


[bookmark: _GoBack]
ASSOCIATION OF TESTOSTERONE WITH MARKERS OF INFLAMMATION IN MEN WITH INFERTIITY IN IMO STATE, NIGERIA


ABSTRACT
Background: Male infertility remains a significant reproductive health challenge globally, with increasing evidence implicating hormonal and inflammatory imbalances in its pathophysiology. 
Objective: This study evaluated serum testosterone and selected inflammatory biomarkers in infertile men (oligospermic and azoospermic) attending fertility clinics across Imo State, Nigeria. 
Methodology: A total of 204 participants were recruited, comprising 68 oligospermic men, 34 azoospermic men, and 102 apparently healthy , age-matched fertile controls. Serum testosterone, C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α) were quantified using standard biochemical and immunoassay techniques. Data were analyzed using SPSS version 21.0 and expressed as mean ± standard deviation (SD); statistical significance was set at P < 0.05.
Result: Results showed that total testosterone levels were significantly reduced in oligospermic  and azoospermic men  compared to controls (8.26 ± 1.90 ng/dL) (P < 0.001). Conversely, inflammatory markers were markedly elevated among infertile subjects;  CRP levels were significantly higher in azoospermic (10.59 ± 3.11 mg/L) and oligospermic (8.13 ± 2.13 mg/L) men compared to controls (2.63 ± 0.73 mg/L) (P < 0.001). Similarly, IL-6 and TNF-α levels were significantly elevated in azoospermic (respectively) and oligospermic (8.70 ± 1.84 pg/mL and 9.47 ± 1.94 pg/mL, respectively) groups versus controls (P < 0.001). Age and body mass index (BMI) exerted no significant influence on either testosterone or inflammatory markers (P > 0.05). Pearsons Correlation analyses revealed weak and statistically non-significant associations between testosterone and inflammatory (CRP, IL-6, TNF-α)  in both oligospermic and azoospermic men.
Conclusion: In conclusion, the study demonstrated a clear pattern of  systemic inflammation among infertile men in Imo State, who also presented with hypogonadism given their levels of testosterone. There was  more pronounced inflammatory derangements in azoospermic subjects, when compared with the oligospermic subjects.  These findings suggest that chronic subclinical inflammation may contribute to impaired spermatogenesis and androgen deficiency, highlighting the need for integrative therapeutic interventions targeting both endocrine and inflammatory pathways in male infertility management.
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BACKGROUND OF STUDY
Infertility is a major global reproductive health challenge that affects millions of couples across all regions of the world. The World Health Organization (WHO, 2020) defines infertility as the inability to achieve a clinical pregnancy after 12 months or more of regular unprotected sexual intercourse. It is estimated that approximately 15% of couples worldwide experience infertility, with male factors contributing to about 40–50% of these cases (Babakhanzadeh et al., 2020). Despite long-standing societal perceptions that infertility is primarily a female problem, recent studies confirm the critical and often overlooked role of male infertility, which is increasingly becoming a focus of biomedical and reproductive research. Although infertility has historically been perceived as a predominantly female problem, recent evidence underscores the significant role of male infertility, which is now a growing focus in reproductive and clinical research (Sharma et al., 2021). These complex interactions often result in reduced semen quality, impaired spermatogenesis, and dysfunction of sperm motility, morphology, or DNA integrity. Male infertility may present as azoospermia (no sperm), oligozoospermia (low sperm count), or asthenozoospermia (reduced motility). However, in many cases, the cause remains idiopathic, meaning no clear reason can be identified even after extensive evaluation.
Male infertility is a multifactorial condition influenced by genetic, hormonal, immunological, and environmental factors. Endocrine imbalance, particularly low circulating testosterone, has been consistently associated with poor semen quality and defective spermatogenesis (Corona and Maggi, 2022). Testosterone, synthesized by Leydig cells under the regulation of luteinizing hormone (LH), is crucial for sperm production, libido, and the maintenance of male reproductive function. Declining testosterone levels, commonly termed hypogonadism, can lead not only to reduced sperm count and motility but also to metabolic disturbances, erectile dysfunction, and cardiovascular risk (Sharma et al., 2021). Furthermore, subclinical testosterone deficiency may not only impair fertility but also lead to metabolic syndrome, erectile dysfunction, and increased cardiovascular risk. Various studies have observed significantly lower testosterone concentrations in infertile men compared to fertile controls, supporting its diagnostic and therapeutic relevance.
Elevated CRP levels are not only indicative of systemic inflammation but have also been correlated with oxidative stress, which damages sperm DNA, lipid membranes, and proteins involved in motility and viability. According to Rotimi et al. (2024), oxidative stress represents one of the major causes of idiopathic male infertility, with inflammation-induced reactive oxygen species (ROS) playing a detrimental role. Chronic inflammation may also disrupt the blood-testis barrier, impair Leydig cell function, and ultimately reduce testosterone synthesis.
Several studies, including those by Brouillet et al. (2020), have reported that infertile men have higher CRP concentrations than fertile men, suggesting that CRP can be a useful predictive marker for reproductive impairment. Inflammatory cytokines like IL-1β, IL-6, and TNF-α are known to inhibit spermatogenesis and reduce sperm quality, further supporting the link between inflammation and infertility.
Globally, infertility affects over 186 million people, with considerable geographical variation in prevalence and causes. In sub-Saharan Africa, secondary infertility often caused by untreated sexually transmitted infections (STIs) or post-infectious tubal damage is more common. However, male infertility remains a neglected area of study, especially in low-resource settings like Nigeria (Omisakin et al., 2024).
In Imo State, Nigeria, there’s huge importance of evaluating serum testosterone, C-reactive protein (CRP) in infertile men particularly due to the growing burden of reproductive health challenges faced by couples in the region. While infertility is a national and global concern, its social, psychological, and cultural impact is more pronounced in parts of southeastern Nigeria, where cultural expectations surrounding childbearing place intense pressure on couples, especially women, even though male factors contribute substantially to the problem.
In many communities in Imo State, infertility often results in stigma, marital instability, domestic violence, emotional trauma, and social isolation. Men are frequently reluctant to seek fertility evaluation due to sociocultural beliefs, denial, and fear of emasculation, leading to underdiagnosis of male infertility (Obilade et al., 2025). Women, regardless of the actual cause, are commonly blamed and bear the brunt of societal criticism. Thus, this study is critically needed to help reposition male infertility as a recognized medical condition, deserving of equal attention as female infertility.
Previous studies conducted in southeastern Nigeria have provided valuable insights into the regional burden of infertility. Uwakwe et al. (2019) investigated the socio-demographic patterns of infertility in Owerri and reported that male factors accounted for approximately 38% of all infertility cases at the time of the study. However, this work relied heavily on self-reported cases and semen analysis without further biochemical profiling. While Nwachukwu and Ezenwaka (2021) demonstrated elevated oxidative stress markers in infertile men compared to fertile controls after conducting a cross-sectional study at the Federal University Teaching Hospital (FUTH) which supported the hypothesis that chronic inflammation and oxidative damage are central to the pathophysiology of male infertility in the local population. Similarly, Okoroafor et al. (2022) identified environmental toxins and lifestyle habits as significant contributors to hormonal imbalance and reduced testosterone levels. 
At a regional level, studies from southeastern Nigeria, including those from Enugu and Abia States, have shown trends of hypogonadism, elevated pro-inflammatory cytokines, and poor semen quality in men attending fertility clinics. For instance, Ezugwu et al. (2018) found elevated levels of interleukin-6 (IL-6) in the seminal plasma of infertile men, consistent with findings in international studies linking cytokine-mediated inflammation to testicular dysfunction. Though valuable, none of these studies have concurrently assessed hormonal and inflammatory markers in infertile men within Imo State, leaving a critical research gap.
Moreover, the lack of accessible and affordable diagnostic tools in many parts of Imo State makes it challenging for health care professionals to conduct proper investigations beyond routine semen analysis. This limits clinicians’ ability to detect and treat infertility cases that may have underlying hormonal, or inflammatory causes. By focusing on biochemical markers such as testosterone and CRP, this research will help to expand the diagnostic scope and highlight the importance of non-conventional markers in the assessment of male reproductive health in the region.
Inflammation, often arising from obesity, infection, trauma, or exposure to toxins, can result in oxidative damage, mitochondrial dysfunction, and impaired Leydig and Sertoli cell activity (Agarwal et al., 2018). Pro-inflammatory cytokines such as TNF-α, IL-6, and IL-1β contribute to sperm DNA fragmentation and decreased motility, further worsening fertility outcomes (Boldeanu et al., 2023). Yet, despite their biological importance, the interplay between inflammatory mediators and testosterone levels remains poorly understood in the Nigerian population.
Given the rising incidence of male infertility and the paucity of biochemical data in southeastern Nigeria, there is an urgent need to investigate both hormonal and inflammatory parameters as potential diagnostic tools. Understanding their interaction will enhance early detection, guide therapeutic strategies, and reduce the psychosocial burden associated with infertility.
This study therefore aims to evaluate the serum levels of testosterone and inflammatory biomarkers—C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α)—in infertile men in Imo State, Nigeria. Furthermore, it seeks to explore the relationship between these biochemical indices and selected demographic factors (age and BMI), thereby providing a more comprehensive understanding of the pathophysiological mechanisms underlying male infertility in the region.

MATERIALS AND METHODS
Study Area, Population And Designs:
This study was conducted between November 2024 and January 2025 among infertile men attending the Obstetrics and Gynecology Clinics of the Federal University Teaching Hospital, Owerri, and the Imo State Specialist Hospital, Umugumma, both located in Imo State, Nigeria. 
The study included patients suffering from infertily (oligospermic or azoospermic) attending and receiving treatment at the Obstetrics and Gynecology Clinics of the Federal University Teaching Hospital, Owerri, and the Imo State Specialist Hospital, Umugumma. A total of 204 participants were recruited, comprising 68 oligospermic, 34 azoospermic, and 102 apparently healthy normospermic controls. The study subjects were sampled using the targeted random sampling technique to ascertain that every age group was represented. 
This was a case-controlled study involving a total of 204 adult male participants aged between 25 and 55 years, comprising 102 men clinically diagnosed with infertility and 102 apparently healthy men serving as controls. Infertile participants were recruited from the Obstetrics and Gynecology clinics of the Federal University Teaching Hospital, Owerri, and the Imo State Specialist Hospital, Umugumma. Eligible participants were selected based on sperm analysis results, clinical diagnosis, and consent to participate. A structured questionnaire was administered to obtain relevant demographic and clinical information. Fasting venous blood samples were collected aseptically from all participants for the laboratory determination of biochemical and immunological parameters, including serum testosterone, C-reactive protein (CRP), and cytokines (IL-6 and TNF-α). Anthropometric indices such as body mass index (BMI), systolic blood pressure (SBP), and diastolic blood pressure (DBP) were also measured and recorded for each participant to evaluate their association with infertility status.

In this study, we considered adult male participants clinically diagnosed with infertility who attended the Obstetrics and Gynecology clinics of the Federal University Teaching Hospital, Owerri, and the Imo State Specialist Hospital, Umugumma. The infertile participants, aged 25–55 years, were grouped based on their sperm count into oligospermic and azoospermic categories, while 102 age-matched, apparently healthy, normospermic men with no history of infertility or reproductive disorders served as the control group. All participants provided written informed consent before inclusion in the study.
Men receiving corticosteroids, hormonal therapy, or testosterone replacement within the past six months were excluded from participation. Venous blood samples (5mL) were collected aseptically from each participant after an overnight fast of 8–12 hours using sterile disposable syringes and plain vacutainer tubes. The samples were allowed to clot and then centrifuged at 3000 rpm for 10 minutes to obtain serum, which was separated into clean, labeled cryovials and stored appropriately until analysis. All reagents used in the study were of analytical grade to ensure precision and reliability of the results.
Estimation of Serum Testosterone, C-Reactive Protein (CRP), and Cytokines (IL-6 and TNF-α) were performed using the Enzyme-Linked Immunosorbent Assay (ELISA) method according to the manufacturer’s instructions provided in the assay kits. Serum testosterone concentration was determined using the Accu-bind ELISA assay kit based on the competitive binding principle. C-reactive protein was estimated using a double-antibody “sandwich” ELISA technique, while Interleukin-6 (IL-6) and Tumor Necrosis Factor-alpha (TNF-α) were quantified using commercially available ELISA kits (MyBioSource, USA) based on standard immunoenzymatic procedures.
Anthropometric parameters such as body mass index (BMI) were calculated from height and weight measurements, while systolic and diastolic blood pressures (SBP and DBP) were determined using a standard sphygmomanometer. All assays were conducted in duplicate, and all reagents used were of analytical grade to ensure accuracy and reproducibility of results.
All statistical tests were two-tailed,and statistical significance was defined as p<0.05.Statistical analysis of results obtained was done using the SPSS version 21. Statistical differences between the experimental and control groups was determined using student t-test. 



RESULTS 
Table 1: MEAN VALUES OF TESTOSTERONE IN INFERTILE MEN COMPARED TO APPARENTLY HEALTHY CONTROLS

	Parameter
	Oligospermic Men
(n= 68)
	Azospermic Men
(n= 34)
	Control Subject
(n= 102)
	
f-value
	
p-value
(p≤0.05)

	Total Testosterone
(ng/dL)
	3.72±0.99
	2.641±0.60
	8.26± 1.90
	53.976
	0.1619*
0.000**
0.000***


	
	
	
	
	
	



Keywords: 
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
*: group 1 vs 2
**: group 1 vs 3
***: group 2 vs 3




Table 2: MEAN VALUES OF SERUM LEVELS OF INFLAMMATORY MARKERS  IN INFERTILE MEN  COMPARED TO APPARENTLY HEALTHY CONTROLS

	Parameter
	Oligospermic Men
(n= 68)
	Azospermic Men
(n= 34)
	Control Subject
(n= 102)
	
f-value
	
p-value
(p≤0.05)

	CRP
(mg/L)
	8.13±2.13		
	10.59±3.11
	2.63±0.73
	33.81134
	0.04968*
0.00002**
0.000***


	IL-6	
(pg/mL)
	8.70±1.84
	11.42±2.70
	3.21±1.08
	44.4423
	0.01304*
0.000**
0.000***


	TNF-α
(pg/mL)
	9.47±1.94
	11.67±1.82
	5.36±1.45
	33.45855
	0.02406*
0.00005**
0.000***



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
CRP = C - reactive protein
IL = Interleukin
TNF = Tumor Necrosis Factor
*: group 1 vs 2
**: group 1 vs 3
***: group 2 vs 3



Table 3: MEAN VALUES OF MARKERS OF INFLAMMATION  IN OLIGOSPERMIC MEN SUBJECTS IN RELATION TO AGE.
	Variables 

	35-44
(N= 41)
	45-55
(N = 27)
	t-Value
	P-value

	CRP
(mg/L)
	8.51±2.45
	7.57±1.69
	0.6598
	0.5279

	IL-6
(pg/mL)

	9.28±1.52
	7.82±2.15
	1.268
	0.2405

	TNF-α
(pg/mL)
	9.60±1.64
	9.27±2.59
	0.2509
	0.8082



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
CRP = C - reactive protein
IL = Interleukin
TNF = Tumor Necrosis Factor








Table 4:  MEAN VALUES OF TESTOSTERONE IN OLIGOSPERMIC SUBJECTS IN RELATION TO AGE.

	Variables 

	35-44
(N= 41)
	45-55
(N = 27)
	t-Value
	P-value

	Total Testosterone
(ng/dL)
	4.16±1.01
	3.07±0.51
	1.96488
	0.0850

	
	
	
	
	




Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant















Table 5: MEAN VALUES OF MARKERS OF INFLAMMATION  IN AZOSPERMIC  SUBJECTS IN RELATION TO AGE.

	Variables 

	35-44
(N= 17)
	45-55
(N = 17)
	t-Value
	P-value

	CRP
(mg/L)
	11.41±3.74
	9.77±2.46
	0.81898
	0.4365

	IL-6
(pg/mL)

	12.16±2.48
	10.69±2.97
	0.8476
	0.4213

	TNF-α
(pg/mL)
	11.02±1.62
	12.31±1.95
	-1.13834
	0.2879



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
CRP = C - reactive protein
IL = Interleukin
TNF = Tumor Necrosis






TABLE 6: MEAN VALUES OF TESTOSTERONE IN AZOSPERMIC SUBJECTS IN RELATION TO AGE.

	Variables 

	35-44
(N= 17)
	45-55
(N = 17)
	t-Value
	P-value

	Total Testosterone
(ng/dL)
	2.30±0.25
	2.98±0.67
	-2.1315
	0.0656

	

	
	
	
	




Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant


Table 7: MEAN VALUES OF MARKERS OF INFLAMMATION  IN OLIGOSPERMIC  SUBJECTS IN RELATION TO BMI.

	Variables 

	Normal
(N =28)
	Obese
(N =40)
	t-Value
	P-value

	CRP
(mg/L)

	10.10±1.92
	6.82±1.46
	3.71345
	0.0059

	IL-6
(pg/mL)

	8.71±1.29
	8.69±2.25
	0.01787
	0.9862

	TNF-α
(pg/mL)

	10.60±1.48
	8.72±1.94
	1.63329
	0.1411



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
CRP = C - reactive protein
IL = Interleukin
TNF = Tumor Necrosis Factor


Table 8: THE MEAN ± STANDARD DEVIATION VALUES OF SERUM LEVELS OF TESTOSTERONE IN OLIGOSPERMIC MEN (TEST SUBJECTS) IN RELATION TO BMI.

	Variables 

	Normal
(N =28)
	Obese
(N =40)
	t-Value
	P-value

	Total Testosterone
(ng/dL)
	3.79±1.31
	3.68±0.85
	0.16932
	0.8697




Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant




Table 9:  MEAN VALUES OF MARKERS OF INFLAMMATION IN AZOSPERMIC  SUBJECTS) IN RELATION TO BMI.

	Variables 

	Normal
(N =14)
	Obese
(N =20)
	t-Value
	P-value

	CRP
(mg/L)

	8.89±2.15
	11.73±3.28
	-1.51736
	0.1677

	IL-6
(pg/mL)

	10.31±1.50
	12.16±3.17
	-1.07434
	0.3140

	TNF-α
(pg/mL)
	11.80±1.84
	11.58±1.98
	0.17921
	0.8622



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
CRP = C - reactive protein
IL = Interleukin
TNF = Tumor Necrosis Factor

Table 10: MEAN VALUES OF SERUM LEVELS OF TESTOSTERONE IN AZOSPERMIC  SUBJECTS IN RELATION TO BMI.

	Variables 

	Normal
(N =14)
	Obese
(N =20)
	t-Value
	P-value

	Total Testosterone
(ng/dL)
	2.36±0.23
	2.83±0.72
	-1.2439
	0.2487



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant

Table 11: PEARSON CORRELATION OF TESTOSTERONE WITH CRP  AND CYTOKINES, IN OLIGOSPERMIC SUBJECTS.
	Variable
	n
	R
	p-value

	CRP
	68
	0.185
	0.6089

	IL-6	
	68
	0.0587
	0.8720

	TNF-α
	68
	0.4872
	0.1532



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
CRP = C - reactive protein
IL = Interleukin
TNF = Tumor Necrosis Factor

Table 12: PEARSON CORRELATION OF TESTOSTERONE WITH CRP AND CYTOKINES,  IN AZOSPERMIC  SUBJECTS.
	Variable
	n
	R
	p-value

	CRP
	34
	-0.0367
	0.9214

	IL-6	
	34
	-0.2879
	0.4214

	TNF-α
	34
	-0.1703
	0.6387



Key:
P < 0.05 = Statistically Significant
P > 0.05 = Not Statistically Significant
CRP = C - reactive protein
IL = Interleukin
TNF = Tumor Necrosis Factor

DISCUSSION:
Male infertility is a complex condition influenced by hormonal, inflammatory, and immunological factors. While semen analysis remains the primary diagnostic tool, recent research highlights the relevance of biochemical markers  in understanding male reproductive dysfunction.
This study evaluated serum levels of testosterone, CRP and cytokines in infertile men (oligospermic and azoospermic) compared to healthy controls in Imo State, Nigeria. It also assessed the role of age and body mass index (BMI) on these markers and explored correlations between testosterone and inflammatory parameters.
The study found significantly lower total serum testosterone in oligospermic men and azoospermic men compared to controls. These results reaffirm the well-established link between hypogonadism and male infertility. Testosterone, produced via the hypothalamic–pituitary–gonadal axis, is essential for normal spermatogenesis, libido, and secondary sexual characteristics (Li et al., 2024). When serum testosterone declines due to primary testicular dysfunction or central hypogonadism sperm production and quality typically deteriorate.
Globally, up to 30% of infertile men display evidence of hypogonadism (De Silva et al., 2024). The magnitude of the observed differences, with roughly falls from ~8 ng/dL to ~3 ng/dL or lower, aligns with clinical thresholds where low testosterone impairs spermatogenic function. In similar cross-sectional cohorts, low serum testosterone has been strongly associated with increased inflammatory markers such as CRP and IL‑6, suggesting an interplay between endocrine dysfunction and systemic inflammation (Sheikh‐Ahmad et al., 2022).
Local data from Nigeria corroborate the findings. Njoku-Obi et al. (2024) reported reduced testosterone levels in rural men exposed to environmental toxins and unhealthy lifestyle habits conditions common in Imo State which underscores the relevance of the work to regional public health needs. Clinically, the implication is clear: low testosterone is both a marker and a contributor to male subfertility, particularly in oligospermia and azoospermia. It suggests that routine fertility evaluations should include hormonal profiling not just semen analysis to identify men with treatable endocrine dysfunction. Evidence from intervention trials suggests that testosterone replacement therapy (TRT) can reduce inflammation markers like CRP and IL‑6 in hypogonadal men, although caution is required when fertility is desired (because exogenous testosterone may further suppress spermatogenesis if not managed appropriately) (Vittorio, 2019)
The results showing no statistically significant difference between oligospermic and azoospermic men suggests a similar endocrine impairment across both groups, though the trend toward lower testosterone in azoospermia may reflect more severe testicular compromise. These findings resonate with international literature (Marcin et al., 2021), while providing region-specific evidence for Imo State. They support the clinical value of serum testosterone measurement in fertility assessments and highlight the potential for targeted endocrine evaluation and therapy in infertile men.
The present study demonstrated markedly elevated levels of inflammatory markers among infertile men. Both oligospermic and azoospermic subjects had significantly higher mean serum concentrations of C-reactive protein (CRP), Interleukin‑6 (IL‑6), and Tumor Necrosis Factor‑alpha (TNF‑α) compared to healthy controls. Within the infertile groups, azoospermic men exhibited significantly greater levels than oligospermic counterparts, indicating a gradient of inflammation severity aligned with sperm production impairment.
These findings align strongly with growing evidence linking chronic systemic inflammation to male infertility. Pro‑inflammatory cytokines such as IL‑6 and TNF‑α are not only produced by immune cells but are also secreted by Sertoli and germ cells, playing regulatory roles in spermatogenic cycles and testicular immune privilege. However, elevated levels as seen in infertile men disrupt the delicate immunoregulatory milieu, impair blood-testis barrier integrity, alter Sertoli cell function, and elicit oxidative stress pathways that damage germ cells and somatic support functions (Azenabor et al., 2018; Loveland et al., 2017)
Notably, a recent review in Potiris et al. (2025) reaffirmed that excessive IL‑6 and TNF‑α promote reactive oxygen species (ROS)-mediated DNA fragmentation, membrane lipid peroxidation, and sperm apoptosis mechanisms directly detrimental to sperm motility and viability. Similarly, Attia et al. (2021) found significantly elevated IL‑6 and TNF‑α in seminal plasma of infertile men, with IL‑1α also up in the azoospermic subgroup though these markers lacked diagnostic specificity individually, they nonetheless mirrored the inflammatory disparity your results underline 
In addition, large epidemiological and experimental studies have consistently shown that systemic inflammation, even at low grade, as reflected by elevated CRP, interferes with testicular function. Testosterone and sperm production are down-regulated by inflammatory mediators, and Leydig cell steroidogenesis is suppressed under chronic inflammatory conditions. Testosterone therapy in hypogonadal men has been shown to reduce CRP, IL‑6, and TNF‑α levels, indicating a bidirectional relationship between inflammation and endocrine dysfunction. Azenabor et al. (2018) reviewed how asymptomatic but prolonged genitourinary inflammation drives oxidative stress and cytokine release, impairing sperm quality and fertility outcomes 
The observed pattern, highest inflammation in azoospermia, intermediate in oligospermia, lowest in controls supports an emerging paradigm: male infertility severity correlates with the degree of systemic and local inflammation. Elevated CRP, IL‑6, and TNF‑α in infertile men may be both markers and mediators of reproductive dysfunction, and they may also serve as prognostic indicators for future outcomes or responses to anti-inflammatory or immunomodulatory treatments.
From a clinical standpoint, these findings suggest that routine inflammatory marker assessment (CRP, IL‑6, TNF‑α) could serve as additional tools alongside semen analysis and hormonal testing. Identifying elevated markers may inform therapeutic strategies such as targeted anti-inflammatory interventions, antioxidant supplementation, or lifestyle interventions aimed at reducing systemic inflammation (e.g., dietary changes, increased physical activity).
Across both oligospermic and azoospermic groups, age did not produce statistically significant differences in inflammatory markers (CRP, IL‑6, TNF‑α), or serum testosterone levels. In oligospermia, younger men had marginally higher testosterone, higher CRP and IL‑6 but these did not reach significance. A similar non-significant pattern occurred in azoospermic men, where older individuals had slightly higher testosterone, but inflammatory and immunological markers remained comparable between age groups. These findings suggest that within the age range studied, aging per se was not a major determinant of hormonal, inflammatory, or immune biomarker variability in infertile men in this cohort. This is consistent with literature indicating that age-related declines in testosterone and rises in inflammatory markers occur more prominently after age 60, often termed “inflammaging” (Ruscica et al., 2019). In younger and middle-aged men, anti-inflammatory regulatory mechanisms and hormonal axes may still compensate effectively, leading to relatively stable biomarker levels within this narrower age window (Thomas et al., 2018).
While global cross-sectional data show that testicular aging and endocrine decline progressively reduce sperm quality and motility after the late 30s (Kumar et al., 2017), the absence of significant age effects in the present study may reflect sample size limitations, narrow age grouping, or the overriding influence of inflammation and immune activation that affects infertile individuals irrespective of age.
In the cohort, BMI demonstrated limited associations with biomarker levels among infertile men. Among oligospermic men, those with normal BMI had significantly higher CRP than obese counterparts, an unexpected inverse relationship. However, IL‑6, TNF‑α, and testosterone levels did not differ significantly across BMI categories. For azoospermic men, none of these markers significantly varied between normal and obese BMI groups even though obese men had numerically higher CRP and IL‑6 levels.
These results contrast with a large body of evidence demonstrating that increasing BMI is often associated with lower testosterone and increased systemic inflammation in diverse populations. Meta-analyses show significant negative correlations between BMI and serum testosterone across infertile and general male cohorts (Stephenson et al., 2024), as well as elevated CRP and cytokines in obese individuals (Fan et al., 2018). In men aged 45–60, BMI explained much of the inflammation–testosterone relationship, with adiposity acting as a driver of low-grade inflammation (Saad et al., 2019).
The unexpected inverse CRP trend in your oligospermic group may be due to confounding lifestyle or nutritional differences not captured in BMI classification such as smoking status, alcohol use, or micronutrient deficiencies that can influence systemic inflammation independent of weight. Alternatively, regional differences in fat distribution or inflammatory responses might account for divergent patterns.
[bookmark: _Hlk203302042][bookmark: _Hlk203302068]Despite the lack of direct age or BMI associations in this study, global research supports the complex interrelations between age, adiposity, testosterone, and inflammation. Lower testosterone has been shown to promote inflammation via diminished suppression of cytokine synthesis independent of adiposity (Feldman et al., 2022). Adipose tissue itself produces pro-inflammatory adipokines and enhances estrogen conversion through aromatase activity, contributing to hormonal disruption and systemic inflammation in obese men (Kristensen et al., 2023).
Moreover, obesity-related metabolic disturbances including insulin resistance and increased oxidative stress are recognized drivers of impaired spermatogenesis and testicular dysfunction (Abbasi-Hormozi et al., 2023). These pathways often act independently of BMI-defined weight alone, highlighting the importance of evaluating metabolic health, waist circumference, and inflammatory indices beyond BMI categories.
Clinically, the absence of significant age or BMI effects in your infertile men suggests that biomarker profiling should be applied broadly, irrespective of these baseline characteristics. Elevated inflammatory markers can occur in younger or non-obese individuals and may identify underlying pathology that semen analysis alone cannot capture.
Tables 13 and 14 present the Pearson correlation analyses between serum testosterone and inflammatory markers (CRP, IL‑6, TNF‑α) among oligospermic and azoospermic men. Despite biologically plausible expectations, none of the observed correlations reached statistical significance in either subgroup. In oligospermic men, testosterone showed weak positive associations with CRP, IL‑6, and TNF‑α. In azoospermic men, testosterone exhibited marginal negative correlations with CRP, IL‑6, and TNF‑α.
Despite the absence of statistically significant correlations, it is important to interpret these results cautiously rather than dismissing their biological relevance outright. Statistical non-significance may reflect limitations in sample size, restricted range of values, and biological complexity rather than a true lack of association. Globally, many studies have documented inverse relationships between testosterone and inflammatory markers, where higher CRP and IL‑6 levels accompany lower testosterone levels in both fertile and infertile populations. A large cohort study of aging men demonstrated that lower testosterone is independently associated with higher inflammatory biomarkers even after adjusting for BMI and comorbidities (Li et al., 2022). Similarly, experimental rodent models show that androgen deprivation upregulates IL‑6 expression in the testis, reinforcing negative feedback loops between testosterone and inflammation.
The absence of a linear correlation in the study may be Threshold Effects (Elevated inflammation and low testosterone may coexist as part of pathophysiological pathways, but their relationship may not be linear. Once inflammation surpasses a threshold, testosterone levels may plateau at a low level, obscuring correlation), Group Heterogeneity (Within oligospermic and azoospermic groups, individual variation in comorbidities (e.g., infections, obesity, stress levels) and immune response could attenuate correlations)
Although direct correlations between testosterone and inflammation markers were not statistically significant, the overall pattern low testosterone in parallel with high inflammatory suggests a pathophysiological nexus rather than isolated dysfunctions. Clinicians should thus interpret hormonal, inflammatory, and immune parameters collectively, rather than relying on one biomarker alone for diagnostic or therapeutic decisions.
Low testosterone in the presence of elevated CRP, IL‑6, or TNF‑α may still warrant a clinical approach involving endocrine evaluation, anti-inflammatory interventions or therapy, even in the absence of clear correlations.



CONCLUSION
This study concludes that infertile men, particularly those with oligospermia and azoospermia, exhibited significant Hypogonadism and Chronic inflammation, given, given their low serum testosterone levels and elevated inflammatory markers.  These findings suggest a strong link between chronic inflammation and impaired spermatogenesis. Though variations were observed across age and BMI groups, as regards their roles in the inflammatory markers, they were not statistically significant, indicating multifactorial influences on male infertility.
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