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Abstract

Background and objective: Diabetic nephropathy (DN), a severe complication affecting 40% of diabetic
individuals, is a leading cause of chronic kidney disease (CKD). It involves a progressive increase in urinary
albumin and a decline in the glomerular filtration rate. Early detection and intervention are crucial to
preventing CKD progression. The current marker, albuminuria, measured as the urine albumin-to-creatinine
ratio (UACR), has limitations, highlighting the need for alternative biomarkers. Researchers have linked the
proinflammatory cytokine interleukin-6 (IL-6) to the progression of DN, observing elevated levels in DN
patients compared to those without DN. IL-6 also regulates glucose metabolism, promoting insulin
effectiveness and secretion. Inflammation and glucose control are two things that IL-6 does. This makes it a
promising biomarker and therapeutic target for DN and type 2 diabetes mellitus (T2DM). This study focuses
on IL-6 levels in T2DM patients with and without DN.

Methods and materials: From September 2022 to June 2024, the Department of General Medicine, Dr. D. Y.
Patil Medical College, Hospital and Research Centre, Dr. D. Y. Patil Vidyapeeth (Deemed to be

University), Pune, conducted an observational cross-sectional comparative study on 80 T2DM patients, with
40 in group A (cases = T2DM patients with DN) and 40 in group B (controls = T2DM patients without DN).
The study included patients with T2DM between the ages of 40 and 80. The study excludes conditions such
as diabetic ketoacidosis, patients with end-stage renal disease, and conditions that increase IL-6, such as
COVID-19. The study excluded autoimmune conditions with elevated IL-6, such as rheumatoid arthritis,
systemic lupus erythematous, ankylosing spondylitis, psoriasis, and Crohn's disease. We obtained ethical
approval and written consent from participants.

Results: In the current study, 61 patients (76.2%) were 60 years old or younger, while 19 patients (23.8%)
were older than 60 years. Among the participants, 38 were females (47.5%) and 42 were males (52.5%). The
case group, which consisted of 40 T2DM patients with DN, had a mean glycated hemoglobin (HbA1c) of
7.1700 * 0.71044. In contrast, the control group, comprising 40 T2DM patients without DN, had a mean
HbA1lc of 6.8650 = 0.57179. This difference was statistically significant, with a p value of 0.038. Additionally,
the mean UACR in the case group was 134.34 + 95.56, significantly higher than the control group's mean
UACR of 22.32 +9.90. This difference was highly significant, with a p value of 0.001. Furthermore, the case
group exhibited elevated mean IL-6 levels of 15.48 = 4.27 compared to the control group's 7.02 * 2.46, which
is also highly significant, reflected by a p value of 0.001.

Conclusion: As the concentration of IL-6 rises in diabetic patients with nephropathy, this study suggests
that IL-6 may have an effect on the development of DN. This cytokine is necessary for both the initiation and
progression of the condition. Using IL-6 as a supportive diagnostic test could help rule out other potential
causes of DN in T2DM. Moreover, this marker does not require invasive procedures, and early measurement
may help reduce mortality and morbidity.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Nephrology
Keywords: proinflammatory cytokine, interleukin-6 (il-6), diabetic nephropathy (dn), type 2 diabetes mellitus
(t2dm), urine albumin-to-creatinine ratio (uacr)

Introduction

Diabetic nephropathy (DN) is an illness marked by a steady rise in urine albumin and a decrease in
glomerular filtration rate, making it a serious diabetes consequence. DN affects around 40% of people with
diabetes, making it a major cause of chronic kidney disease (CKD) [1]. We routinely use albuminuria,
evaluated as the urine albumin-to-creatinine ratio (UACR), as an early indicator of DN. However, studies
have highlighted the limitations of albuminuria, including its lack of correlation with CKD stages in some
patients [2]. This underscores the need for alternative biomarkers that can accurately detect DN at an early
stage, thereby preventing the progression of CKD. Researchers have investigated various biomarkers such as
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glycated hemoglobin (HbA1c), interleukin (IL)-6, IL-18, tumor necrosis factor-alpha, and serum cystatin C,
including those indicating tubular damage and inflammation [3].

Multiple studies and research have demonstrated that IL-6 signaling contributes to the progression of DN
[4-7]. Type 2 diabetes mellitus (T2DM) patients with DN have been observed to have higher levels of IL-6 in
the bloodstream than T2DM patients without DN [8]. This suggests a significant link between IL-6 and DN
development and progression. Due to its various functions in regulating glucose balance [9], IL-6 is a
compelling focus in diabetes research. IL-6 promotes insulin's effectiveness by enhancing glucose removal in
the liver and skeletal muscle during exercise.

IL-6 is a versatile cytokine that plays a critical role in T2DM development. It achieves this by improving the
body's response to insulin, regulating the body's glucose balance, and promoting insulin release. AMP-
activated protein kinase activation leads to an increase in insulin-driven glucose elimination, resulting in
elevated levels of IL-6, which are commonly associated with increased insulin resistance, a hallmark of
T2DM. Administering IL-6 infusions in healthy individuals at a rate of 5 pg per hour has been demonstrated
to enhance the ability of insulin to eliminate glucose efficiently [10].

In addition, the skeletal muscle releases IL-6 during exercise [11]. Moreover, research carried out on
individuals has shown that IL-6 promotes the secretion of insulin by promoting the production of glucagon-
like peptide-1 [12]. IL-6 is a proinflammatory cytokine that stimulates inflammation and contributes to the
pathophysiology of T2DM. It impacts the regulation of glucose levels and balance in various regions of the
body, such as neuroendocrine cells, adipocytes, peripheral tissues, and pancreatic islets [13]. Mounting
evidence points to a significant association between elevated IL-6 levels and the onset of T2DM [14-16]. IL-
6, along with other proinflammatory substances, has a crucial role in developing and advancing insulin
resistance and T2DM. This finding highlights IL-6's significant role in inducing low-grade inflammation in
specific tissues or throughout the body, thereby promoting the development of insulin resistance and
T2DM [1,17].

IL-6 is responsible for facilitating inflammatory reactions, which substantially impact the advancement of
DN. The detrimental effects of IL-6 in DN are facilitated by its classic signaling and trans-signaling
mechanisms. The conventional method entails binding IL-6 to its receptor (IL-6R), located on specific cell
types, such as hepatocytes and certain leukocytes. Subsequently, the receptor-ligand complex connects with
glycoprotein 130. These pathways play a role in stimulating inflammatory responses, cellular growth, and
survival. This mechanism, known as the classic signaling pathway, is limited to cells expressing membrane-
bound IL-6R [18].

Trans-signaling, on the other hand, involves IL-6 interacting with a soluble form of IL-6R, allowing the
cytokine to affect a broader range of cells that do not express the membrane-bound receptor. This
mechanism is particularly relevant in the context of chronic inflammation, as it amplifies the inflammatory
response by extending the range of IL-6 activity [19].

In DN, IL-6 trans-signaling contributes to the recruitment and activation of additional inflammatory cells in
the kidney, exacerbating tissue damage and fibrosis. Mesangial cells, a type of kidney cell involved in the
structure and function of the glomerulus, are particularly affected by IL-6. Elevated IL-6 levels lead to
mesangial cell proliferation and the production of extracellular matrix components, contributing to
mesangial expansion and glomerulosclerosis [20].

The study aims to investigate IL-6 levels in patients with T2DM, focusing on the distinction between those
with and without DN. To achieve this, patients with T2DM are categorized into two groups: those with DN
and those without. Within these groups, the investigators measure UACR, HbA1c, and IL-6 levels.
Furthermore, the research seeks to assess the association among UACR, HbA1c, and IL-6 levels and the
severity of DN, aiming to provide a deeper understanding of the inflammatory and metabolic markers
involved in the progression of DN.

Materials And Methods
Study design and setting

The present study was an observational cross-sectional comparative study conducted at the Department of
Medicine, Dr. D. Y. Patil Medical College, Hospital and Research Centre, Dr. D. Y. Patil Vidyapeeth (Deemed
to be University), Pune. The study period extended from September 2022 to June 2024. Before the
commencement of the investigation, approval was obtained from the Institute’s Scientific and Ethics
Committee (ethical committee clearance number: IESC/PGS/2022/02). Written consent forms were provided
to participants in their languages, ensuring they understood the study’s goals, procedures, and potential
risks.

Inclusion and exclusion criteria

The study included patients with T2DM between the ages of 40 and 80. The study excludes conditions such
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as diabetic ketoacidosis, patients with end-stage renal disease, and conditions that increase IL-6, such as
COVID-19. The study also excluded autoimmune conditions with elevated IL-6, such as rheumatoid arthritis,
systemic lupus erythematous, ankylosing spondylitis, psoriasis, and Crohn's disease.

Sample size

Based on the study conducted by Huong et al. [21], this study examines the mean and standard deviation (SD)
of IL-6 levels in both diabetic and nondiabetic patients. With an SD of 0.64 for group A (cases = patients with
DN) and 0.57 for group B (controls = patients without DN), a difference of 0.4 at a significance level of 5%,
and a power of 80%, we calculate the sample size to be 80, with 40 individuals in group A and 40 in group B.
WinPepi version 11.65 (updated by J. H. Abramson) was the software used.

Data collection and consent

This study aimed to investigate the levels of IL-6 in patients diagnosed with T2DM, focusing on the
comparison between those who had developed DN and those who had not. Participants were recruited, and
their involvement included a thorough review of their medical history and a series of clinical and laboratory
investigations. Each participant’s age, gender, height, weight, and body mass index were recorded. Detailed
information regarding the duration of their T2DM and their family history of diabetes was collected. We
evaluated DN using UACR. These measurements were critical in assessing kidney function and nephropathy
severity. Blood samples were collected to measure fasting blood sugar, postprandial blood sugar, and HbAlc
levels, which provided an overview of the patient’s glucose control. The primary focus of the blood
investigation was the measurement of serum IL-6 levels, as this cytokine is a marker of inflammation and
may play a role in the pathogenesis of DN.

Participants were provided detailed information about the study, including its purpose, procedures,
potential risks, and benefits. They were informed that their participation was voluntary and that they could
withdraw at any time without impacting their medical care. The confidentiality of their data was assured,
and their identity was not disclosed in any publications resulting from the study. Each participant was
required to sign a consent form indicating that they had read and understood the information provided, had
the opportunity to ask questions, and agreed to participate in the study.

By gathering comprehensive data on medical history, clinical examination results, and relevant blood
investigations, this study aimed to enhance our understanding of the role of IL-6 in T2DM and its
complications, potentially informing better management strategies for patients with DN.

Statistical analysis

A spreadsheet (Microsoft Excel 2010) was used to input all of the collected information, which was
subsequently uploaded to the data editor in SPSS 20 (SPSS Inc., Chicago, IL). The descriptive statistics
included the computation of percentages, averages, and SDs. The study employed a chi-square test and a
student t-test to determine statistical significance. To be more precise, we set a 95% CI and a 5% p value.

Results

Age distribution

Of the total number of patients, 61 (76.2%) are aged 60 or below, while 19 (23.8%) are above 60. Within the
case group, the majority of patients, 33 (82.5%), were 60 years old or younger, while seven patients (17.5%)
were older than 60. In the control group, 28 patients (70%) were 60 years old or younger, and 12 (30%) were
older than 60. According to the chi-square test, age and group categorization did not significantly correlate,
which produced a p value of 0.189 (Table I).

Age (years) Case (group A), n (%) Control (group B), n (%) Total, n (%) p value
<60 33 (82.5%) 28 (70.0%) 61 (76.2%)

>60 7 (17.5%) 12 (30.0%) 19 (23.8%) 0.189
Total 40 (100.0%) 40 (100.0%) 80 (100.0%)

TABLE 1: Age distribution in both the groups

n: number

Gender distribution
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Of the total patients, 38 (47.5%) were females and 42 (52.5%) were males. In this case group, 22 (55%)
patients were female, whereas 18 (45%) were male. The control group comprised 16 females (40%) and 24
males (60%). The gender parameter did not exhibit any statistically significant correlation with the study's
case or control groups, as indicated by the chi-square test result of a p value of 0.179 (Table 2).

Gender Case (group A), n (%) Control (group B), n (%) Total, n (%) p value
Female 22 (55.0%) 16 (40.0%) 38 (47.5%)

Male 18 (45.0%) 24 (60.0%) 42 (52.5%) 0.179
Total 40 (100.0%) 40 (100.0%) 80 (100.0%)

TABLE 2: Gender distribution in both the groups

n: number
Mean value of HbA1c
The case group's mean HbAlc was 7.1700 £ 0.71044, while the control group's was 6.8650 £ 0.57179. The
Student's t-test yielded a p value of 0.038, indicating a statistically significant difference in the HbAlc
values between the case and control groups (Table 3).
Parameters Groups n Mean Standard deviation p value
Case (group A) 40 7.1700 0.71044
HbA1c 0.038
Control (group B) 40 6.8650 0.57179

TABLE 3: Mean value of HbA1c in both the groups

HbA1c: glycated HbA1c; n: number

Mean value of UACR

The case group's mean UACR was 134.34 + 95.56, while the control group's was 22.32+9.90. The student's t-
test p value of 0.001 indicated a statistically significant difference between the UACRs in the case and
control groups (Table 4).

Parameters Groups n Mean Standard deviation p value
Case (group A) 40 134.3400 95.56467

UACR 0.001
Control (group B) 40 22.3200 9.89774

TABLE 4: Mean value of UACR in both the groups

UACR: urine albumin-to-creatinine ratio; n: number

Mean value of IL-6 in both groups

In the case group, mean IL-6 levels were 15.48 + 4.27, while in the control group, they were 7.02 * 2.46. Using
the student t-test, the association between the IL-6 levels in both the control and the case groups was
statistically significant, with a p value of 0.001 (Table 5).
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Parameters Groups n Mean Standard deviation p value
Case (group A) 40 15.4850 4.26984
IL-6 0.001
Control (group B) 40 7.0200 2.46527

TABLE 5: Mean value of IL-6 in both the groups

IL-6: interleukin-6; n: number

Discussion

Among the participants of the present study, 61 patients (76.2%) were aged 60 years or below, whereas 19
patients (23.8%) were above the age of 60. Within the case group consisting of patients with DN, 33 patients
(82.5%) were aged 60 or below, whereas seven patients (17.5%) were above 60. In contrast, the control group,
which included patients without DN, had 28 patients (70%) who were 60 years old or younger and 12 patients
(30%) older than 60. There was no statistically significant difference in the age distribution between the case
and control groups, according to the chi-square test (p = 0.189). According to Huong et al. [21], a p value of
0.493 shows that there was no discernible difference in the age distribution between the case group and the
control group. Both studies emphasize that age does not significantly distinguish between patients with DN
and those without.

In the current study, the gender distribution among participants included 38 females (47.5%) and 42 males
(52.5%). Specifically, the case group, which included patients with DN, comprised 18 males (45%) and 22
females (55%). In contrast, the control group, consisting of patients without DN, had 24 males (60%) and 16
females (40%). A p value of 0.179 indicated that there was no statistically significant association between
gender and the existence of DN, as determined by the statistical study. The research by Huong et al. [21],
which investigated the role of serum IL-6 levels in DN, is consistent with this finding. Their study reported a
p value of 0.678 when comparing the gender distribution between male and female T2DM patients with and
without DN. Both studies demonstrate that gender does not significantly influence the development of DN.

The current study found that the case group, consisting of patients with DN, had a mean HbA1c level of
7.1700 £ 0.71044. The observed value was greater than the control group, with a lower average HbAlc
concentration. The statistical study demonstrated a noteworthy association between HbA1c levels and the
presence of DN, with a p value of 0.038. Furthermore, a study conducted by Huong et al. [21] found a p value
of 0.024 when comparing HbA1c levels between individuals with T2DM who had DN and those who did not
have DN. This p value suggests a substantial difference between the two groups. In their study, patients
without DN had an average HbA1c level of 6.75% with an SD of 1.40, whereas patients with DN had an
average HbAlc level of 7.20% with an SD of 1.80. The p values in both studies, 0.038 in the current study and
0.024 in the study by Huong et al. [21], indicate statistically significant differences in HbAlc levels between
the case and control groups. These findings collectively highlight that individuals with T2DM and DN have
notably elevated HbA1c levels, underscoring the importance of long-term blood glucose regulation. These
findings emphasize the importance of maintaining optimal HbA1c levels to prevent DN development and
progression.

In this current study, the mean UACR for the case group was 134.34 + 95.56, whereas for the control group, it
was 22.32 +9.90. It shows that UACR levels are significantly higher in people with DN compared to those
who do not have DN (p= 0.001). This shows that UACR could be used as a biomarker to find and track DN
early on. Similarly, Ying et al. [22] investigated the predictive value of UACR in CKD patients. They
concluded that it strongly predicts adverse renal outcomes such as end-stage kidney disease (ESKD) and
significant declines in estimated glomerular filtration rate, with p values less than 0.001 indicating high
statistical significance. Together, these studies emphasize UACR's utility in general CKD prognosis and
specific DN management, supported by robust statistical evidence.

Our study observed that the case group had a mean IL-6 level of 15.48 + 4.27 pg/mL, significantly higher than
the control group's mean IL-6 level of 7.02 + 2.46 pg/mL, with a statistically significant correlation (p =
0.001). Similarly, Sanchez-Alamo et al. [23] found that elevated serum IL-6 levels are significantly associated
with the progression of kidney disease in DN patients. Their study underscores that higher IL-6 levels are
linked to a greater risk of advancing to ESKD, reinforcing IL-6 as a critical biomarker for DN.

Comparatively, Huong et al. [21] reported mean IL-6 levels of 18.80 * 22.96 pg/mL in DN patients and 10.03 +
10.44 pg/mL in patients without DN, with a significant p value of 0.013. The larger SD in DN patients (22.96
pg/mL) versus those without DN (10.44 pg/mL) suggests considerable variability in IL-6 levels, likely due to
different stages of DN and individual inflammatory responses. This variability aligns with our findings,
where the case group's IL-6 levels were more variable than those of the control group, indicating that IL-6
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reflects the underlying heterogeneity in disease severity.

Our study and that of Sanchez-Alamo et al. [23] highlight the potential of IL-6 as a noninvasive biomarker
for detecting and monitoring DN progression. Elevated IL-6 levels not only indicate increased inflammatory
activity but also correlate with worse renal outcomes in diabetic patients. The significant differences in IL-6
levels between groups underscore its role in the inflammatory processes associated with diabetes
complications, suggesting that monitoring IL-6 levels could provide valuable insights into disease
progression and guide therapeutic interventions.

Limitations

The small sample size was a limitation of this study. It is worth doing a comprehensive prospective cohort
study at large scales to reveal the diagnostic value of IL-6 in type 2 DN. A single medical center conducted
this research, potentially limiting the generalizability of the findings to other populations and settings. We
need multicenter studies involving diverse demographic groups to validate the results. Excluding patients
with conditions that elevate IL-6 levels, such as autoimmune diseases and COVID-19, may introduce
selection bias. This exclusion criterion could limit the applicability of the findings to the broader diabetic
population, some of whom may have comorbid conditions affecting IL-6 levels.

Conclusions

As the concentration of IL-6 rises in diabetic patients with nephropathy, this study suggests that IL-6 plays a
significant role in the development and progression of DN. IL-6 is crucial for initiating and advancing DN,
making it a valuable biomarker. Administering IL-6 as a supportive diagnostic test can help rule out other
potential causes of DN in patients with T2DM. Utilizing IL-6 as a marker offers the advantage of a
noninvasive diagnostic approach, simplifying the early detection process. Early measurement and
monitoring of IL-6 levels can provide critical insights into disease progression, allowing for timely
intervention. By identifying and addressing DN at an early stage, healthcare providers can implement
strategies to reduce associated mortality and morbidity. The study emphasizes IL-6's potential not only as a
diagnostic tool but also as a target for therapeutic intervention in managing DN and improving patient
outcomes.
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