnancy.

Subjects were selected from the Outpatient
Department (OPD) of the Department of
Endocrinology, Chittagong Medical College
Hospital and Chattogram Diabetic Hospital who
had come for their regular checkup for Diabetes.
After taking a brief history and preliminary
selection each subject and their informed verbal
consent was taken. Then they were requested to
report to the Department of Biochemistry,
Chittagong Medical College in the morning
between 8.00 and 9.00 am following an overnight
(8-12 hours) fasting. When the subjects were
reported, informed written consent was taken. A
predesigned case record form was used to record
relevant clinical, medical, demographic and socio-
economic data from subjects.

The cut-off point of normal IL-6 was considered
by <5pg/ml.'8

Serum Interleukin-6 was measured by a
commercially available IL-6 kit which is an in-
vitro chemiluminescence immunoassay for
quantitative determination (MAGLUMI 2000).
BMI and WC (Waist circumference) were
measured by standard procedure. The fasting
serum blood glucose was measured by glucose
oxidase enzymatic kinetic method using an auto
analyzer. 2HPPBS was measured by an auto-
analyzer Simens dimension EXL 200.

HOMA-IR.1%2 HOMA-IR is computed as
follows: fasting insulin (WIU/ml) x fasting glucose
(mmol/1)/22.5

HOMA-B: Normal Insulin secretory capacity 50-
70%.'921 HOMA-B was calculated using the
following formula: (20 x fasting insulin
(WU/ml)/fasting glucose (mmol/ml) -3.5)%.

All the data has been processed and analyzed
using IBM-SPSS (Statistical Package for Social
Science) v 25.0 for Windows. p-value < 0.05 will
be considered to be statistically significant.
Variables expressed as mean + Standard Error of
Means (SEM)/SD. The normality of the
distribution of the data has been tested by the
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Kolmogorov-Smirnov Test and a p-value greater
than 0.05 indicated that the observed distribution
of a variable is not statistically different from the
normal distribution. The Pearson correlation test
has been applied whenever necessary to see the
statistical significance. A chi-square test was done
to see the association between categorical
variables. ROC curve analysis was observed to
determine the sensitivity and specificity of IL-6
with the severity of insulin resistance. Necessary
permission was obtained before start the study
from the proper authorities.

Results

Table I Baseline Anthropometric and sociodemographic
parameters of the Study population (Type 2 Diabetes
Mellitus) patient (n=100)

Variables of Type Il

Diabetes Mellitus Mean + StandardDeviation 77 RangeMedian

Patients'| 0 0 (Min-Max)

0 Malell'  Female[ Aggregatel! O

Age (Years)] 5540890 49.50+7.30 53.048.8371  40-8277 52.50

Height (cm) ] 163.056.771 157.28+6.971 160.74£7.301 137-1861160.50

BMI(kgm?d) | 27964400 28.0:437 27.93+4080 21480 28

Waist circumference (cm)100.38+7.201 95.15+11.700 100.21+8.301 75-150C 100

Duration of Diabetes

Mellitus (Years) (! 60.544.030)  5.5+4.100 6.15+4.100 1 month

0 a0 0 f022yearsT 6

0 Gender distribution

0 Malel 0 Female

0 60" 0 40

Table I contain the mean and standard deviation
of anthropometric and sociodemographic

parameters reflecting 60% of the study population
was male and 40% was female. the mean age of
men was 55.40+8.9 years and of the women
49.50+7.3 years. The mean BMI of the men was
27.96+4.0 kg/m? and of the women 28.0+4.3
kg/m?. The mean waist circumference of the men
was 100.38+7.2 cm and of the women 95.15+11.7
cm. In the study population, the mean age was
53.04+8.83 years. The mean BMI was 27.934+4.08
kg/m?. The mean waist circumference was
100.21+8.3. The mean duration of diabetes
mellitus was 6.15+4.10 years. The Median age of
the patients was 52.50 years, the median BMI was
28 kg/m?, the median waist circumference was
100cm and the median duration of diabetes was 6
years.
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Table II Distribution of Risk factors of insulin resistance
in Type 2 Diabetes Mellitus (n=100)

Risk factors of insulin resistance[] ~ Percentage (%)

BMIL NormallJ 4%
O Overweight[] 14%
O Obesel ! 82%
Waist Circumference ! Male > 90cm! ] 60%
O Female > 80 cm[] 40%
HOMA-IR[] 1.5-2.51] 5%
ad >2.5-3[1 12%
ad >3] 83%
HOMA-Betal <50%!] 86%
d > 50%1[ 14%
Duration of Diabetes

Mellitus (Years)[! = Syrsl] 65%
ad <Syrsl] 35%
History of Diabetes

Mellitus in 1 relativel! Yesl! 76%
d Nol 24%

Table II contains 14% & 82% of type 2 Diabetes
Mellitus patients were overweight and obese. The
male had an increased frequency of waist
circumference than the female. About 83% of the
sample had severe (HOMA-IR >3) insulin
resistance. 86% of Type 2 Diabetes Mellitus
Patients had < 50% insulin secretory defect. 65%
of Type 2 Diabetes Mellitus patients had a history
of more than 5 years of Diabetes. Diabetes
Mellitus in 1° relative was 76%.

Table III Descriptive statistics of Biochemical data in
Type 2 Diabetes Mellitus patients (n=100)

Parameter (n=100)"" Mean £ SEMTI Median” Range
Fasting Blood Sugar (mmol/L) 11.39+0.36 10.65 7.0:208
2 hours Postprandial Blood
glucose (mmol/L) 17.25£05200 15,750 §5-31.9
Serum IL6 (pg/ml) >C SpgmlC 10900377 11.03C 5.31-19.86
<Spg/mlT] 456£0.077 4587 414487
0 Total™l 10080397 9820 4141986
Serum Fasting Insulin
(ulUfml)™ 1084203971 9930 4312461
HOMA-IRJ 5.56£0.297 4740 1701707
HOMA-§ C 33.0£1.767 30830 7839354

Table III contains Mean Fasting Blood sugar is
11.39 mmol/L, the mean 2 hours postprandial
blood glucose is 17.25 mmol/L, the mean serum
IL6 concentration is 10.01 pg/ml, the mean serum
fasting Insulin 10.95 plU/ml mean HOMA-IR
value is 5.56, mean HOMA-B is 33%.
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Table IV Chi-square test (Xz) significance (n=100) to test
the association of serum IL6 and waist circumference
among type 2 diabetes mellitus patients

IL6 status '] Waist circumference

O Male (n=60)L] Female (n=40)

a Normal[| Increased! Normalll  Increased
IL6>Spg/mlll 700 4901 2501 25
IL6 <5 pg/ml! 2l 200 0 10
p-valuel! Significant at < 0.05[] Significant at < 0.05

A chi-square test for independence with oo = 0.05
has been wused to assess whether waist
circumference is associated with serum IL6
concentration. The chi-square test is statistically
significant, y* (Male, df,1, N=60, 4.11 and Female,
df,1; N=40,7.06), p < 0.05, with a Phi coefficient of
0.26 for male and for female 0.46, indicating a
moderate relationship. As seen in Table IV, IL6
more than 5 pg/ml is more likely to have increased
waist circumference than IL6 <5 pg/ml group.

Table V Chi-square test showing the association between
IL6 and HOAM-IR (n=100)

0 0O HOMA-IRII [ Chi-square’]  p-Value
0 0 O O O Value

O O >3 <30 Total[] 25.79611 <0.01
0 >S5pgmld 780 80 86

IL60 <Spgml™ S0 90 14

[ Totalll 8501 1500 100

A chi-square test for independence with o = 0.05
has been used to assess whether insulin resistance
is associated with serum IL-6 concentration. The
chi-square test is statistically significant, x> (df,1,
N=100) = 25.79, p < 0.01, with a Phi coefficient
of 0.508, indicating a strong relationship. As seen
in Table V, IL6 more than 5 pg/ml is more likely
to have severe insulin resistance than IL6 < 5
pg/ml group.

ROC Curve

Sensitivity

1-Specificity

Figure 1 Receiver Operating Characteristic Curve for
Severe Insulin resistance
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ROC curve Test the Test variable IL-6 value with
the outcome variable severity of Insulin
resistance. The value of 7.51 as a cut-off value
was seen that the sensitivity is 74% and that the
False Positive rate is equivalent to 44 % (i.e. a
Specificity of 56%). It means that if 7.51 was
chosen as a cut-off point, 74% of the positive
outcome would be correctly predicted by the 1L-6
value if the value is above or equal to 7.51. On the
other hand, 44% of the positive outcomes would
be incorrectly predicted. The coordinates
(0.44,0.74), lead to a cutoff value 7.51 from the
table below :-

0 Area Under the Curve

O Test Result Variable(s): IL-6

\ \ \ Asymptotic 95%

0 T Asymptotic Sig.[ Confidence Interval
Area”] | Std. ErrorD  P-valuet [ ower Bound| Upper Bound
0.686" 0.0837] 0.0197] 0.5247] 0.849

Here 0.5<AUC<I1, (0.686) so there was a high
chance that the classifier could distinguish the
positive class values from the negative ones. This
was so because the classifier can detect more
numbers of True positives and True negatives than
False negatives and False positives.

Discussion

This study was designed and conducted to observe
the association of serum IL-6 with insulin
resistance in type 2 diabetes mellitus. It was
observed by Van, Greevenbroek. et al. that excess
visceral obesity, particularly excess visceral
adiposity, could lead to chronic low-grade
inflammation.?? In this study type 2 diabetes
mellitus patients have a mean IL-6 of 10.08+0.39
pg/ml (Table IIl) and the value was more than
normal. Laishram, V. et al. and Marques-Vidal,
p. et al. also observed such kind of increased
mean IL-6 in their study.?3->4

A greater number of adipose tissue macrophages
were held accountable for the increased plasma
concentration of pro-inflammatory cytokines
including IL-6 as cited by Stephens, J. W. et al.?
According to the findings of this study, the serum
IL-6 concentration in type 2 Diabetes Mellitus
patients was associated with waist circumference
(Table IV). The mean waist circumference in this
study was 100.21£8.3 cm (Table I). Such Adiposity
and insulin resistance are commonly found in type
2 diabetes mellitus as cited by Park, H. S., et al.2¢
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The mean HOMA-IR in the study was 5.56+0.29
and the median was 4.74. The study conducted by
Amina Nadeem, et al. found mean HOMA-IR was
4.78. ElI-Byoumy, I. also found a mean increase in
HOMA-IR about 6.3.2728 There was a significant
association between IL-6 and HOMA-IR in type 2
diabetes mellitus patients (Table V).

The value of 7.51 as a cut-off value showed that
the sensitivity is 74% and that the False Positive
rate is equivalent to 44 % (i.e. A Specificity of 56
%) (Figure 1). Mieldazis et al. examined the
correlation between BMI, HOMA-IR, and insulin
levels in children who were obese.?’
They determined a robust correlation between
hyperinsulinemia and obesity, and that when the
Body Mass Index (BMI) increases, so does the
Homeostatic Model Assessment of Insulin
Resistance (HOMA-IR). In this study, it was
observed that there was hyperinsulinemia of mean
10.84 ulU/ml (Table IIT) with increased frequency
of HOMA-IR > 3 (83%) (Table II) in patients
with type 2 diabetes mellitus.

In summary, it was seen in all of the cited studies
in this context that, there was a significant
association of pro-inflammatory markers like IL-6
with insulin resistance (HOMA-IR) in type 2
diabetes mellitus.

Limitations

The study had a small sample size that might not
reflect the generalization of the findings to the
reference population. Univariate association of
IL-6 with the grading of HOMA-IR can not be
conducted due to the lack of an age-gender-
matched control group.

Conclusion

From this study, it can be concluded that there
was a significant association of increased IL-6
with insulin resistance in type 2 diabetes mellitus
patients. Abdominal obesity which is reflected by
increased waist circumference is considered to be
an important risk factor for increased levels of IL-
6 concentration in type 2 diabetes. The ongoing
subclinical chronic inflammation in peripheral
tissue could have an explanation for insulin
resistance and poor glycemic control in type 2
diabetes patients.
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Recommendations

A case-control study is indicated to see the
univariate association with the increased serum
IL-6 concentration in type 2 diabetes mellitus. The
correlation between IL-6 and Hs-CRP needs to be
evaluated. A feasibility study may be aimed to
convey awareness regarding the measurement of
inflammatory marker serum IL-6 and Hs-CRP in
type 2 Diabetes Mellitus and its complications.
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