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Association of Serum Interleukin-6 
and Erythrocyte Sedimentation Rate 
with Glycemic Control and Body Mass 
Index in Type 2 Diabetes Mellitus: 
A Comparative Cross-sectional Study

INTRODUCTION
Diabetes Mellitus (DM) is a multifactorial metabolic disorder 
marked by chronic hyperglycaemia resulting from defects in insulin 
secretion, insulin action, or both [1]. Chronic elevation in blood 
glucose is associated with progressive damage, dysfunction, and 
failure of vital organs such as the eyes, kidneys, nerves, heart, and 
vasculature [1,2]. Among the two major clinical types of DM, T2DM 
is the most prevalent, accounting for more than 90% of all cases 
globally [3,4]. It is primarily characterised by insulin resistance, 
usually accompanied by a relative insulin deficiency [5]. The disease 
develops insidiously, with patients often remaining undiagnosed for 
years until complications manifest.

According to the International Diabetes Federation, the global 
burden of diabetes was estimated at 415 million in 2015, with 
projections indicating a rise to 642 million by 2040 [6]. India faces 
an alarming surge in prevalence, with an estimated 79.4 million 
cases expected by 2030, largely attributable to rapid urbanisation, 
sedentary lifestyles, and genetic predisposition [7,8]. Inflammation 
plays a pivotal role in the pathogenesis and progression of 
T2DM and its associated microvascular and macrovascular 
complications. 

Interleukin-6 (IL-6), a pleiotropic proinflammatory cytokine, has 
gained attention for its central role in inflammatory and immune 

responses. It is secreted by various cells including adipocytes, 
fibroblasts, endothelial cells, monocytes, and activated leukocytes 
[8]. The IL-6 gene encodes this cytokine, which functions as a 
primary mediator of the acute-phase inflammatory response and is 
involved in the transition from acute to chronic inflammation [9].

In T2DM, chronic hyperglycaemia triggers oxidative stress and 
inflammation, leading to endothelial dysfunction and vascular 
damage. Elevated IL-6 levels have been positively correlated 
with insulin resistance and have been proposed as a predictive 
biomarker for the onset of diabetes and its complications, 
including diabetic retinopathy, nephropathy, and neuropathy [10-
12]. IL-6 induces hepatic production of C-reactive Protein (CRP) 
and other acute-phase proteins, thereby perpetuating systemic 
inflammation [13]. Moreover, the ESR, a non specific marker of 
inflammation, has been reported to be higher in individuals with 
T2DM, further highlighting the inflammatory milieu associated 
with the disease [9]. Comparative studies assessing IL-6 and 
ESR levels in diabetics and healthy individuals can help elucidate 
the role of systemic inflammation in T2DM pathogenesis and 
complications. Thus, the present study aims to evaluate and 
compare the levels of IL-6 and ESR in patients with T2DM and 
healthy controls, thereby exploring their potential as markers for 
disease severity and progression.
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ABSTRACT
Introduction: Type 2 Diabetes Mellitus (T2DM) is a chronic 
metabolic disorder marked by insulin resistance and persistent 
hyperglycaemia. Increasing evidence indicates that low-grade 
systemic inflammation contributes to its development and 
progression. Interleukin-6 (IL-6), a proinflammatory cytokine, 
serves as a potential marker of metabolic and vascular 
complications. Similarly, elevated Erythrocyte Sedimentation 
Rate (ESR) reflects ongoing inflammation and correlates with 
poor glycaemic control.

Aim: To assess and compare serum IL-6 and ESR levels in 
patients with T2DM and healthy controls, and to evaluate their 
correlation with glycaemic indices and Body Mass Index (BMI).

Materials and Methods: This comparative cross-sectional 
study included 66 participants: 33 diagnosed T2DM patients (on 
treatment for 2-5 years) and 33 age and sex-matched healthy 
controls. Fasting Blood Sugar (FBS), Glycated Hemoglobin 
(HbA1c), ESR, BMI, and serum IL-6 were measured. IL-6 levels 

were estimated using sandwich Enzyme Linked Immunosorbent 
Essay (ELISA). Statistical analysis was performed using the 
Mann-Whitney U test and Spearman’s correlation, with p<0.05 
considered significant.

Results: T2DM patients showed significantly higher mean 
FBS (132.7 mg/dL), HbA1c (7.56%), ESR (25.76 mm/hr), IL-6 
(103.0  pg/mL), and BMI (25.70 kg/m2) compared to controls 
(p<0.001 for all). A weak but statistically significant positive 
correlation was found between IL-6 and BMI (ρ=0.38, p=0.03). 
HbA1c also showed a positive trend with ESR. Although IL-6 
levels were higher in patients with longer diabetes duration, the 
difference was not statistically significant.

Conclusion: To conclude, IL-6 and ESR levels were significantly 
elevated in T2DM, indicating a strong inflammatory component 
in the disease. IL-6 showed a positive correlation with BMI, 
supporting its role in obesity-related inflammation. These 
findings highlight the potential utility of IL-6 as a biomarker for 
monitoring inflammation and disease progression in T2DM.
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Immune complexes were quantified turbidimetrically. Results were 
expressed as HbA1c (%)=(HbA1c/Hb)×91.5+2.15. The normal 
range is 4.8-5.9% [2,15-17].

Erythrocyte Sedimentation Rate (ESR): ESR was measured using 
the Westergren method. Two milliliters of venous blood were mixed 
with 0.5 mL of 3.8% sodium citrate. The anticoagulated sample 
was drawn into a Westergren tube, and erythrocyte sedimentation 
was recorded after one hour. Normal values: 0-15 mm/hr for men, 
0-20 mm/hr for women [18].

Interleukin-6 (IL-6): IL-6 levels were measured using a sandwich 
ELISA on a Multiscan FC microplate reader. Serum IL-6 bound to 
monoclonal capture antibodies, followed by biotinylated detection 
antibodies and streptavidin-HRP. TMB substrate produced a blue 
colour that turned yellow upon stopping the reaction and was read 
at 450 nm. The assay was sensitive to 2 pg/mL, with no cross-
reactivity with IL-1, IL-10, or TNF-α [8-12]. Serum was stored at 
-70°C. Reference IL-6 range: <5-10 pg/mL [8,9].

Statistical Analysis
Statistical analysis was performed using Statistical Package for Social 
Sciences (SPSS) version 22.0. Quantitative variables were expressed 
as mean and standard deviation, and categorical variables as 
frequencies and percentages. The Mann-Whitney U test compared 
continuous variables, while the Chi-square test assessed categorical 
differences, including gender and blood pressure. Spearman’s 
correlation analysed associations between serum IL-6 and study 
parameters. A p-value <0.05 was considered significant. Spearman’s ρ 
values were interpreted by standard correlation strength categories.

RESULTS
The study included 66 participants, 33 type 2 diabetics on oral 
hypoglycaemics and 33 age and sex-matched controls. The mean 
age of participants in the case group was 51.2 years (±6.2), while that 
of controls was 48.3 years (±4.2). The difference in age distribution 
between groups was not statistically significant (p=0.06), indicating 
appropriate age matching. Regarding gender, 33.3% of cases and 
27.3% of controls were male, while females comprised 66.7% 
and 72.7% of the respective groups. The gender distribution also 
showed no statistically significant difference (p=0.59) [Table/Fig-1].

Materials and Methods
The present comparative cross-sectional study was conducted 
over a period of one year at the Government Medical College, 
Kozhikode, Kerala, India. The primary objective was to assess and 
compare selected inflammatory and glycaemic parameters among 
T2DM patients and healthy controls. The study was conducted 
after Institutional Ethical Committee clearance (ref no. GMCKKD/
RP2017/EC/185) and informed consent from study participants.

Sample size calculation: Sample size was calculated using the 
formula:

(Zα+Zβ)2×SD2×2

d2

SD from the reference study=2.35+0.51=1.43 [5]

Hence, substituting the values in equation with (for 80% power and 
5% level of significance)=32.71 was the calculated sample size for 
the present study.

Where:

•	 SD (Standard Deviation) from a reference study was taken as 1.43

•	 Zα+Zβ=2.8 (for 80% power and 5% level of significance)

•	 d (mean difference to be detected)=1

Thus, a total of 33 subjects per group was included, making the 
overall sample size 66 participants.

Inclusion and Exclusion criteria: The study included diagnosed 
Type 2 Diabetes Mellitus (T2DM) patients of both sexes, aged 
30-65 years, undergoing treatment for 2-5 years and attending 
the outpatient department. Age and sex-matched healthy, non 
diabetiglobal check individuals were recruited as controls from 
hospital staff and visitors who provided informed written consent. 
Exclusion criteria for cases included acute illness, coronary artery 
disease, hepatic dysfunction, chronic kidney disease, pregnancy, 
malignancy, substance abuse, or inflammatory disorders. Controls 
unwilling to provide consent were excluded.

A non probability consecutive sampling technique was used. 
Diabetic patients were recruited from the Internal Medicine outpatient 
department, and controls from hospital staff and attendees.

•	 Group 1 (Cases): 33 patients with T2DM on treatment for 
2-5 years.

•	 Group 2 (Controls): 33 age and sex-matched healthy non 
diabetic individuals.

Study Procedure
After obtaining written informed consent, participants were 
interviewed and examined for demographic and clinical details. 
Venous blood (5 mL) was collected between 8:00 AM and 10:00 
AM after an overnight fast of 12 hours using standard aseptic 
venipuncture into plain vacutainers without anticoagulant. Samples 
were allowed to clot and centrifuged at 1500 rpm for 15 minutes to 
separate serum. One millilitres was used for immediate analysis, and 
the remainder stored at -80°C for IL-6 estimation. Body Mass Index 
was calculated as weight (kg) divided by height squared (m2).

Fasting Blood Sugar (FBS): Fasting blood sugar was estimated 
using the Glucose Oxidase-Peroxidase (GOD-POD) method. In this 
enzymatic assay, glucose is oxidised to gluconic acid and hydrogen 
peroxide, which reacts with 4-aminoantipyrine and phenol in the 
presence of peroxidase to form a red quinoneimine dye. Absorbance 
was measured at 505 nm. Glucose concentration was calculated 
as (Absorbance of Sample/Absorbance of Standard)×100. The 
reference range for fasting glucose is 70-105 mg/dL [14,15].

Glycated Hemoglobin (HbA1c): HbA1c levels were measured 
using the Turbidimetric Inhibition Immunoassay (TINIA) on the 
Cobas  e 311 analyser. The assay involves red cell lysis, antibody 
binding to HbA1c, and competitive inhibition by polyhapten. 

Variables Category
Cases 
(n=33)

Controls 
(n=33) p-value Statistical test

Age 
(years)

Mean±SD 51.2±6.2 48.3±4.2
0.06

Mann-Whitney 
U testRange 32-61 39-55

Gender
Males 11 (33.3%) 9 (27.3%)

0.59 Chi-square test
Females 22 (66.7%) 24 (72.7%)

[Table/Fig-1]:	 Age and gender distribution among study subjects.

[Table/Fig-2] shows statistically significant differences between 
cases and controls across all biochemical and inflammatory 
parameters. Mean FBS was higher in diabetics (132.70 mg/dL) than 
controls (96.61 mg/dL; p<0.001). Mean HbA1c was 7.56% in cases 
and 4.58% in controls (p<0.001), indicating poor glycaemic control 
in cases. ESR and IL-6 were significantly elevated in cases (25.76 
mm/hr and 103.00 pg/mL) compared to controls (8.67 mm/hr and 
14.18 pg/mL), with p<0.001 for both parameters. BMI was also 
higher in cases (25.70 vs. 20.82 kg/m2; p<0.001).

[Table/Fig-3] illustrates the distribution of participants based on blood 
pressure status, comparing diabetic cases and healthy controls. A 
distinct difference was observed between groups. Among cases, 
57.6% had stage  I hypertension, 39.4% were prehypertensive, and 
only 3.0% had normal blood pressure. In contrast, 69.7% of controls 
were prehypertensive, 24.2% had normal blood pressure, and only 
6.1% had stage I hypertension. This difference was statistically highly 
significant (χ2=21.984, p<0.001), indicating a strong association 
between type 2 diabetes and elevated blood pressure.
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correlations with IL-6 (p=0.06). IL-6 was more closely associated 
with inflammation and adiposity in diabetics than controls.

[Table/Fig-6] presents a scatterplot of BMI (Kg/m2) versus IL-6 (pg/
mL) in diabetic cases. Each dot represents a participant, with BMI 
on the x-axis and IL-6 on the y-axis. IL-6 levels ranged from near 0 
to over 200 pg/mL, with BMI values from 19 to 31 Kg/m2. A trend 
line indicates a slight upward trajectory, supporting the significant 
correlation seen in [Table/Fig-5]. [Table/Fig-7] displays a scatterplot 
illustrating the relationship between HbA1c levels (%) and ESR 
levels (mm/hr) in the case group. Each point represents a type 2 
diabetic individual, with HbA1c on the x-axis and ESR on the y-axis. 
The data distribution shows a moderately rising trend, reflected by 
the upward slope of the line of best fit. This suggests a positive 
correlation, indicating that individuals with higher HbA1c levels tend 
to exhibit elevated ESR, a marker of inflammation. Although the 
association is modest, the visual trend supports the link between 
poor glycaemic control and increased inflammatory status. Despite 
inter-individual variability, the overall pattern highlights the role of 
chronic hyperglycaemia in contributing to low-grade systemic 
inflammation among diabetic patients, reinforcing the need for 
effective glycaemic regulation in managing T2DM and its associated 
inflammatory burden.

None of the comparisons across duration groups (2-3 years vs. 3-4 
years) showed a statistically significant difference (p>0.05) for any 
parameter, although values for FBS, HbA1c, ESR, and IL-6 tended 
to be higher in the group with a longer disease duration.

Parameters Group N Mean SD Mean difference Z-value p-value Statistical test

FBS (mg/dL)
Cases 33 132.70 36.10

36.09 -5.352 <0.001* Mann-Whitney U test
Controls 33 96.61 6.24

HbA1c (%)
Cases 33 7.56 0.90

2.97 -7.001 <0.001* Mann-Whitney U test
Controls 33 4.58 0.18

ESR (mm/hr)
Cases 33 25.76 17.66

17.09 -4.856 <0.001* Mann-Whitney U test
Controls 33 8.67 2.81

BMI (kg/m2)
Cases 33 25.70 2.19

4.88 -5.688 <0.001* Mann-Whitney U test
Controls 33 20.82 2.65

IL-6 (pg/mL)
Cases 33 103.00 52.06

88.82 -6.489 <0.001* Mann-Whitney U test
Controls 33 14.18 13.44

[Table/Fig-2]:	 Comparison of FBS, HbA1c, ESR, BMI, and Interleukin-6 levels between cases and controls.
*p<0.001 denotes statistically highly significant results

DISCUSSION
Diabetes Mellitus (DM) is increasingly recognised as a chronic low-
grade inflammatory condition, where hyperglycaemia contributes 
to a proinflammatory milieu. This leads to the progression of 
microvascular complications such as nephropathy, retinopathy, and 
neuropathy. Mechanisms underlying this process include insulin 
resistance, elevated adipokines, Advanced Glycation End-products 
(AGEs), oxidative stress, and hypoxia, all of which potentiate 

Parameter DM duration N Mean SD Mean difference Z-value p-value Statistical test

FBS (mg/dL)
2-3 years 16 122.75 28.92

-19.31 -1.532 0.13 Mann-Whitney U test
3-4 years 17 142.06 40.37

HbA1c (%)
2-3 years 16 7.29 0.67

-0.51 -1.865 0.06 Mann-Whitney U test
3-4 years 17 7.80 1.03

ESR (mm/hr)
2-3 years 16 23.50 21.32

-4.38 -1.553 0.12 Mann-Whitney U test
3-4 years 17 27.88 13.70

BMI (kg/m2)
2-3 years 16 25.58 1.23

-0.24 0.214 0.22 Mann-Whitney U test
3-4 years 17 25.82 2.85

IL-6 (pg/mL)
2-3 years 16 90.18 46.47

-24.89 -0.901 0.37 Mann-Whitney U test
3-4 years 17 115.06 55.47

[Table/Fig-4]:	 Comparison of FBS, HbA1c, ESR, BMI, and IL-6 levels based on duration of Diabetes Mellitus (2-3 years vs. 3-4 years).

IL-6 Parameter FBS HbA1c ESR BMI

Cases
Correlation coefficient (ρ) 0.16 0.24 0.24 0.38

p-value 0.37 0.18 0.18 0.03*

Controls
Correlation coefficient (ρ) 0.06 0.146 0.34 0.36

p-value 0.76 0.418 0.06 0.06

[Table/Fig-5]:	 Correlation between serum IL-6 and other study parameters in cases 
and controls (Spearman’s Correlation Test).
*p<0.05 indicates statistically significant correlation

[Table/Fig-4] presents a comparison of FBS, HbA1c, ESR, BMI, 
and IL-6 levels among diabetic patients based on diabetes duration 
(2-3  years vs. 3-4 years). Mean values of FBS (142.06 mg/dL), 
HbA1c (7.80%), ESR (27.88 mm/hr), and IL-6 (115.06 pg/mL) 
were higher in the 3-4 year group compared to the 2-3 year group, 
but differences were not statistically significant (p>0.05). BMI was 
comparable between both duration groups. These findings suggest 
a trend without statistical confirmation.

[Table/Fig-5] shows the correlation between serum IL-6 levels and 
study parameters, FBS, HbA1c, ESR, and BMI using Spearman’s 
correlation test for cases and controls. Among diabetic cases, a 
statistically significant weak positive correlation was observed 
between IL-6 and BMI (ρ=0.38, p=0.03), suggesting that higher 
BMI is associated with increased IL-6. Weak, non significant positive 
correlations were also found between IL-6 and FBS, HbA1c, 
and ESR. In controls, none of the correlations reached statistical 
significance, although ESR and BMI showed near significant weak 

Blood pressure 
category

Cases 
(n=33)

Controls 
(n=33)

Chi-
square (χ2) 

value p-value
Statistical 

test

Normal 1 (3.0%) 8 (24.2%)

21.984 <0.001*
Chi-square 

test
Prehypertension 13 (39.4%) 23 (69.7%)

Stage I 
hypertension

19 (57.6%) 2 (6.1%)

[Table/Fig-3]:	 Distribution of study subjects based on blood pressure status.
*p<0.001 denotes statistically highly significant difference
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inflammation [11]. In the present comparative cross-sectional study 
involving 66 subjects (33 cases with T2DM and 33 healthy controls), 
significantly higher levels of serum IL-6, ESR, FBS, HbA1c, and BMI 
were observed in the diabetic group compared to controls. The 
mean age was 51.2 years in cases and 48.3 years in controls, with 
no significant difference in age or gender distribution. This study 
demonstrated significantly elevated serum IL-6 levels in T2DM 
patients (mean 103.00 pg/mL) compared with healthy controls 
(14.18 pg/mL; p<0.001), accompanying raised ESR, BMI, FBS, 
and HbA1c. These findings align strongly with previous comparative 
studies and meta-analyses linking IL-6 with metabolic dysregulation 
and chronic inflammation in diabetes.

Afzal N et al., reported mean IL-6 concentrations of approximately 
18 pg/mL in patients with T2DM without retinopathy and around 
32 pg/mL in those with diabetic retinopathy, compared to ~8 pg/
mL in healthy controls, indicating progressive IL-6 elevation with 
microvascular involvement [19]. In contrast, the present study 
observed substantially higher mean IL-6 levels (~103  pg/mL), 
which may reflect a more advanced inflammatory burden, greater 
metabolic derangement, or differences related to ethnicity, sample 

matrix (serum vs. plasma), or assay sensitivity. Similarly, Reddy VKK 
et al., noted IL-6 elevations ranging between 20-40 pg/mL in T2DM 
individuals with and without nephropathy, highlighting the cytokine’s 
association with diabetic kidney disease [20]. The higher IL-6 levels 
seen in the current group were likely due to a strong inflammatory 
response in Indian patients attending a tertiary care center which 
was worsened by long-standing diabetes. Population-level variation 
was further illustrated by Phosat C et al., who reported IL-6 levels in 
the 5-10 pg/mL range among rural Thai T2DM patients, reinforcing 
the heterogeneity in IL-6 response across geographic and genetic 
contexts [21]. Jin Z et al., through a comprehensive umbrella review, 
confirmed a consistent trend of IL-6 elevation across diabetic 
populations, regardless of clinical phenotype [22]. In concordance, 
Bowker N et al.,’s meta-analysis documented a 1.5- to 2-fold rise 
in IL-6 among T2DM patients versus healthy individuals, further 
validating its relevance as a biomarker of systemic inflammation 
[23]. Bara Jk et al.,’s 2025 meta-analysis further substantiated IL-6’s 
role as a mediator of chronic low-grade inflammation contributing 
to β-cell dysfunction and insulin resistance, thus reinforcing the 
cytokine’s dual diagnostic and pathogenic relevance in T2DM and 
its complications [24].

Genetic predisposition appeared to play a contributory role in 
IL-6 elevation among individuals with T2DM. Obirikorang C et 
al., identified a significant association between the IL-6 -174 G/C 
(rs1800795) polymorphism and increased T2DM susceptibility [25]. 
Similarly, Ayelign B et al., demonstrated that this variant correlated 
with both elevated IL-6 concentrations and heightened T2DM 
risk in Ethiopian subjects [26]. Although the present study did not 
assess genetic polymorphisms, the markedly high IL-6 levels (mean 
~103 pg/mL) may partly reflect underlying, population-specific 
genetic influences that enhance cytokine expression. Rodrigues 
KF et al., further supported this concept by reporting that IL-6 and 
TNF-α gene variants were significantly associated with circulating 
IL-6 levels and obesity in Brazilian individuals, indicating a gene 
inflammation metabolism axis relevant to T2DM pathophysiology 
[27]. These findings highlighted the importance of host genetic 
factors in modulating inflammatory responses.

In the present study, IL-6 showed a statistically significant but weak 
positive correlation with BMI (ρ=0.38, p=0.03), while correlations with 
FBS, HbA1c, and ESR were positive but not statistically significant. 
These findings are in line with those of Rodrigues KF et al., [27], who 
reported a significant association between IL-6 levels and BMI in 
Brazilian patients with type 2 diabetes. Their study highlighted that 
increased adiposity, particularly visceral fat, contributes to elevated 
IL-6 levels, reflecting a proinflammatory state. This supports the 
biological mechanism whereby adipose tissue acts as an active 
endocrine organ secreting IL-6, thereby promoting systemic 
inflammation and insulin resistance. Todingan M et al., observed 
higher IL-6 levels in uncontrolled versus controlled T2DM cases 
in Indonesia (~40 pg/mL vs. ~18 pg/mL), which aligned with the 
elevated IL-6 in the current study, despite a non significant HbA1c 
correlation possibly due to therapeutic variations or limited HbA1c 
variability [28]. Ghalaut RS et al., further demonstrated a stepwise 
increase in IL-6 and TNF-α across diabetic nephropathy stages, 
reinforcing this inflammatory trajectory [29].

In this study, the mean ESR in the T2DM group (25.76 mm/hr) was 
significantly higher than in controls (8.67 mm/hr), supporting the 
presence of low-grade chronic inflammation. This finding aligned 
with Aslan Sirakaya H et al., who reported parallel increases in 
ESR and IL-6 in diabetic ketoacidosis patients, correlating with 
disease severity and adverse outcomes [30]. Similarly, Phosat C et 
al., demonstrated elevated ESR, CRP, and IL-6 in T2DM subjects, 
reinforcing the systemic inflammatory state associated with diabetes 
[21]. Although ESR is a non specific marker, its elevation in this cohort 
affirms its practical utility as an accessible indicator of inflammation. 
Additionally, subgroup analysis comparing T2DM duration of 2-3 

[Table/Fig-7]:	 Scatterplot depicting the relationship between HbA1C levels and 
ESR levels in cases.

[Table/Fig-6]:	 Scatterplot depicting the relationship between BMI levels and 
Serum IL-6 levels in case group.
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versus 3-4 years revealed a non significant upward trend in FBS, 
HbA1c, ESR, and IL-6 levels. This observation mirrored Bara JK 
et al.’s findings of progressive inflammatory marker elevation with 
increasing disease duration, often becoming statistically significant 
beyond five years [24], suggesting that this study reflects an early-
to-mid inflammatory stage.

The role of IL-6 as a mediator of both microvascular and macrovascular 
complications in diabetes has been well-established. Bahrami HSZ 
et al., in the Thousand and 1 Study, identified significant associations 
between elevated IL-6 levels and subclinical left ventricular 
dysfunction in type 1 diabetic patients, highlighting its contribution 
to early cardiac involvement [31]. Although the present study did not 
include cardiac imaging, the markedly elevated IL-6 levels and a high 
prevalence of hypertension among diabetic participants suggest a 
possible early stage of vascular injury. Alhamawi RM et al., further 
elaborated on IL-6’s dualistic role in diabetic nephropathy, showing 
that while IL-6 may initially trigger protective immune responses, 
its sustained overexpression contributes to glomerular injury and 
fibrosis, exacerbating renal dysfunction [32]. Moreover, Elssaig EH 
et al., demonstrated that TNF-α and IL-6 gene polymorphisms 
significantly influenced the development of diabetic complications 
in Sudanese patients [33], further supporting the pathophysiological 
link between proinflammatory cytokines and end-organ damage. 
These findings underscore IL-6 not only as a biomarker but also as 
a potential effector in the progression of diabetic vasculopathy.

Several inter-related mechanisms may underlie the observed 
findings. Adiposity-driven inflammation is a major contributor; 
wherein increased BMI enhances IL-6 secretion from adipocytes 
and infiltrating macrophages. Hyperglycaemia, through glucotoxic 
effects, stimulates the generation of reactive oxygen species and 
activates inflammatory cascades that further elevate IL-6 production. 
Genetic predisposition also plays a role, as polymorphisms in the IL-6 
promoter region have been associated with enhanced transcriptional 
activation. Additionally, IL-6 contributes to insulin resistance by 
disrupting insulin signaling via the Suppressor of Cytokine Signaling 
3 (SOCS3) and JAK-STAT pathways. IL-6 thus, functions as both a 
marker and mediator of T2DM. Meta-analyses by Bowker N et al., 
and Bara JK et al., have shown that IL-6 levels predict the onset 
and severity of T2DM [23,24]. The observed positive correlation 
between IL-6 and BMI in the current study reinforces the concept 
that obesity-induced inflammation is central to the pathophysiology 
of T2DM. Furthermore, the findings align with those of Afzal N et al., 
who reported stage-specific increases in IL-6 levels with diabetic 
complications, supporting the interpretation that elevated IL-6 
may reflect early microvascular damage [19]. While absolute IL-6 
values differ among studies, the relative ranking remains consistent 
healthy controls exhibit the lowest levels, followed by T2DM without 
complications, and then T2DM with complications. The present 
study reports one of the highest mean IL-6 levels to date (~103 pg/
mL), which may be attributed to methodological differences such 
as the use of serum over plasma, variations in assay sensitivity, 
geographic or genetic influences, and participant characteristics 
including age and disease duration. These factors collectively justify 
the elevated IL-6 values and reaffirm its role in the inflammatory 
landscape of T2DM.

Hence, the study reinforced IL-6 as a useful biomarker of 
inflammation in T2DM. Elevated IL-6 appeared to predict early 
complications, and targeting it through anti-inflammatory measures 
such as weight loss, physical activity, or pharmacological agents 
(e.g., IL-6 inhibitors) showed potential benefits. IL-6 and ESR were 
significantly elevated in T2DM subjects, with IL-6 showing a weak 
but significant correlation with BMI. The magnitude of IL-6 elevation 
in this Indian cohort exceeded previous reports, indicating possible 
ethnic or genetic factors. These results supported IL-6’s role as both 
a biomarker and mediator in diabetes-related inflammation.

Limitation(s)
The cross-sectional design precluded causal inference, and 
the relatively small sample size reduced statistical power and 
generalisability. IL-6, being a non specific inflammatory marker, might 
have been elevated due to factors unrelated to diabetes. The study did 
not include genotyping, which could have clarified associations with 
IL-6 promoter polymorphisms, nor were additional proinflammatory 
markers like CRP, TNF-α, or IL-1β assessed. Uncertainity regarding 
the exact duration of diabetes in some participants hindered a clear 
interpretation of disease progression. Moreover, the single-centre 
sampling introduced potential selection bias, and the high absolute 
IL-6 values observed may limit comparability with other studies. 
Future longitudinal research with larger, more diverse cohorts is 
needed to delineate the temporal dynamics of IL-6 and its role in beta 
cell dysfunction, insulin resistance, and diabetic complications.

CONCLUSION(S)
The present study demonstrated that serum IL-6 levels were 
significantly elevated in patients with T2DM compared to healthy 
controls, suggesting that IL-6 may be an important inflammatory 
mediator contributing to the disease process. Higher IL-6 levels 
observed in patients with poorer glycaemic control indicate a possible 
role in the development of chronic complications associated with 
diabetes. Similarly, ESR levels were markedly elevated in diabetic 
individuals, especially among those with uncontrolled diabetes, 
further reinforcing the association between systemic inflammation and 
glycaemic status. These findings support the potential use of IL-6 as 
a biomarker for predicting diabetes and its complications. However, 
since IL-6 is a non specific marker, its role should be interpreted 
alongside other clinical and biochemical parameters. Further 
research is needed to better understand the contribution of IL-6 in 
the pathogenesis and progression of diabetes and to explore its utility 
in clinical risk stratification and monitoring of diabetic complications.
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