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ABSTRACT

Interleukin-6 (IL-6) is one of the pro-inflammatory cytokines responsible for inducing tissue-specific and/or systemic
inflammation, which is a major contributor to the induction of inflammation of pancreatic islet cells. Inflammation of
pancreatic cells causes impaired insulin secretion and Type 2 Diabetes Mellitus (T2DM). This study aims to determine the
levels of IL-6 in T2DM patients with different levels of severity. A cross-sectional study of 46 subjects was performed with 21
in the controlled T2DM group and 25 in the uncontrolled T2DM group. Interleukin-6 levels were measured using the ELISA
method. The statistical tests used were the Mann-Whitney test and the Spearman test. The test results were significant if the
p-value <0.05. The level of IL-6 in uncontrolled T2DM was higher (64.00+77.65 pg/mL) than in controlled T2DM
(31.25+11.04 pg/mL). Although the levels in both groups were different, the value was not statistically significant (p=0.120).
There was no significant correlation found between HbAlc and IL-6 (p=0.125, r =0.230). Several experimental studies have
shown that IL-6 inhibits glucose-stimulated insulin secretion from pancreatic islets in experimental animals. However, some
of them revealed that acute exposure to IL-6 did not appear to affect pancreatic islet cell function, which is still controversial
today. This study found a tendency of increased IL-6 in high-severity T2DM compared to low-severity T2DM although not

statistically significant. Further studies with more clinically homogeneous samples are still needed.
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INTRODUCTION

Diabetes Mellitus (DM) is a group of metabolic
diseases characterized by hyperglycemia that occurs
due to defects in insulin secretion, insulin action, or
both. Diabetes mellitus is called "the silent killer"
because this disease can affect all organs of the body
and cause various complaints. Diseases that can be
caused include visual impairment, cataracts, heart
disease, kidney disease, impotence, difficult healing
wounds, gangrene, lung infections, blood vessel
disorders, and stroke. Symptoms occurring in people
with diabetes mellitus are polydipsia, polyuria,
polyphagia, weight loss, and tingling.*

Epidemiological research shows a tendency for
increased incidence and prevalence of Type 2
Diabetes Mellitus (T2DM) in various parts of the
world. The World Health Organization (WHO)
predicts an increase in the number of people with
DM, making it a global health threat. The WHO
predicts an increase in the number of people with
diabetes in Indonesia, from 8.4 million in 2000 to
around 21.3 million in 2030. This report shows an
increase in the number of people with diabetes of

2-3 times in 2035. Meanwhile, the International
Diabetes Federation (IDF) predicts an increase in the
number of people with diabetes in Indonesia from
9.1 million in 2014 to 14.1 million in 2035.* Insulin
resistance in muscle and liver cells, and pancreatic
beta cell failure have been recognized as the
pathophysiology of central damage in T2DM.

Recent research has shown that beta cell failure
occurs earlier and is more severe than previously
thought.”® Glycosylated hemoglobin (HbAlc)
reflects blood glucose levels corresponding to the
life span of erythrocytes, which is about 120 days.
High HbAlc levels were found in patients with high
fasting blood glucose levels, elevated postprandial
blood glucose levels, or both. Of all the glycated
proteins, HbAlc is used as the gold standard for
controlling blood sugar in patients with T2DM.”

In recent decades, there has been evidence that
cytokines induce an acute phase response (referred
to as low-grade inflammation), which is part of the
activation of the innate immune system and is
strongly associated with the pathogenesis of T2DM
and is associated with complications such as
dyslipidemia and atherosclerosis. Low-grade
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systemicinflammation plays a role in the induction of
stress on the endoplasm due to increased metabolic
demand for insulin. Type 2 diabetes is characterized
by peripheral insulin resistance and decreased
insulin  production, accompanied by chronic
low-grade inflammation in peripheral tissues such as
adipose, liver, and muscle. This illustrates the
important role of inflammation in the pathogenesis
of T2DM, which is considered an immune disorder.*’

Several studies have found that type 2 diabetes
patients have higher levels of inflammatory markers
such as Interleukin-6 (IL-6), C-Reactive Protein (CRP),
Plasminogen Activator Inhibitor-1 (PAI-1), Tumor
Necrosis Factor- (TNF-), Vascular Cell Adhesion
Molecule-1 (VCAM-1) and Intercellular Adhesion
Molecule-1 (ICAM-1).** Insulin secretion is mainly
affected by the formation of oxidative stress and the
induction of inflammation in pancreatic cells. IL-6,
which is also a major contributor to the induction of
inflammation of pancreatic islet cells, which
ultimately leads to impaired insulin secretion and
type 2 diabetes, is one of the factors involved in the
formation of oxidative stress and inflammation in
pancreatic cells. Glucose stimulated insulin secretion
from the pancreatic islets in experimental animals,
but several studies have also found that acute
exposure to IL-6 does not appear to affect pancreatic
islet cell function, so this is controversial. Despite this
controversy, chronic exposure to IL-6 is responsible
for inducing tissue-specific and/or systemic
inflammation, which is one of the main causative
factors in decreased insulin secretion from
pancreatic islet cells. IL-6 is associated with
malignancy, cardiovascular disease, renal
insufficiency, acute infection, and obesity. A recent
study by Nguyen and colleagues identified IL-6 as an
important marker for microvascular complications in
diabetes and identified it as a mediator that may play
a role in the development of cardiovascular disease.
Yasa et al. found that mean plasma IL-6 levels in DM
patients with retinopathy were higher than those
without retinopathy.****?

Several studies on IL-6 levels in T2DM patients
have been carried out in several journals, but to the
author's knowledge, no one has reported an analysis
of IL-6 levels in DM patients with different severity in
Makassar. The purpose of this study was to
determine differences in IL-6 levels in T2DM patients
with different levels of severity.

METHODS

This research was a cross-sectional study and was
carried out at the Clinical Pathology Laboratory

Installation at Hasanuddin University Hospital and
Dr. Wahidin Sudirohusodo for sampling and
research at the Hasanuddin University Medical
Faculty Research Unit/Hasanuddin University
Hospital. The research was conducted in
September-October 2021.

The study population was all patients diagnosed
with T2DM by clinicians. The research sample
consisted of patients with T2DM who met the
research criteria (inclusion criteria) during
September-October 2021. The inclusion criteria in
question were all patients diagnosed with T2DM by
clinicians and who had HbAlc levels checked.
Patients with malignancy, acute infection, anemia, a
history of cardiovascular disease, and renal
insufficiency were excluded from the study. The
classification of controlled and uncontrolled type 2
diabetes was based on HbAlc levels. Research
subjects with HbAlc levels of < 7% were classified
into the controlled T2DM group. Subjects with
HbAlc levels of >7% were classified as uncontrolled
T2DM groups. Interleukin-6 levels were measured by
an Enzyme-Linked Immunosorbent Assay (ELISA)
with a double antibody sandwich on streptavidin-
biotin base, using the Human IL-6 Platinum ELISA,
which was expressed in units of picograms per
milliliter (pg/mL)."

Data analysis was performed using SPSS. The
normality of the data was tested using
Kolmogorov-Smirnov. The statistical tests used were
the Mann-Whitney test and the Spearman test. The
test results were significant if the p-value was 0.05.

This research was conducted after obtaining
ethical clearance by considering respect for subject,
beneficence, non-maleficence, and justice from the
Health Research Ethics Commission (KEPK) Faculty of
Medicine, Hasanudin University-RSPTN UH-RSUP
Dr. Wahidin Sudirohusodo Makassar with number
609/UN4.6.4.5.31/PP36/2021.

RESULTS AND DISCUSSIONS

A total of 46 patients with a diagnosis of T2DM
from the age of 24-80 years, with most aged in the
range of 41-60 years, were included. Based on
gender, most of the subjects studied were males in
the uncontrolled or controlled type 2 diabetes
groups (Table 1).

The cross-sectional study involved 46 research
subjects who met the inclusion and exclusion criteria.
The sample characteristics in Table 1 show that the
number of males with T2DM was higher than that of
females. Based on the results of the study in Table 1,
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Table 1. Characteristics of T2DM patients

Characteristics Uncontrolled Controlled
T2DM (n=25) T2DM(n=21)
Gender
Male 13 (52%) 11 (52.4%)
Female 12 (48%) 10 (47.6%)
Age
21-40 years 1 (4%) 1(4.8%)
41-60 years 16 (64%) 13 (61.9%)
60-80 years 8 (32%) 7 (33.33%)

Source: Primary data

it was also found most research subjects were
patients aged 41-60 years, both in the uncontrolled
and controlled groups of T2DM patients. The results
of this study are from a study conducted by Yuniarti
et al. who reported that the average age of patients
with T2DM was generally above 50 years old. In
addition, a study conducted by Sunjaya also found
that the age group with the most diabetes mellitus
was the 45-52 years old age group.

Table 2 shows the comparison between the levels
of IL-6 in the uncontrolled and controlled T2DM
groups. The level of IL-6 in uncontrolled type 2
diabetes was higher (64.00£77.65 pg/mL) than in
controlled type 2 diabetes (31.25+£11.04 pg/mL).
Although different, the results of statistical tests
showed that the difference was not significant, with p
=0.120.

Table 2 explains that the levels of IL-6 in the
uncontrolled T2DM group were higher than in the
controlled T2DM group, even though there was no
statistically significant difference (p=0.120). Several
experimental studies have shown that IL-6 inhibits
glucose-stimulated insulin secretion from the
pancreatic islets in experimental animals, but several
studies have also found that acute exposure to IL-6
does not appear to affect pancreatic islet-cell
function, so this is controversial. This is in line with
what Dan et al. stated, that although a large number
of previous studies have been carried out, the role of
IL-6 in insulin resistance remains controversial.
Phosat et al. also suggested that although the
relationship between IL-6 and type 2 diabetes was

proposed by Sari et al,, which found thatIL-6 levelsin
uncontrolled diabetic patients were higher than in
poorly controlled and controlled diabetic patients
(p<0.05). Several factors that can affect IL-6 levels,
such as malignancy, cardiovascular disease, kidney
disease, and acute infections, have been ruled out in
this study, but the measurement of Body Mass Index
(BMI) was not carried out in this study, so obesity in
T2DM patients could still be a confounding factor in
this study. "

Interleukin-6 is a multifunctional cytokine with
complex roles and is expressed in many cells,
including immune cells, skeletal muscle cells, and
pancreatic cells. Interleukin-6 has a dual role in
modulating insulin sensitivity, which can act as either
an enhancer or an inhibitor of insulin action. In
addition, IL-6 is responsible for the recruitment of
macrophages to adipose tissue in obesity, which
leads to the development of inflammation, insulin
resistance, and type 2 diabetes. Insulin-stimulated
tyrosine phosphorylation and insulin-stimulated
glucose transport lead to impaired insulin signaling
and action.”*
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Figure 1. IL-6 levels between uncontrolled and
controlled T2DM

A Spearman's test was performed to assess the
correlation betweenIL-6 levels and HbAlclevels. The
results of the Spearman correlation test (Table 3)
showed no significant correlation was found
between HbAlclevelsandIL-6 (r =0.230, p=0.125).

Table 3.1L-6 level correlation test with HbAlc levels
IL-6 (pg/mL)

Parameter

revealed in several studies, the role of IL-6 as a r p*
predictive marker for type 2 diabetes is still being HbAlc (%) 0.230 0.125
investigated. This is in contrast to the study Description: *Spearman test
Table 2. Comparison of IL-6 levels in uncontrolled and controlled T2DM groups
IL-6 T2DM is not Controlled Controlled T2DM p
(pg/mL) (n=25) (n=21)
Mean+SD 64.00+77.65 31.25+11.04 0.120*

Median (min-max)

31.09(13.98-324.28)

26.63(22.68-64.32)

Description: *Mann-Whitney test
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Figure 2. Correlation of HbAlc levels with IL-6

The points in Figure 2 are the intersections
between the HbAlc and IL-6 values for each subject.
The green line is a trend line (tendency) that appears
to be going up, which means (if the test results are
significant) the higher the HbA1c, the higher the IL-6.
In this study, showed no significant correlation was
found between HbAlc levels and IL-6 (r =0.230,
p=0.125). Optimal glycemic control is needed to
control DM and prevent the worsening of DM so that
the increase in proinflammatory cytokines and
antioxidant imbalance due to oxidative stress can
be controlled. Glycated hemoglobin (HbAlc) is used
as a biomarker of glycemic control in diabetic
conditions because it describes blood glucose levels
in the last 60-90 days. The results of the study by
Qiao et al. found that HbAlc levels were positively
correlated with cytokine levels. In addition to
describing the history of blood glucose control in
DM, HbAlc is also used as a prognostic indicator in
the development of complications in DM. Several
studies have found that HbAlc is significantly
correlated with cytokine concentrations in diabetic
nephropathy.”* Krystallenia et al. reported that the
different inflammatory states in some patients with
type 2 diabetes may indicate a variety of different
clinical histories. Their findings suggest that the level
of inflammation can influence the level of
inflammatory cytokines in DM patients.”**

This study has several limitations. The patients
who participated in this study were not screened for
BMI measurements to determine obesity status,
which could be a confounding factor and could
affect IL-6 levels. The lack of previous research
studies similar to this study is also another limitation
of this study.

CONCLUSIONS AND SUGGESTIONS

This study found a tendency of increased IL-6 in
type 2 diabetes with high severity rather than low

severity, although statically insignificant. Further
research must be done using samples that are more
clinically homogeneous and in various hospitals.
Further research related to IL-6 with different
research subjects and from various
characteristics/variablesis also needed.
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