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Purpose: The syndemic of tuberculosis (TB) and type 2 diabetes mellitus (T2DM) presents a growing global health challenge, 
particularly in high-burden countries. T2DM is known to impair immune responses, increasing susceptibility to TB. However, the 
cytokine dynamics underlying this interaction remain unclear. This study aimed to explore the differences in ex vivo cytokine 
responses between individuals with and without T2DM following TB antigen stimulation.
Patients and Methods: In this cross-sectional study, we analyzed plasma samples from 110 individuals with T2DM and 38 without, 
collected as part of the TANDEM and INFECT cohort studies in Indonesia. Cytokine levels (IL-1β, IL-6, TNF-α, and IFN-γ) were 
measured using ELISA before and after TB antigen stimulation using the QuantiFERON-TB Gold assay. Demographic, clinical, and 
metabolic parameters were recorded. Statistical analyses included Mann–Whitney U-tests and Spearman correlation.
Results: Patients with DM showed a higher baseline levels of pro-inflammatory cytokines than non-DM individuals, particularly in 
IL-1β, IL-6 and TNF-α, suggesting a primed immune response even before TB antigen exposure. After TB antigen stimulation, no 
significant between-group differences were observed in cytokine levels. However, IL-1β showed a more pronounced median increase 
in T2DM (124 vs –54 pg/mL, p = 0.43), while IL-6, TNF-α, and IFN-γ changes were blunted in the T2DM group. Correlation analyses 
revealed that in T2DM individuals, IL-1β positively correlated with IL-6 and TNF-α both pre- and post-stimulation. IL-6 and IFN-γ 
showed significant associations with HbA1c and BMI in the non-DM group.
Conclusion: T2DM group exhibited altered immune patterns marked by heightened IL-1β response and disrupted regulation of IL-6, 
TNF-α, and IFN-γ, although no statistically significant cytokine differences were observed. These findings suggest an immune 
dysregulation in T2DM that may contribute to TB susceptibility, warranting further investigation using CD4/CD8-responsive assays 
in larger, more diverse populations.
Keywords: cytokines, chronic inflammation, diabetes mellitus, hyperglycemia, tuberculosis

Introduction
The coexistence of diabetes mellitus (DM) and tuberculosis (TB) resembles a “syndemic” as the two conditions intensify 
each other’s effects through a synergistic interaction. Individuals with T2DM have a two-to-four fold higher risk of 
developing active TB, which up to 30% of TB patients may also have diabetes, indicating a strong comorbidity and 
worse treatment outcomes once infected.1–3 Globally, the prevalence of type 2 diabetes mellitus (T2DM) among TB 
patients is estimated to be approximately 13.7–16%.4,5 Whereas in Asia, particularly in Indonesia, TB remains the 
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leading cause of death from infectious diseases and the second-highest cause of overall mortality with approximately 
1.06 million new TB cases and 134,000 deaths annually according to the WHO Global Tuberculosis Report 2024.6 At the 
same time, the prevalence of type 2 diabetes is rising sharply, with projections estimate an increase from 9.1 9% in 2020 
to 16.09% in 2045, corresponding to nearly 40.7 million diabetes cases nationwide if current trends continue.7 Previous 
studies in Jakarta found that 13.2% of TB patients also had diabetes, highlighting the substantial overlap between these 
diseases.8 Combined, these figures illustrate a dual epidemic, making integrated management and prevention strategies 
essential to mitigate the public health impact of TB-DM comorbidity in Indonesia.9–11

The coexistence TB-DM highlights a bidirectional relationship in which each condition has the potential to worsen 
the other.12,13 Metabolic dysfunction in type 2 diabetes, including obesity, insulin resistance, and the accumulation of 
advanced glycation end-products (AGEs), contributes to chronic inflammation and immune dysregulation, thereby 
influencing host responses to infectious diseases such as tuberculosis.14,15 Alterations in both innate and adaptive 
immunity within an inflammatory environment may contribute to this cycle. DM can weaken immune defenses, 
increasing susceptibility to TB, while the inflammation associated with TB can disrupt blood sugar regulation in 
individuals with diabetes.16–20 Chronic inflammation plays a central role in the pathogenesis of both T2DM and TB. 
Low-grade systemic inflammation is a key factor in insulin resistance and beta-cell dysfunction, with elevated levels of 
pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) commonly observed.21 

Similarly, tuberculosis triggers a strong immune response, characterized by activation of macrophages and T-cells, and 
the release of inflammatory mediators like interferon-gamma (IFN-γ), IL-6 and interleukin-1β (IL-1β).22–24

Although the established relationship between DM and TB, biological mechanism underlying the relationship remains 
unclear. Ex vivo stimulation assays such as QuantiFERON have been widely used as immune monitoring tools in TB 
research, as they provide a clinically relevant model of antigen-specific immune responsiveness and enable the 
simultaneous measurement of multiple cytokines.25,26 Previous studies have reported altered cytokine profiles in diabetic 
patients, but findings have been inconsistent, and direct correlations between blood glucose levels and specific cytokine 
responses, particularly IL-1β, remain unclear.24,27 Notably, no consistent association has been established between 
glycemic status and IL-1β secretion after TB antigen exposure.20 Other research showed that dysregulated cytokine 
responses, such as impaired IFN-γ and excessive proinflammatory signaling, have been associated with increased 
susceptibility to TB progression and poorer treatment outcomes in individuals with diabetes.13,28

Recent systems immunology and transcriptomic analyses have provided a more holistic understanding of TB–DM 
comorbidity. These studies demonstrated that individuals with diabetes and tuberculosis exhibit altered expression of 
interferon signaling, inflammatory, and metabolic pathways, suggesting that immune dysfunction in TB–DM reflects 
a complex network-level alteration rather than isolated cytokine changes.29 This study provides novel insight by 
examining cytokine responses (IL-1β, IL-6, TNF-α, and IFN-γ) in diabetic and non-diabetic individuals, both before 
and after stimulation with TB antigens, using an ex vivo model. The findings contribute to a deeper understanding of how 
hyperglycemia may alter the host’s immune signaling pathways during TB infection, offering potential biomarkers or 
therapeutic targets for comorbid DM-TB management.

Materials and Methods
Study Design and Setting
This cross-sectional study utilized archived blood samples and data from two previous studies: the TANDEM study,30 

which investigated the relationship between tuberculosis (TB) and diabetes mellitus (DM), and the INFECT study,31 

which focused on TB household contacts. Diabetic participants were enrolled between December 2013 and 
February 2015 from 25 community health centers (CHCs) and the outpatient endocrine clinic at Dr. Hasan Sadikin 
General Hospital in Bandung, Indonesia, where they were screened for TB as part of the TANDEM study. TB patients 
were recruited from 45 CHCs and the hospital’s outpatient TB clinic between April 2014 and December 2017, and were 
screened for DM under the same study. Household contacts of TB patients initially enrolled in the TANDEM study were 
later included in the INFECT study through home visits conducted in Bandung City.
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Informed written consent was obtained from all participants prior to enrollment. The TANDEM study received ethical 
approval from the Health Research Ethics Committee, Faculty of Medicine, Universitas Padjadjaran (Ref No: 05/UN6. 
C2.1.2/KEPK/PN/2014), as well as from the Research Ethics Committee of the London School of Hygiene and Tropical 
Medicine (LSHTM Ethics Ref: 6449; Amendment No: A473). The INFECT study was approved by the same Indonesian 
ethics committee (Ref No: 14/UN6.C2.1.2/KEPK/PN/2014) and by the Health and Disability Ethics Committees in New 
Zealand (Ref: 13/STH/132). This bioarchive-based study was also approved by the Health Research Ethics Committee at 
Universitas Padjadjaran (Ref No: 263/UN6.KEP/EC/2019). Ethical clearance for the utilization of archived biological 
specimens was granted by the Center for Clinical Infection Studies, Faculty of Medicine, Universitas Padjadjaran (Ref. 
No: 202/UN6.C.7.1/LT/2019). All procedures performed in this study involving human participants were conducted in 
accordance with the ethical standards of the institutional research committee and with the 1964 Declaration of Helsinki 
and its later amendments.

Study Procedure
In this study, we focused on four cytokines—IL-1β, IL-6, TNF-α, and IFN-γ—because of their established roles as 
central proinflammatory mediators in both M. tuberculosis immunity and type 2 diabetes mellitus (T2DM)–associated 
immune dysregulation. These cytokines have been consistently reported as key markers of innate and adaptive immune 
responses in the TB–diabetes context, and their dysregulation may contribute to increased susceptibility and worse 
outcomes in patients with T2DM.17–19

Enrolment procedures for type 2 diabetes mellitus (T2DM) patients were previously reported.32 These individuals 
were screened for tuberculosis (TB) symptoms and underwent chest X-rays. If symptoms or radiological signs indicated 
potential TB, sputum samples were collected for microbiological testing. Blood samples were also drawn to perform 
routine hematological tests—including hemoglobin, white cell count, and differentials—and to conduct an IFN-γ release 
assay using the QuantiFERON-TB Gold test (QFT). The recruitment of non-diabetic participants was outlined in a more 
recent publication.31

The samples from DM patients who were 40 years or older and previously diagnosed with T2DM were included in 
this study. Samples from DM patients who had active pulmonary TB based on bacteriological or radiological examina
tion and which haemoglobin concentration below normal value were excluded. Non-DM subjects were households of TB 
patients aged ≥40 years, with HbA1c levels <6.5% and no evidence of TB whose samples were available.

Out of 809 diabetic patients, 384 samples met the inclusion and exclusion criteria. Among these, 97 samples were 
excluded due to issues such as icterus, hemolysis, or insufficient volume (less than 200μL), resulting in 287 eligible 
samples. Following random selection, 148 participants were included in the final study, comprising 110 individuals with 
diabetes and 38 without diabetes.

The QuantiFERON-TB Gold Test (QFT)
For the QuantiFERON-TB (QFT) assay, approximately 4 mL of blood was collected from the cubital fossa into 
heparinized vacutainer tubes. Whole blood samples from selected individuals with type 2 diabetes and those without 
diabetes were incubated for 20 to 24 hours. Following incubation, plasma was separated, and interferon-gamma (IFN-γ) 
levels were measured using an enzyme-linked immunosorbent assay (ELISA) method. The assays were performed on 
plasma/serum/supernatant stored at −80°C and thawed once immediately prior to assay. Assay performance metrics (limit 
of detection, inter- and intra-assay variability) were added as recommended to ensure reproducibility. One tube served as 
a negative control (unstimulated), while another contained a peptide cocktail simulating the TB-specific antigens ESAT-6, 
CFP-10, and TB7.7. IFN-γ concentrations were calculated by subtracting the value from the unstimulated tube, and 
a threshold of 0.35 IU/mL was applied based on the manufacturer’s guidelines.26

The remaining plasma samples were frozen at −80°C in preparation for further cytokine investigations. Inadequate 
preserved samples, such as lysed, icteric, or lipemic samples were excluded from analysis. The levels of IL-1β, TNF-α 
(Human R&D systems), and IL-6 (Sanquin) released in response to antigen stimulation in the QFT cell-free culture 
supernatants of all samples were determined by ELISA.
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HbA1C Measurements
Venous blood samples were analyzed using high-performance liquid chromatography (HPLC) with the Variant II Turbo 
system (Bio-Rad, USA) at a private diagnostic laboratory, namely “Prodia”. The equipment used is certified by both the 
International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) and the National Glycohemoglobin 
Standardization Program (NGSP).

Data Collection and Statistical Analysis
Patients’ characteristics were obtained from TANDEM and INFECT electronic databases and merged with cytokines data. Data 
were presented as means and standard error of the mean or median (interquartile range), as appropriate. Differences in cytokine 
concentration were evaluated by unpaired t-test if data were normally distributed or the Mann–Whitney test if they were not 
normally distributed. The correlation between the two variables was analysed using Spearman’s rank correlation coefficient. 
Confidence intervals and p-values were used to determine statistical significance. A p-value of <0.05 was considered statistically 
significant. Graphs and statistical analyses were performed using Stata version 13.1 (StataCorp, College Station, TX, USA).

Results
Table 1 summarizes the clinical characteristics of the study participants, comparing individuals with diabetes mellitus (DM, 
n = 110) to those without diabetes (non-DM, n = 38). The groups were similar in terms of sex distribution (p = 0.40), history 
of tuberculosis (TB) (p = 0.38), current smoking status (p = 0.008), and positive IGRA results (p = 0.23). However, there 

Table 1 Clinical Characteristics of the Participants

Characteristics DM (n = 110) Non-DM (n = 38) P
n (%) n (%)

Male sex 55 (50.0) 22 (57.9) 0.40
Median age (IQR) - years 58 (53–64) 50 (45–58) 0.0004

History of TB 7 (6.4) 1 (2.6) 0.38

Current smoking 18 (16.4) 14 (36.8) 0.008
BCG scar 74 (67.3) 35 (92.1) 0.003

Median no. of household members (IQR) 4 (3–5) 4 (2–7) 0.33

Body mass index - kg/m2

Underweight (<18.5) 0 (0.0) 3 (7.9) 0.03

Normal (18.5–22.9) 22 (20.0) 8 (21.0)

Overweight (23.0–24.9) 28 (25.4) 5 (13.2)
Obese I (25.0–29.9) 43 (39.1) 17 (44.7)

Obese II (≥30.0) 17 (15.5) 5 (13.2)

Positive IGRA result 40 (36.4) 18 (47.4) 0.23
Median HbA1c (IQR) - % 8.2 (6.9–10.2) 5.4 (5.2–5.9) <0.001

Duration of DM (years)

<1 19 (17.3) NA
1–5 55 (50.0) NA

6–15 27 (24.5) NA

>15 9 (8.2) NA
Medication*

Insulin 23 (20.9) NA

Metformin 63 (57.3) NA
Sulfonylurea 44 (29.7) NA

Antihypertensives 25 (22.7) NA

Statins 23 (20.9) NA
Aspirin 9 (8.2) NA

No medication 14 (2.7) NA

Note: *Statistically significant. 
Abbreviations: BCG, Bacille-Calmette Guerin; T2DM, type II diabetes mellitus; IGRA, interferon-gamma 
release assay; IQR, interquartile range; NA, not applicable; TB, tuberculosis.
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were statistically significant differences in median age, BCG vaccination history, number of household members, and body 
mass index (BMI) distribution. DM participants were significantly older (median age: 58 vs 50 years, p = 0.0004) and more 
likely to have a BCG scar (67.3% vs 92.1%, p = 0.003). Regarding BMI, DM individuals had a higher proportion of obesity 
(BMI ≥25), particularly those classified as obese class I and II, compared to non-DM participants (p = 0.03). Median HbA1c 
among DM participants was 8.2% (IQR: 6.9–10.2), reflecting poor glycemic control. A variety of medications were 
reported among DM participants, with the most common being metformin (57.3%) and sulfonylureas (29.7%). These 
findings highlight key clinical and demographic differences between the DM and non-DM groups.

Table 2 presents the laboratory findings of DM and non-DM participants. Compared to the non-DM group, 
participants with diabetes had significantly higher median haemoglobin levels (14.6 vs 14.2 g/dl, p = 0.1), neutrophil 
counts (5.9 vs 4.2/mm3, p < 0.001), monocyte counts (0.7 vs 0.5/mm3, p < 0.001), lymphocyte counts (3.1 vs 2.2/mm3, 
p = 0.0001) and leucocyte counts (8.100 vs 7.450/mm3, p = 0.09). Based on the cytokine profile comparison presented in 
Table 2, patients with DM showed a higher baseline levels of pro-inflammatory cytokines than non-DM individuals. 
After TB antigen stimulation, no statistically significant differences were observed between the DM and non-DM groups. 
Although the DM group demonstrated a greater median change in IL-1β levels after stimulation (124 pg/mL vs –54 pg/ 
mL in non-DM), the difference remained statistically non-significant (p = 0.43). Additionally, the median changes in IL- 
6, IFN-γ, and TNF-α were all lower in the DM group compared to non-DM, but none reached statistical significance (all 
p > 0.05). These findings suggest possible differences in immune activation patterns among individuals with diabetes, 
potentially reflecting altered inflammatory or innate immune responses, despite the lack of statistically significant results. 
All the boxplot visualizations depicting cytokine responses before and after TB antigen stimulation in both DM and non- 
DM groups are presented in Figure 1. These plots illustrate the distribution and median shifts of IL-1β, IL-6, TNF-α, and 
IFN-γ levels, supporting the descriptive findings summarized in Table 2.

Table 2 Laboratory Results of the Participants

Levels DM (n =110) Non-DM (n = 38) P
Median (IQR) Median (IQR)

Haemoglobin (SD) - g/dl 14.6 (1.4) 14.2 (1.7) 0.10

Leucocyte count - /mm3 8100 (6800–9400) 7450 (6300–9100) 0.09
Neutrophil count - /mm3 5.9 (5.3–6.5) 4.2 (3.4–4.9) <0.001

Lymphocyte count - /mm3 3.1 (2.6–3.6) 2.2 (1.9–3.1) 0.0001

Monocyte count - /mm3 0.7 (0.6–0.8) 0.5 (0.3–0.6) <0.001
IL-1β - pg/mL

Nil 1139 (600–2157) 883 (456–1832) 0.48

TB antigen 1064 (656–2391) 812 (568–1961) 0.14
TB antigen minus nil 124 (−287–628) −54 (−555–518) 0.43

IL-6 - pg/mL

Nil 2188 (1277–5591) 882 (404–3106) 0.005
TB antigen 1502 (756–3435) 1400 (324–2737) 0.27

TB antigen minus nil −657 (−1849–326) −16 (−555–518) 0.05

TNF-α - pg/mL
Nil 272 (108–496) 209 (100–420) 0.25

TB antigen 268 (101–472) 250 (107–359) 0.69

TB antigen minus nil −31 (−194–21) 1(−105–69) 0.14
IFN-γ - IU/mL

Nil 0.08 (0.05–0.17) 0.15 (0.07–0.33) 0.004

TB antigen 0.27 (0.10–1.34) 0.62 (0.19–3.19) 0.009
TB antigen minus nil 0.09 (0.01–0.97) 0.34 (0.04–2.53) 0.10

Notes: Data are presented in median and interquartile range unless stated otherwise. (Unreadable 
results: IL-1β nil (n=7), IL-1β TB antigen (n=3), IL-6 nil (n=18), IL-6 TB antigen (n = 20), TNF-α nil (n = 9), 
TNF-α TB antigen (n = 11), IFN-γ TB antigen (n = 1)). 
Abbreviations: T2DM, type II diabetes mellitus; IFN-γ, interferon-gamma; IL, interleukin; SD, 
standard deviation; TB, tuberculosis; TNF, tumour necrosis factor.
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Based on Tables 3 and 4, which examine correlations between cytokines (IL-1β, IL-6, TNF-α, IFN-γ), age, BMI, and 
HbA1c in T2DM and non-T2DM patients before and after TB antigen stimulation, several key patterns emerge. In T2DM 
patients (Table 3), IL-1β showed significant positive correlations with IL-6 and TNF-α both before and after TB 
stimulation, suggesting a coordinated inflammatory response. After stimulation, IL-6 and IFN-γ also demonstrated 
stronger associations with HbA1c and BMI, indicating possible links between immune activation and glycemic control 
or adiposity in diabetes. In contrast, among non-T2DM individuals (Table 4), the cytokine correlations were generally 
weaker, although IL-6 and IFN-γ showed statistically significant positive correlations with HbA1c post-stimulation. 

Figure 1 Comparison of cytokines response before (1) and after (2) TB antigen stimulation in T2DM and Non-T2DM group (Samples of DM (n=110), and Non-DM (n=38), 
The y-axis represents cytokine concentration (pg /mL for IL-1β, IL-6, and TNF-α; IU/mL for IFN-γ)).

Table 3 Correlation Between Cytokines with Age, Body Mass Index, and 
HbA1c Among T2DM Patients, Before and After TB Antigen Stimulation

IL-1β IL-6 TNF-α IFN-γ HbA1c BMI Age

Before TB antigen stimulation (nil):

IL-1β 1.000 0.358* 0.524* 0.198* 0.067 0.243* −0.127

IL-6 0.358* 1.000 0.187 0.022 0.073 −0.066 −0.027

TNF-α 0.524* 0.187 1.000 0.169 −0.128 0.220* −0.061

IFN-γ 0.198* 0.022 0.169 1.000 0.086 −0.001 0.008

HbA1c 0.067 0.073 −0.128 0.086 1.000 −0.259* −0.131

BMI 0.243* −0.066 0.220 −0.001 −0.259* 1.000 0.010

Age −0.127 −0.027 −0.061 0.008 −0.131 0.010 1.000

(Continued)

https://doi.org/10.2147/JIR.S559756                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 18002

Soetedjo et al                                                                                                                                                                       

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Table 3 (Continued). 

IL-1β IL-6 TNF-α IFN-γ HbA1c BMI Age

After TB antigen stimulation:

IL-1β 1.000 0.181 0.626* 0.075 0.036 0.141 −0.171

IL-6 0.181 1.000 0.096 0.073 0.169 −0.069 −0.175

TNF-α 0.626* 0.096 1.000 −0.006 0.079 0.083 −0.129

IFN-γ 0.075 0.073 −0.006 1.000 0.048 −0.036 −0.032

HbA1c 0.036 0.169 0.079 0.048 1.000 −0.259 −0.131

BMI 0.141 −0.069 0.083 −0.036 −0.259* 1.000 0.010

Age −0.171 −0.175 −0.129 −0.032 −0.131 0.010 1.000

Note: *Statistically significant. 
Abbreviations: T2DM, diabetes mellitus; IFN, interferon; IL, interleukin; TB, tuberculosis; TNF, 
tumour necrosis factor.

Table 4 Correlation Between Cytokines with Age, Body Mass Index, and 
HbA1c Among Non-T2DM Patients, Before and After TB Antigen 
Stimulation

IL-1β IL-6 TNF-α IFN-γ HbA1c BMI Age

Before TB antigen stimulation (nil):

IL-1β 1.000 0.346 0.183 −0.226 −0.067 −0.223 −0.018

IL-6 0.346 1.000 −0.025 0.018 0.268 −0.221 0.074

TNF-α 0.186 −0.025 1.000 −0.112 0.009 0.049 −0.061

IFN-γ −0.226 0.018 −0.112 1.000 0.201 0.109 0.051

HbA1c −0.067 0.268 0.009 0.201 1.000 0.056 0.240

BMI −0.223 −0.221 0.049 0.109 0.056 1.000 −0.247

Age −0.018 0.074 −0.061 0.051 0.240 −0.247 1.000

After TB antigen stimulation:

IL-1β 1.000 0.216 0.108 0.122 0.157 −0.301 −0.040

IL-6 0.216 1.000 −0.068 0.119 0.522* −0.249 0.269

TNF-α 0.108 −0.068 1.000 0.222 0.010 0.015 −0.122

IFN-γ 0.122 0.119 0.222 1.000 0.083 0.211 −0.103

HbA1c 0.157 0.522* 0.010 0.083 1.000 0.056 0.240

BMI −0.301 −0.249 0.015 0.211 0.056 1.000 −0.247

Age −0.040 0.269 −0.122 −0.103 0.240 −0.247 1.000

Note: *Statistically significant. 
Abbreviations: T2DM, diabetes mellitus; IFN, interferon; IL, interleukin; TB, tuberculosis; 
TNF, tumour necrosis factor.
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These findings suggest that TB antigen stimulation may enhance inflammatory responses more markedly in T2DM 
patients, particularly in relation to metabolic parameters, highlighting a potential interplay between chronic inflammation 
and metabolic dysfunction in diabetes.

Discussion
This study revealed notable demographic and clinical distinctions between individuals with DM and those without. DM 
participants were significantly older, had a lower prevalence of BCG vaccination scars, and showed a higher proportion 
of obesity, particularly in the obese class I and II categories. These differences are important as age, BMI, and 
vaccination status are known to influence immune function and susceptibility to infection, including tuberculosis (TB) 
and its immune-mediated responses.33 The presence of poorly controlled glycemia, reflected by a median HbA1c of 8.2% 
in the DM group, further underscores the metabolic burden in these individuals and may contribute to alterations in 
immune response profiles.34

There were higher levels of neutrophil, lymphocyte, and monocyte in the T2DM group before and after stimulation 
with TB antigen. Higher immune response before simulation was probably due to persistent chronic inflammation 
attributed to the raised glycated end products (AGEs) leading to higher oxidative stress, even if the precise mechanism is 
yet unknown.35 Previous study found that the ability of neutrophils and macrophages to eradicate infections is decreased 
by increased oxidative stress.36 This condition favours pathogens to replicate, yielding an increase in immune prolifera
tion to overcome the infection. Meanwhile, Chao et al showed neutrophil dysfunction due to decreased reactive oxygen 
species production was associated with an increased level of Resistin, protein which inhibits reactive oxygen species 
(ROS) production and is important in the mycobacterium-induced inflammasome activation.37

Following TB antigen stimulation, there were no significant between-group differences in cytokine levels; however, 
the DM group exhibited a more trend of median increase in IL-1β levels (124 pg/mL vs –54 pg/mL), suggesting 
a potentially exaggerated pro-inflammatory response. Although non-significant, lower trend of median differences in IL- 
6, IFN-γ, and TNF-α in the DM group may indicate an altered cytokine regulatory mechanism post-stimulation. Previous 
research has shown that individuals with T2DM can display both hyperinflammatory and dysfunctional immune 
responses to pathogens, including Mycobacterium tuberculosis.13,29 This finding aligns with previous theory that showed 
asynchronous cytokine release observed in T2DM patients, where dysregulated immune responses—reflected by altered 
levels of IL-6, IFN-γ, and TNF-α, are driven by the accumulation of toxic advanced glycation end-products and 
disruptions in cellular metabolism. In particular, hexokinase-1, a key enzyme in glycolysis, has been shown to activate 
the NLRP3 inflammasome, thereby promoting increased production of IL-1β.38,39 In T2DM individuals, glyceraldehyde 
3-phosphate dehydrogenase (GADPH) suppresses TNF expression when the glycolysis process is inhibited.39 

Furthermore, on the genomic level, diabetes and intermediate hyperglycemia contribute to immune dysregulation by 
altering blood transcriptomes and reducing IFN regulation.18

This study showed that there was no significant correlation between plasma cytokine concentrations and HbA1c and 
diabetes duration. Meanwhile, previous studies have shown the opposite findings.36,40 Plasma concentrations of IFN-γ, 
TNF-α, IL-17A, and IL-10 were found positively correlated with HbA1c levels, showing a chronic effect of the 
hyperglycaemic environment to immune regulation.28,35,36 Half of our subjects were diagnosed with diabetes for 1–5 
years and no correlation was found between IL-6 levels and HbA1C. Sari et al found uncontrolled diabetic patients, who 
were diagnosed with diabetes for 8.6 years, had higher IL-6 levels than those of the poorly controlled and controlled 
diabetic patients. The study presented diabetes duration associated with chronic inflammation and immune dysregulation.41

In this predominantly obese DM population, IL-6 levels showed no significant change before and after TB antigen 
exposure. Interestingly, this contrasts with previous studies linking obesity to elevated inflammatory cytokines like TNF-α 
and IL-6, typically produced by adipose tissue. Obesity-related insulin resistance and hyperglycemia, often driven by 
reactive oxygen species, are also known to promote pro-inflammatory responses.42 Interleukin-6 (IL-6), produced by 
monocyte-derived macrophages, plays a key role in the immune response to TB and is linked to disease severity. 
M. tuberculosis regulates IL-6 to suppress type I interferon signaling and promote disease progression. Boni et al suggested 
that reduced IL-6 levels may help prevent cytokine storms. In our DM group, IL-6 production did not significantly increase 
after antigen exposure, suggesting that while DM increases TB susceptibility, it may also modulate inflammatory responses, 
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potentially offering both risk and protective effects against severe TB.43 Patients with diabetes produced lower levels of 
IFN-γ compared to controls, before and after TB antigen exposures. The absence of IFN-γ has been associated with 
increased risk for mycobacterial disease and worse survival once infected.44 Interferon-gamma activates macrophages and 
limits PMN inflammation during TB infection. Lower level of IFN-γ also interfere with the granuloma formation, 
eventually manifesting in fewer BCG scars among T2D patients – although some may not have been vaccinated.44

Although cytokine alterations in T2DM are biologically plausible, our findings should be interpreted cautiously since 
most differences were not statistically significant. The higher IL-1β levels in T2DM may reflect a pro-inflammatory 
trend, while the reduced IL-6, TNF-α, and IFN-γ responses suggest possible immune dysregulation. However, these 
patterns remain exploratory. Consistent with previous reports, our results indicate that diabetes may influence immune 
reactivity, but larger, powered studies are required to confirm these observations and define their clinical relevance in 
TB–DM comorbidity. While our findings provide important insights into the immune response to TB antigens in 
individuals with T2DM, we acknowledge that additional cytokines, particularly Th17-related cytokines such as IL- 
17A and regulatory cytokines such as IL-10, also play important roles in TB pathogenesis and host immune 
regulation.45,46 These were not included in the present analysis due to laboratory resource limitations and our intention 
to focus on the most reproducible and widely studied cytokine markers. Future studies incorporating these additional 
cytokines could provide a more comprehensive understanding of immune dysregulation in the TB–T2DM syndemic.

This study has several limitations. The inclusion of participants aged ≥40 years may limit the generalizability of the 
findings to younger T2DM populations. The use of the QuantiFERON-TB Gold assay, which primarily measures CD4+ 
T-cell responses, also restricts assessment of CD8+ T-cell activity; future studies employing the QuantiFERON-TB Plus 
could provide broader insight. The lack of correlation observed between groups may relate to the relatively small sample 
size, variations in diabetes duration, and differences in medication regimens, which were not adjusted statistically. The 
influence of antidiabetic drugs such as metformin, known to modulate inflammatory pathways, could also have affected 
cytokine profiles. In addition, the number of samples excluded due to hemolysis, icterus, or inadequate volume was not 
recorded, although standardized criteria were applied consistently. Finally, the cross-sectional design precludes causal 
inference, and no formal power analysis was conducted given the exploratory nature of the study.

Conclusion
This study highlights key differences in immune responses to TB antigen stimulation between individuals with and 
without T2DM. Patients with DM showed a higher baseline levels of pro-inflammatory cytokines than non-DM 
individuals. While no statistically significant changes were observed in cytokine levels, T2DM patients showed 
a trend toward elevated IL-1β and reduced responsiveness in IL-6, TNF-α, and IFN-γ, suggesting underlying immune 
dysregulation. These patterns, coupled with the altered correlations between cytokines and metabolic parameters, support 
the hypothesis that T2DM modulates immune responses to TB. Further studies that adjust for potential confounders such 
as age, BMI, and diabetes medications with broader age ranges and advanced immunological assays (eg, QuantiFERON- 
TB Plus) are needed to confirm these findings and guide tailored TB prevention strategies in diabetic populations.
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