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ABSTRACT
[bookmark: _GoBack]Type 2 Diabetes Mellitus (T2DM) is a complex metabolic disorder characterized by chronic hyperglycemia and associated with systemic inflammation with insulin resistance (IR) and beta cell dysfunction playing central roles in its pathophysiology. The aim of this study was to evaluate the levels of tumor necrosis factor-alpha (TNF-α), interleukin-10 (IL-10) and serum albumin circulating among female patients with T2DM in Federal Medical Center, Asaba, Nigeria. This was a cross-sectional study carried out on a total of 60 randomly recruited participants, grouped into 30 T2DM female patients (test subjects) and 30 non-diabetic female subjects (controls). The participants were within the age range of 18-79 years and were age matched. Serum TNF-α and IL-10 levels were determined using enzyme-linked immunosorbent assay (ELIZA), while albumin was measured via the bromocresol green (BCG) method.  Results showed the mean serum levels of TNF-α (44.53±9.38 Vs 15.45±2.10; p < 0.001) and IL-10 (16.56±1.60 Vs 4.62±1.23; p < 0.001) were significantly higher in the test group compared to the control group. However, the mean serum albumin level did not differ significantly in test group than in the control group (p = 0.059). TNF-α exhibited a positive correlation with age in controls (r = 0.496, p = 0.019). The increased levels of both TNF-α and IL-10 in T2DM patients compared to healthy controls highlights the heightened inflammatory responses in T2DM indicating a complex interplay between pro- and anti-inflammatory responses. Also, the positive correlation between age and TNF-α in healthy controls highlights the potential impact of aging on inflammatory processes.
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INTRODUCTION
According to the World Health Organization (WHO), diabetes is now the ninth greatest cause of mortality worldwide (Khan et al., 2020). Type 2 diabetes mellitus (T2DM) is a common metabolic condition characterized by chronic hyperglycemia due to insulin resistance and decreased insulin production, which represents a significant global health burden (Młynarska et al., 2025; Ogbodo et al., 2019). Hyperglycemia in T2DM is strongly associated with the development of complications involving microvascular, macrovascular, and neuropathic issues (Mohammed et al., 2025; Goyal et al., 2023). Microvascular and macrovascular complications vary according to the degree and the duration of the poorly controlled diabetes and include nephropathy, retinopathy, and atherosclerotic cardiovascular disease (ASCVD) events, especially if it is associated with other comorbidities like dyslipidemia and hypertension (Siam et al., 2024; Ezeugwunne et al., 2017). Renal disease is another significant cause of morbidity in diabetic patients (Ihim et al., 2019; Yamazaki et al., 2018). Recently, it has been observed that T2DM can have some gender peculiarities with women showing more years of disease on average than men. This seems to be related to the fact that sex hormones have a great impact on energy metabolism, body composition, vascular function, and inflammatory responses (Ciarambino et al., 2022). Affecting millions globally, diabetes poses a significant health burden, particularly in women, where hormonal and metabolic changes may exacerbate the disease. In addition to the metabolic dysregulation, T2DM is now widely recognized as a state of chronic low-grade inflammation (Pellegrini et al., 2024; Araujo et al., 2020). This inflammatory environment plays a pivotal role in the progression of insulin resistance and the development of diabetes-related complications.
Tumor necrosis factor- alpha (TNF-α) is a pro-inflammatory cytokine that plays a role in the development of insulin resistance and diabetic complications. It is produced by type 1 helper lymphocyte cells (Th1 cells) (Narmuratova et al., 2025). TNF-α is highly involved with macrophage activation and increased serum TNF-α level have been observed in insulin resistance stages and diabetes mellitus development (Mohamed et al., 2022). Diabetic patients, such as those of type 2, have significantly elevated serum level of TNF-α and significant correlation exist between TNF-α level and patient’s age, disease duration and ethnicity indicating its role in the development of insulin resistance and pathogenesis in such patients (Al-Sarray and Ahmed, 2021; Qiao et al., 2017). Previous authors (Dos Santos Haber et al., 2023) observed that it exerts its function by stimulating the production of IL-1β and IL-6 and increasing the expression of adhesion molecules, in addition to initiating the apoptotic and cytotoxic response. This inflammatory process occurs after its release by activated CD4+ T cells, which leads to necrosis and local pancreatic lymphocytic infiltration, culminating in the destruction of the β cell. Hence, it is directly involved in the causing of damage to the β cells and corroborate the pathophysiology process in diabetes mellitus. In patients with T2DM and insulin resistance, TNF-α levels are unusually high, indicating that this cytokine plays an important role in the development of insulin resistance through direct effects on the insulin signaling pathway thus participates in the pathogenesis of T2DM (Al-Sarray and Ahmed, 2021; Qiao et al., 2017). 
Conversely, interleukin-10 (IL-10) is known to exert profound and diverse anti-inflammatory effects, such as inhibiting pro-inflammatory cytokines and antigen-presenting cells, promoting tissue-repairing mechanisms, and playing an important role in restricting an excessive inflammatory response. It plays an important role in maintaining the balance in the immune response necessary to defend the body and protect tissues during infection by inhibiting the effector function of Th1 cells and an imbalance in its production predispose the individual to inflammatory diseases like diabetes mellitus, T2DM, (Dos Santos Haber et al., 2023; Chikoti et al., 2022). However, the role of IL-10 in protecting β-cells during the pathogenesis and in the progression of diabetes mellitus remains controversial (Dos Santos Haber et al., 2023). IL-10 plays a vital role in monitoring the balance between cellular and humoral immune responses, and an imbalance in its production predispose the individual to inflammatory diseases including T2DM (Chikoti et al., 2022). However, in type 2 diabetes, the balance between these inflammatory markers appears to be disrupted, leading to unchecked inflammation and further metabolic disturbances.
In addition to cytokines, serum albumin, a major plasma protein that constitutes 50-60% of the total protein synthesized solely by the liver, has now been considered as a marker for systemic inflammation (Caraceni et al., 2022). It acts as a negative acute phase reactant and also a prognostic marker in several diseases including diabetes mellitus. Albumin production is regulated by multiple factors such as diet, hormonal factors and the oncotic pressure. Previous studies showed that insulin is required to maintain expression of albumin by stimulating its production in the liver through regulating the genes involved in its transcription. This implies that in diabetes, like T2DM, the production of the albumin is impaired and its level decreases (Pandiyan et al., 2021). Factors that stimulate albumin synthesis include the action of hormones such as insulin and growth hormone. Also, its production may be inhibited by pro-inflammatory mediators such as interleukin-6 (IL-6), interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-α) (Gounden et al., 2023; Cabrerizo et al., 2015). In an outpatient setting, serum albumin concentration was found to be inversely associated with HbA1c, suggesting that hypoalbuminemia may reflect insulin deficiency and subsequent hyperglycemia. Essentially, serum albumin may be an indirect yet sensitive indicator of insulin secretory reserve, which influences both ketosis risk and glycemic control (Cheng et al., 2016). The relationship between serum albumin levels and inflammatory markers like TNF-α and IL-10 may provide insights into the systemic inflammatory response and overall health status of female patients with diabetes mellitus. Thus, understanding the serum levels of TNF-α, IL-10, and albumin in female patients with diabetes mellitus could provide valuable information regarding the progression of the inflammatory processes and metabolic disturbances associated with the disease. This understanding may lead to more personalized and effective treatment strategies aimed at improving patient care and reducing the burden of diabetes-related complications. 
Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder affecting millions of individuals worldwide with notable gender-specific differences in disease manifestation and progression (Ciarambino et al., 2022). Chronic low-grade inflammation has been identified as a critical factor in the progression of T2DM, with pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-alpha) contributing to insulin resistance and worsening of metabolic control. Conversely, anti-inflammatory cytokines such as interleukin-10 are believed to counteract this inflammatory response, but the balance between these markers is often dysregulated in diabetic patients (Chikoti et al., 2022). Despite the well-established roles of inflammation in T2DM, there is a significant gap in the literature regarding how TNF-alpha, IL-10, and albumin levels behave specifically in female diabetic patients. Most studies have focused on mixed-gender population, and limited research has been done to understand the unique inflammatory and metabolic profiles in women. Additionally, while albumin levels are commonly used as markers for diabetic complications like nephropathy, the relationship between albumin and inflammatory markers in diabetic women remains underexplored. This study seeks to address these gaps by investigating the serum levels of TNF-alpha, IL-10, and albumin in female patients with type 2 diabetes. Understanding how these biomarkers interact in this population could provide insights into gender-specific disease mechanisms and potentially lead to more effective, personalized therapeutic approaches for T2DM management in female patients.
Type 2 diabetes mellitus (T2DM) being a significant global health concern with millions of new cases diagnosed annually, significantly impacts the health and quality of life of those affected, and present differently in men and women thereby necessitating gender-specific research to fully understand its pathophysiology and to develop effective treatment strategies. Chronic inflammatory and immune dysregulation are central to the disease’s progression, where cytokines like tumor necrosis factor-alpha (TNF-α) and interleukin-10 (IL-10), along with albumin levels, play critical roles. Despite the well-documented impact of these biomarkers on diabetes, research specifically targeting their serum levels in type 2 female diabetic patients remains sparse. Understanding the differential expression and interplay of TNF-α, IL-10, and albumin in women can illuminate gender-specific mechanisms underlying T2DM, paving the way for tailored therapeutic approaches. This study is justified by the need to fill this knowledge gap, offering potential for more precise and effective management strategies for type 2 female diabetic patients, ultimately improving health outcome and quality of life in this population. This study aims at evaluating the levels of tumor necrosis factor-alpha, interleukin-10 and serum albumin circulating among female patients with type 2 diabetes mellitus in Federal Medical Center, Asaba, Nigeria.

MATERIALS AND METHODS
Study Area
The research was carried out in Federal Medical Center, Asaba, Nigeria.
Study Design
A cross sectional study was conducted to evaluate the serum levels tumor necrosis factor-alpha (TNF-α), interleukin-10 (IL-10), and albumin in female patients with type 2 diabetes mellitus in Federal Medical Center, Asaba, Nigeria. Informed consent was obtained from the subjects and each subject completed a structured questionnaire capturing demographic and clinical information.
Study Population
The study population comprised of type 2 diabetic female patients within a consistent age bracket in FMC Asaba. A total of 60 subjects were recruited for the study using simple random sampling method; 30 were the test subjects while 30 were for control subjects.
Sample Size
The sample size for this study was calculated using the documented prevalence of diabetes mellitus in Nigeria which was found to be 1.7% (International Diabetes Federation, 2017). The sample size for this study was calculated using the formula described by Charan and Biswas (2013);
N = 
Where:
N = Required sample size when population of the facility is large
Z = The standard normal deviate, set at 1.96 which corresponds to the 95% confidence level
p = Estimated prevalence of diabetes mellitus in Nigeria which was found to be 1.7% (International Diabetes Federation, 2017)
d = Degree of accuracy required which set at 0.05 (margin of error at 5%)
Applying the method,
N =  x p x (1-p)/
N = 
N =   
N = 25.7  ̴  N = 26
N = 26 minimum sample sizes
60 subjects would be used for this study. 30 subjects would serve as control subjects while the other 30 would be type 2 diabetic female patients.
Inclusion Criteria
The study included female subjects who were up to the age of 18 and above (those with and without diabetes mellitus). Those with T2DM served as the test group while subjects without diabetes mellitus which served as controls.

Exclusion Criteria
The study excluded subjects that were below the age of 18, male gender with or without diabetes mellitus and other forms of diabetes mellitus. Also, individuals with other conditions associated with inflammation such autoimmune diseases, HIV, TB etc were excluded from the study.
Ethical Approval
The ethical approval for this research was obtained from Federal Medical Center, Asaba, ethics committee in accordance with the Helsinki declaration by the World Medical Association (WMA) on the ethical principles for medical research involving human subjects.
Informed Consent
Consent of all the participating subjects were sort and obtained before the commencement of the study. Also, each of the recruited subjects filled a well-structured questionnaire written in English Language.
Sample Collection
Five milliliter (5 ml) of venous blood sample was collected from each of the participants with a sterile syringe through venipuncture and dispensed into a plain container. Serum was extracted after centrifugation at 4000rpm for 5 minutes. The extracted serum was stored at -20 degree Celsius (-20oC) prior to analysis in order to preserve biomarker stability and prevent degradation.


Determination of Cytokine Levels Tumor necrosis factor-alpha (TNF-α)
The sandwich enzyme linked immunosorbent assay (sandwich-ELISA) method was used for the determination of tumor necrosis factor-alpha (TNF-α) and interleukin-10 (IL-10) levels in the participants’ sera. 
Estimation of Serum Albumin
This was determined using the Bromocresol green method (BCG), as described by Doumas and Watson (1971) and cited by Okpogba et al. (2021).
Statistical Analysis
The data obtained from the study was analyzed using SPSS (Statistical Package for Social Sciences) version 22 and presented using mean  standard deviation. Student t-test and Pearson correlation was used to determine statistical difference and the association between variable. The values was considered statistically significant at P value 0.05.

RESULTS
The mean level of TNF-alpha was significantly higher in the test group (44.53±9.38 Vs 15.45±2.10; p < 0.001) when compared to the control group. Similarly, the mean level of interleukin-10 (IL-10) was significantly higher in the test group than in the control group (16.56±1.60 Vs 4.62±1.23; p < 0.001). Conversely, the mean level of albumin did not differ significantly in test group when compared to the control group (p = 0.059). Furthermore, the test group exhibited no statistically significant difference in the mean age compared to the control group (p = 0.641). (See table 1)
There was no significant correlation among the various variables (TNF-Alpha, IL-10, Albumin and Age) in female test group (p>0.05). Specifically, TNF-α did not exhibit a significant correlation with IL-10 (r = 0.134, p = 0.543), albumin (r = 0.056, p = 0.799), or age (r = -0.010, p = 0.963). Similarly, IL-10 was not significantly associated with albumin (r = -0.254, p = 0.242) or age (r = 0.108, p = 0.624). Also, albumin was not significantly associated with age (r = 0.019, p = 0.932). (See table 2)
On the other hand, there was a significant positive correlation between mean age and TNF-α in female control group (r = 0.496, p = 0.019). However, no significant correlations were found between IL-10 and TNF-α (r = 0.018, p = 0.937), albumin (r = -0.180, p = 0.424), or age (r = 0.147, p = 0.514). In the same vein, albumin did not exhibit a significant correlation with TNF-α (r = -0.324, p = 0.142) or age (r = 0.092, p = 0.684). (See table 3)


Table 1: Levels of TNF-alpha, IL-10, albumin and mean age in test and control female subjects (mean±SD)
	Variables
	Test Group (Mean ± SD)
	Control Group (Mean ± SD)
	t-test
	p-value

	TNF-alpha (pg/ml)
	44.53±9.38
	15.45±2.10
	14.192
	<0.001

	IL-10 (pg/ml)
	16.56±1.60
	4.62±1.23
	27.954
	<0.001

	Albumin (g/L)
	33.57±4.98
	37.09±7.06
	-1.942
	0.059

	Age (years)
	59.00±14.11
	58.45±2.50
	0.958
	0.641


* Statistical significance at p < 0.05





Table 2: Correlation of various variables in female test subjects
	Variables 
	Pearson correlation
	TNF-alpha
	IL-10
	Albumin
	Age 

	TNF-alpha
	r 
	
	0.134
	0.056
	-0.010

	
	p-value
	
	0.543
	0.799
	0.963

	IL-10
	r 
	0.134
	
	-0.254
	0.108

	
	p-value
	0.543
	
	0.242
	0.624

	Albumin
	r 
	0.056
	-0.254
	
	0.019

	
	p-value
	0.799
	0.242
	
	0.932

	Age
	r 
	-0.010
	0.108
	0.019
	

	
	p-value
	0.963
	0.624
	0.932
	


* Statistical significance at p < 0.05



Table 3: Correlation of various variables in female control subjects
	Variables 
	Pearson correlation
	TNF-alpha
	IL-10
	Albumin
	Age 

	TNF-alpha
	r 
	
	0.018
	-0.324
	0.496

	
	p-value
	
	0.937
	0.142
	0.019*

	IL-10
	r 
	0.018
	
	-0.180
	0.147

	
	p-value
	0.937
	
	0.424
	0.514

	Albumin
	r 
	-0.324
	-0.180
	
	0.092

	
	p-value
	0.142
	0.424
	
	0.684

	Age
	r 
	0.496
	0.147
	0.092
	

	
	p-value
	0.019
	0.514
	0.684
	


* Statistical significance at p < 0.05

DISCUSSION 
The present study found significantly elevated levels of tumor necrosis factor-alpha (TNF-α) and interleukin-10 (IL-10) in the test group compared to controls, indicating an enhanced inflammatory response in individuals with Type 2 Diabetes Mellitus (T2DM). This aligns partly with previous research demonstrating increased pro-inflammatory cytokines (IL-6, CRP and TNF-α) with reduced IL-10 levels in T2DM patients compared to control group (Bashir et al., 2022). The markedly higher TNF-α levels in female diabetic subjects further support its role in insulin resistance, as TNF-α is known to impair insulin function (Alzamil, 2020) and contribute to chronic low-grade inflammation (Kurylowicz and Kozniewski, 2020). In addition, the current finding of higher TNF-α levels in the female diabetics than in controls agrees with the report of Ezzat et al. (2022) which observed significantly higher mean serum TNF-α levels in T2DM and pre-diabetics than in control group respectively. TNF-α disrupt insulin signaling by promoting serine phosphorylation of insulin receptor substrate-1 (IRS-1), thereby exacerbating hyperglycemia (Małkowska, 2024).
Similarly, increased IL-10 levels observed in female test subjects contradict earlier studies suggesting lower levels of IL-10 in T2DM patients than in control group (Abhilasha, et al., 2021; Yaghini et al., 2011). This increase may reflect a compensatory response to the heightened inflammatory burden associated with T2DM. A systematic review conducted by Novianti and Nuraeny (2024) revealed that out of eleven articles, four articles reported higher IL-10 levels while seven reported lower level of IL-10 levels in diabetic patients with and without oral diseases. According to Kartika et al. (2020), higher circulating IL-10 level helps cells combat the chronic low-grade inflammation in obesity and T2DM while, low IL-10 level indicates that the regulatory mechanism has failed, resulting in the activation of monocytes and lymphocytes.
In contrast, albumin levels did not differ significantly between groups (p > 0.05), challenging previous reports that linked hypoalbuminemia to diabetic nephropathy and systemic inflammation (Shoji et al., 2024; Hu et al., 2022; Gunanithi and Sakthidasan, 2021; Yan et al., 2021). This suggests that hypoalbuminemia may not be a defining feature of T2DM in this cohort and hence indicating that albumin levels often remain stable in the early stages of diabetes. Other studies in keeping with the current finding also found no significant differences in the mean serum albumin levels in T2DM patients as well as in other inflammatory conditions compared to control groups (Ogbodo et al., 2021; Analike et al., 2019). 
The analysis of correlations among TNF-α, IL-10, albumin, and age in female subjects with T2DM revealed no significant associations, suggesting that these biomarkers may function independently in the context of T2DM-related inflammation. The lack of correlations may be due to limitations in sample size. 
In contrast, a significant positive correlation between TNF-α and age was observed in female control subjects, indicating that TNF-α levels increases with age in healthy individuals as reported by dos Santos Haber et al., (2023). This finding aligns with previous research suggesting that aging is associated with increased inflammatory activity in the blood (Bruunsgaard et al., 2000). However, no significant correlations were found between IL-10 and TNF-α, albumin, or age in female control subjects, suggesting that these biomarkers may not be interrelated in the absence of metabolic dysregulation.
The study's limitations include the lack of assessment of correlations in male subjects, which restricts the ability to evaluate sex-based differences in these associations. Therefore, future studies should prioritize sex-specific analyses to elucidate these potential differences.
Also, critical factors which can modulate cytokine expression such as disease duration, glycemic control, medication use and obesity were not accounted for in this study. The small sample size of this study further restricts the generalizability of the findings, highlighting the need for larger, multi-center studies. To gain a deeper understanding of the roles of TNF-α, IL-10, and albumin in T2DM pathogenesis, it is crucial to incorporate sex-specific analyses and control for confounding variables in future research.
CONCLUSION
This study found the serum levels of TNF-α and IL-10 were significantly higher in the T2DM patients compared to the control group with no significant alteration observed in the serum albumin level.  TNF-α showed a moderate positive correlation with age in the controls. The increased levels of both TNF-α and IL-10 in T2DM patients highlights the heightened inflammatory responses characterizing T2DM which further indicates a complex interplay between pro- and anti-inflammatory responses in T2DM. Also, the positive correlation between age and TNF-α in healthy controls highlights the potential impact of aging on inflammatory processes.
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