IMPACT OF TOBACCO AND ALCOHOL ON SEMINAL FLUID PARAMETERS: A FOCUS ON SPERM VIABILITY IN RIVERS STATE, NIGERIA

ABSTRACT
Male infertility contributes substantially to the global burden of reproductive health disorders, with modifiable lifestyle factors such as tobacco smoking and alcohol consumption increasingly implicated in impaired spermatogenesis. Although several studies have evaluated their reproductive effects, region-specific data from the Niger Delta region of Nigeria remain limited.
To assess the impact of tobacco smoking and alcohol consumption on seminal fluid parameters among men undergoing evaluation for infertility in Rivers State, Nigeria.
This cross-sectional analytical study was conducted among 190 men aged 27-52 years attending the urology fertility clinic of Gbeye Hospital. Semen samples were collected following 2-7 days of sexual abstinence and analyzed according to WHO 2021 guidelines. Demographic information, tobacco use, and alcohol consumption history were obtained from medical records. Continuous variables were expressed as mean ± standard deviation. Comparisons between groups were performed using Wilcoxon rank sum and Kruskal–Wallis tests, with statistical significance set at p < 0.05.
The mean age of participants was 40.94 ± 5.73 years, with a mean duration of infertility of 5.75 ± 4.19 years. Alcohol consumption was reported in 46.20% of participants, while 21.98% reported tobacco smoking. Increasing age was significantly associated with longer duration of infertility (p < 0.001) but not with significant changes in conventional seminal parameters. Alcohol consumption did not demonstrate statistically significant differences in semen volume (p = 0.12), sperm concentration (p = 0.7), motility (p = 0.7), morphology (p = 0.9), or percentage of dead sperm cells (p = 0.9). In contrast, tobacco smoking was significantly associated with a higher percentage of dead sperm cells (51.38 ± 36.62% vs. 34.05 ± 36.23%, p = 0.017), while no statistically significant differences were observed in semen volume (p = 0.4), sperm concentration (p = 0.2), motility (p = 0.5), or morphology (p = 0.7).
Tobacco smoking is associated with increased sperm cell death among infertile men in Rivers State, suggesting oxidative stress–mediated impairment of sperm viability. Alcohol consumption did not demonstrate significant effects on conventional seminal parameters in this population. Increasing age was associated with prolonged infertility duration but not with significant alterations in routine semen indices. These findings underscore the importance of lifestyle assessment and smoking cessation counselling in male infertility management.
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INTRODUCTION
Infertility is a significant global reproductive health problem, affecting a large proportion of individuals and couples across different populations. Recent estimates from the World Health Organization (WHO) indicate that approximately 17.5% of adults worldwide experience infertility during their lifetime, corresponding to nearly one in six people globally [1,2]. Male factors contribute substantially to this burden and are implicated in about 40–50% of infertility cases, either as the sole cause or in combination with female factors [3,4]. Male infertility is commonly defined as the inability to achieve conception due to abnormalities in sperm production, function, or transport [4]. Epidemiological data from recent global analyses indicate that the burden of male infertility has increased over the past three decades, with rising prevalence reported across many regions [3]. In addition to biological consequences, male infertility is associated with psychological distress, reduced quality of life, and social stigma, particularly in low- and middle-income countries where cultural expectations regarding fertility are strong, and access to specialized care may be limited [1,2].
While genetic, anatomical, endocrine, infectious, and environmental factors are known to contribute to male infertility, modifiable lifestyle factors have received increasing attention due to their high prevalence and potential reversibility [2,5,6]. Among these, tobacco smoking and alcohol consumption are particularly important exposures because they are commonly initiated during adolescence or early adulthood and often persist throughout the reproductive years [6,7]. According to recent WHO global monitoring reports, tobacco use remains widespread, with a substantial proportion of users being men of reproductive age [6]. Alcohol consumption also remains prevalent worldwide and is associated with a broad range of adverse health outcomes, including endocrine and reproductive disorders [7].
Tobacco is a complex mixture of thousands of chemical compounds, many of which possess toxic, mutagenic, or oxidative properties [6,8]. Tobacco smoking is widely acknowledged to have deleterious effects on human health and remains one of the most significant preventable causes of morbidity and mortality worldwide [8]. Extensive evidence has linked tobacco use to over 27 disease conditions, notably respiratory and cardiovascular disorders, cancers of the lung, kidney, urinary bladder, and pancreas, as well as type 2 diabetes and several other chronic medical conditions [8,9]. Although the causal relationship between smoking and numerous severe diseases is well established, the underlying biological mechanisms responsible for the broad spectrum of smoking-related pathologies have not been completely clarified. Despite widespread awareness of the health risks associated with tobacco consumption, smoking persists as a major public health challenge.
Recent population-based studies have demonstrated that cigarette smoking is associated with significant alterations in semen quality, including reduced semen volume, lower sperm concentration, decreased total sperm count, impaired motility, and increased sperm DNA fragmentation [8,10]. A large study conducted in 2023 reported dose-dependent associations between smoking intensity and deterioration of multiple semen parameters, as well as increased oxidative stress and reduced serum zinc levels among smokers [8]. These findings support earlier mechanistic evidence that tobacco-induced oxidative stress damages sperm plasma membranes and nuclear DNA, leading to compromised sperm function and fertilization potential [5,11].
Alcohol exposure also adversely affects male reproductive function through several biological mechanisms. Ethanol metabolism generates acetaldehyde and other reactive metabolites that induce oxidative stress and disrupt cellular homeostasis [11,12,13]. Alcohol consumption is associated with alterations in semen quality and sperm chromatin structure, reflecting potential damage to sperm DNA packaging and nuclear integrity [14]. In a 2023 retrospective analysis, alcohol use was significantly associated with abnormal sperm chromatin parameters, suggesting impaired sperm nuclear maturation [13]. Alcohol has also been linked to dysregulation of the hypothalamic–pituitary–gonadal axis, resulting in altered secretion of gonadotropins and reduced testosterone synthesis, which may further compromise spermatogenesis [11,15.16].
Tobacco and alcohol exposures frequently co-occur, and combined use may exert additive or synergistic effects on male reproductive function [5]. A recent systematic review and meta-analysis published in 2024 concluded that both smoking and alcohol consumption are associated with significant deterioration of conventional semen parameters and reproductive hormone profiles in infertile men [17]. It reported consistent evidence of reduced sperm concentration, motility, and normal morphology among exposed individuals compared with non-exposed controls [17]. 
Semen analysis remains the primary laboratory investigation for the assessment of male fertility potential and provides essential information on seminal fluid parameters such as semen volume, sperm concentration, motility, morphology, and vitality [18,19]. To improve standardization and comparability of semen assessment across laboratories, the WHO released the sixth edition of its laboratory manual for the examination and processing of human semen in 2021, updating methodological procedures and reference values [18]. Subsequent expert evaluations of the revised manual have emphasized the importance of strict adherence to standardized protocols, as variations in sample collection, handling, counting techniques, and interpretation may significantly influence reported semen parameters and research outcomes [19].
Beyond conventional semen parameters, increasing attention has been directed toward functional indicators of sperm quality, particularly sperm DNA integrity and oxidative stress markers [5,11]. Oxidative stress refers to an imbalance between the production of reactive oxygen species (ROS) and the antioxidant defence capacity of seminal plasma and spermatozoa [20]. Physiological levels of ROS play a role in sperm capacitation and fertilization processes; however, excessive ROS generation leads to lipid peroxidation of sperm membranes, mitochondrial dysfunction, DNA strand breaks, and apoptosis of germ cells [11]. Multiple recent studies have demonstrated that infertile men exhibit higher oxidative stress levels and reduced antioxidant activity compared with fertile controls, suggesting a central role of oxidative stress in male infertility pathophysiology [5,11].
In Nigeria, tobacco use patterns vary by region, sex, and socioeconomic status. A recent national analysis of tobacco use among men and women of reproductive age reported significantly higher prevalence among men, with notable regional differences across geopolitical zones [21]. Men residing in the South–South region, which includes Rivers State, were found to have higher odds of tobacco use compared with some other regions [21]. Alcohol consumption is also widely practised in Nigeria and is influenced by social norms, occupational factors, and accessibility of alcoholic beverages, particularly in urban and semi-urban settings [22].
Rivers State is an economically active region characterized by rapid urbanisation, industrial development, and a large working-age population. Social and occupational environments within the state may influence patterns of substance use through work-related stress, peer behavior, and ease of access to alcohol and tobacco products [22]. Recent studies examining substance use among youths in Rivers State reported measurable prevalence of alcohol and cigarette use and identified peer influence and environmental factors as key determinants [22,23]. These findings suggest that exposure to tobacco and alcohol may begin early and extend into adulthood, potentially affecting reproductive health outcomes.
Given the relatively high prevalence of tobacco and alcohol use among men in Rivers State and the lack of region-specific data on male reproductive health, there is a need for studies that evaluate the relationship between these exposures and seminal fluid parameters in this population. Such data may contribute to improved clinical counselling, targeted public health interventions, and a better understanding of lifestyle-related determinants of male infertility in this region.
Therefore, the present study aims to assess the impact of tobacco smoking and alcohol consumption on seminal fluid parameters, including sperm concentration, motility, morphology, and semen volume, among men in Rivers State, Nigeria, using standardized semen analysis procedures in accordance with current WHO guidelines.

METHODOLOGY
Study Design
This was a cross-sectional analytical study conducted among male patients attending the urology fertility clinic of Gbeye Hospital, Port Harcourt, Nigeria. The study was designed to evaluate the association between tobacco smoking, alcohol consumption, and seminal fluid parameters among men undergoing evaluation for infertility.
Study Area
The study was carried out at Gbeye hospital, located in Port Harcourt, the capital city of Rivers State in the South-South geopolitical zone of Nigeria. The hospital receives patients from both urban and semi-urban communities and provides specialized diagnostic and laboratory services for infertility evaluation.
Study Population
The study population consisted of adult male patients aged 27 to 52 years who presented to the hospital for evaluation of infertility during the study period. All participants had been unable to achieve conception with their partners after at least 12 months of regular unprotected sexual intercourse and were referred for routine semen analysis as part of standard clinical assessment.
Inclusion and Exclusion Criteria
Inclusion Criteria
Male patients aged 27–52 years who were undergoing evaluation for infertility and had available semen analysis results were included in the study. Only patients who provided complete demographic information and whose medical records contained a documented history of tobacco smoking and/or alcohol consumption were eligible for inclusion.


Exclusion Criteria
Patients with known causes of infertility, such as varicocele, cryptorchidism, obstructive azoospermia, testicular tumors, or a history of testicular surgery, were excluded from the study. Patients with systemic illnesses known to affect fertility, including diabetes mellitus, chronic liver disease, chronic kidney disease, malignancy, or hormonal disorders, were also excluded. In addition, patients on medications that could influence spermatogenesis, such as chemotherapy, hormonal therapy, or anabolic steroids, were excluded.
Sample Size
Sample size for this cross-sectional study was determined using Cochran’s formula for estimating a single population proportion.
Cochran’s formula is expressed as:
n₀ = Z² × p(1 − p) / d²
Where:
n₀ = minimum required sample size
Z = standard normal deviate at 95% confidence level (1.96)
p = estimated prevalence of the characteristic in the population
d = margin of error (precision), set at 0.05
A prevalence (p) of 13.4% (0.134) representing tobacco use among Nigerian men of reproductive age was adopted [23].
Therefore,
n₀ = (1.96)² × 0.134(1 − 0.134) / (0.05)²
n₀ = 3.8416 × 0.134 × 0.866 / 0.0025
n₀ = 3.8416 × 0.116044 / 0.0025
n₀ = 0.4459 / 0.0025
n₀ = 178.36
Therefore, the minimum calculated sample size was approximately 178 participants.
However, a total of 190 participants were incorporated into the study.
Data Collection
Demographic and clinical data were obtained from patients’ medical records using WHO guideline and protocol for seminal fluid analysis [24]. Information collected included age, marital status, duration of infertility, tobacco smoking history, alcohol consumption history, and semen analysis results. Exposure to tobacco and alcohol was based on documented clinical history obtained during routine fertility evaluation and recorded in the patient’s case file.
Seminal fluid parameters were extracted from laboratory records and included semen volume, sperm concentration, total sperm count, progressive motility, non-progressive motility, total motility, and sperm morphology. All semen analyses had been performed as part of routine clinical care using standardized protocols.
Semen Collection Procedure
Semen samples were collected by masturbation after a period of 2–7 days of sexual abstinence, in accordance with the World Health Organization (WHO) 2021 laboratory manual for the examination and processing of human semen [24]. Samples were collected in sterile, wide-mouthed plastic containers within the hospital premises and allowed to liquefy at room temperature. Time of collection and time of analysis were documented for each sample.
Laboratory Analysis of Seminal Parameters
Semen analysis was performed in the laboratory using WHO 2021 guidelines [24]. Semen volume was measured using a graduated container. Sperm concentration was determined using a Neubauer hemocytometer after appropriate dilution. Sperm motility was assessed under light.
Sperm morphology was assessed using stained smears and evaluated according to strict WHO criteria, with normal morphology expressed as a percentage of morphologically normal spermatozoa. All laboratory analyses were carried out by trained laboratory scientists following standard operating procedures to ensure consistency and reliability of results.

Statistical Analysis
Data obtained from the study were entered into Microsoft Excel and subsequently analyzed using the Statistical Package for Social Sciences (SPSS) version 25.0 (IBM Corp., Armonk, NY, USA). Continuous variables were summarized using mean and standard deviation (mean ± SD), while categorical variables were presented as frequencies and percentages.
Comparisons of continuous variables between two independent groups, including seminal fluid parameters according to alcohol consumption and tobacco use, were performed using the Wilcoxon rank sum test due to the non-normal distribution of the variables. Comparison of continuous variables across more than two groups, such as age categories, was carried out using the Kruskal–Wallis rank sum test. Associations between categorical variables, including age category with alcohol consumption and tobacco use, were assessed using Fisher’s exact test where appropriate.
All statistical tests were two-tailed, and statistical significance was set at a p-value of less than 0.05.

RESULT
Descriptive Characteristics of the Study Population
A total of 190 male patients undergoing evaluation for infertility were included in the study. The mean age of the participants was 40.94 ± 5.73 years, with a mean duration of infertility of 5.75 ± 4.19 years. The mean age of spouses was 35.45 ± 4.89 years. Regarding alcohol consumption, 99 participants (53.80%) reported no history of alcohol use, while 85 (46.20%) reported alcohol consumption. With respect to tobacco use, 142 participants (78.02%) were non-smokers, while 40 (21.98%) reported tobacco smoking (Table 1).
Distribution of Age Categories
Table 2 shows the age distribution of the study participants. The majority of subjects were within the age group of 36–40 years (65 participants, 34.21%), followed by those aged 41–45 years (54 participants, 28.42%). Participants aged 46–50 years accounted for 32 (16.84%) of the study population, while those aged 31–35 years were 22 (11.58%). The least represented age groups were 27–30 years and above 51 years, with 9 (4.74%) and 8 (4.21%) participants, respectively.
Descriptive Seminal Fluid Parameters
The mean semen volume among the participants was 2.74 ± 1.56 mL. The mean percentage of actively motile sperm cells was 10.00 ± 16.82%. The mean sperm count was 9.61 ± 15.36 million/mL. The mean percentage of dead sperm cells was 39.36 ± 37.55%, while sluggish motility accounted for a mean of 11.69 ± 15.99%. The mean percentage of sperm with normal morphology was 25.96 ± 31.96% (Table 3).
Association Between Age Category and Alcohol Consumption
Table 4 presents the relationship between age categories and alcohol consumption. Among participants aged 27–30 years, 4 (44%) did not consume alcohol, while 5 (56%) reported alcohol use. In the 31–35 age group, 13 participants (65%) were non-alcohol users and 7 (35%) were alcohol users. In the 36–40 age category, 27 participants (42%) reported no alcohol use, while 38 (58%) reported alcohol consumption. Among those aged 41–45 years, 32 (62%) were non-users and 20 (38%) were users. In the 46–50 age group, 19 participants (59%) were non-users and 13 (41%) were users. Among participants above 51 years, 4 (67%) reported no alcohol use, while 2 (33%) reported alcohol use. There was no statistically significant association between age category and alcohol consumption (p = 0.2).
Effect of Age on Duration of Infertility
Table 5 shows the relationship between age category and duration of infertility. Participants aged 27–30 years had a mean infertility duration of 3.00 ± 3.03 years. Those aged 31–35 years had a mean duration of 4.59 ± 1.82 years, while participants aged 36–40 years had a mean duration of 5.14 ± 4.43 years. In the 41–45 age group, the mean duration was 5.55 ± 2.76 years. Participants aged 46–50 years had a mean infertility duration of 7.27 ± 3.95 years, while those above 51 years had the longest duration at 12.75 ± 7.98 years. There was a statistically significant difference in the duration of infertility across age categories (p < 0.001).
Effect of Age on Seminal Fluid Parameters
Table 6 shows the effect of age on seminal fluid parameters. Mean semen volume ranged from 4.38 ± 3.53 mL in the 27–30 age group to 2.65 ± 1.13 mL in participants above 51 years, with no statistically significant difference across age groups (p = 0.3). Active sperm motility ranged from 22.00 ± 29.75% in the 27–30 group to 1.25 ± 2.31% in participants above 51 years, with no statistically significant difference (p = 0.078). Mean sperm count ranged from 17.85 ± 16.51 million/mL in the 27–30 group to 2.23 ± 2.40 million/mL in participants above 51 years, with no statistically significant difference (p = 0.11).
The percentage of dead sperm cells ranged from 66.75 ± 32.59% in participants aged 27–30 years to 41.25 ± 44.14% in those above 51 years, with no statistically significant difference (p = 0.2). Sluggish motility ranged from 11.25 ± 4.43% in the youngest group to 7.50 ± 8.86% in the oldest group, with no statistically significant difference (p = 0.6). Normal sperm morphology ranged from 40.75 ± 39.70% in participants aged 27–30 years to 22.50 ± 26.59% in those above 51 years, with no statistically significant difference (p = 0.11).
Effect of Alcohol on Seminal Fluid Parameters
Table 7 shows the effect of alcohol consumption on seminal fluid parameters. Participants who did not consume alcohol had a mean semen volume of 2.93 ± 1.67 mL, compared to 2.50 ± 1.42 mL among alcohol users, with no statistically significant difference (p = 0.12). Mean active sperm motility was 9.77 ± 15.99% in non-alcohol users and 10.83 ± 18.44% in alcohol users (p = 0.7). Mean sperm count was 9.78 ± 14.89 million/mL in non-users and 9.93 ± 16.42 million/mL in users (p = 0.7).
The percentage of dead sperm cells was 37.80 ± 36.30% in non-users and 37.40 ± 37.99% in users (p = 0.9). Sluggish motility was 10.91 ± 13.82% in non-users and 13.04 ± 18.79% in users (p = 0.8). Normal sperm morphology was 26.81 ± 32.79% in non-users and 25.36 ± 31.31% in users, with no statistically significant difference (p = 0.9).
Effect of Tobacco on Seminal Fluid Parameters
Table 8 shows the effect of tobacco smoking on seminal fluid parameters. Mean semen volume among non-smokers was 2.79 ± 1.61 mL, compared to 2.54 ± 1.47 mL among smokers, with no statistically significant difference (p = 0.4). Active sperm motility was 10.97 ± 18.27% in non-smokers and 8.35 ± 12.67% in smokers (p = 0.5). Mean sperm count was 9.99 ± 16.70 million/mL in non-smokers and 9.87 ± 11.37 million/mL in smokers (p = 0.2).
The percentage of dead sperm cells was significantly higher among smokers (51.38 ± 36.62%) compared to non-smokers (34.05 ± 36.23%), with a statistically significant difference (p = 0.017). Sluggish motility was 12.29 ± 17.11% in non-smokers and 11.03 ± 13.18% in smokers, with no statistically significant difference (p > 0.9). Normal sperm morphology was 27.26 ± 32.97% in non-smokers and 23.92 ± 29.33% in smokers, with no statistically significant difference (p = 0.7).
Association Between Age Category and Tobacco Use
Table 9 shows the association between age category and tobacco use. Among participants aged 27–30 years, 7 (78%) were non-smokers and 2 (22%) were smokers. In the 31–35 age group, 15 participants (75%) were non-smokers and 5 (25%) were smokers. Among participants aged 36–40 years, 49 (78%) were non-smokers and 14 (22%) were smokers. In the 41–45 age group, 42 (81%) were non-smokers and 10 (19%) were smokers. Among participants aged 46–50 years, 23 (72%) were non-smokers and 9 (28%) were smokers. All participants above 51 years were non-smokers. There was no statistically significant association between age category and tobacco use (p = 0.8).


RESULTS  
Table 1. Descriptive Analysis
	[bookmark: descriptive-analysis]Characteristic
	N = 1901

	Age
	40.94 (5.73)

	Duration of Infertility(yrs)
	5.75 (4.19)

	Spouse Age
	35.45 (4.89)

	Alcohol
	

	Absent
	99.00 (53.80%)

	Present
	85.00 (46.20%)

	Tobacco
	

	Absent
	142.00 (78.02%)

	Present
	40.00 (21.98%)

	

	1Mean (SD); n (%)




Table 2. Frequency of Age Category
	Characteristic
	N = 1901

	Age Category
	

	27-30
	9.00 (4.74%)

	31-35
	22.00 (11.58%)

	36-40
	65.00 (34.21%)

	41-45
	54.00 (28.42%)

	46-50
	32.00 (16.84%)

	Above51
	8.00 (4.21%)

	1n (%)


[bookmark: frequency-of-age-category][bookmark: descriptives]
Table 3. Descriptives
	Characteristic
	N = 1901

	volume1(ml)
	2.74 (1.56)

	active1(%)
	10.00 (16.82)

	spermcount1
	9.61 (15.36)

	deadcells1
	39.36 (37.55)

	sluggish1
	11.69 (15.99)

	Normal morphology1
	25.96 (31.96)

	1Mean (SD)



Table 4. Age Category And Alcohol
	 
	Alcohol
	 

	
	Absent
	Present
	Total
	p-value1

	AgeCat
	
	
	
	0.2

	27-30
	4 (44%)
	5 (56%)
	9 (100%)
	

	31-35
	13 (65%)
	7 (35%)
	20 (100%)
	

	36-40
	27 (42%)
	38 (58%)
	65 (100%)
	

	41-45
	32 (62%)
	20 (38%)
	52 (100%)
	

	46-50
	19 (59%)
	13 (41%)
	32 (100%)
	

	Above51
	4 (67%)
	2 (33%)
	6 (100%)
	

	1Fisher's exact test


[bookmark: age-category-and-alcohol]
Table 5. Effect of Age on Duration of Infertility
	Characteristic
	27-30  
N = 91
	31-35  
N = 221
	36-40  
N = 651
	41-45  
N = 541
	46-50  
N = 321
	Above51  
N = 81
	p-value2

	Duration
of infertility
	3.00 (3.03)
	4.59 (1.82)
	5.14 (4.43)
	5.55 (2.76)
	7.27 (3.95)
	12.75 (7.98)
	<0.001

	1Mean (SD)

	2Kruskal-Wallis rank sum test






[bookmark: effect-of-age-on-duration-of-infertility][bookmark: X1e112649b51d90a120dc8b03c58ee45862dd427]Table 6. Effect of Age in all the Semen parameters
	Characteristic
	27-30  
N = 91
	31-35  
N = 221
	36-40  
N = 651
	41-45  
N = 541
	46-50  
N = 321
	Above51  
N = 81
	p-value2

	Volume(ml)
	4.38 (3.53)
	2.24 (1.01)
	2.81 (1.67)
	2.48 (1.23)
	2.98 (1.22)
	2.65 (1.13)
	0.3

	Active (%)
	22.00 (29.75)
	9.55 (17.18)
	9.22 (14.29)
	8.12 (14.96)
	13.81 (20.16)
	1.25 (2.31)
	0.078

	Sperm Count
	17.85 (16.51)
	7.36 (13.75)
	10.84 (16.53)
	8.98 (17.54)
	9.63 (10.95)
	2.23 (2.40)
	0.11

	Dead Cell
	66.75 (32.59)
	32.27 (37.53)
	41.63 (37.04)
	38.75 (39.60)
	33.72 (33.68)
	41.25 (44.14)
	0.2

	Sluggish
	11.25 (4.43)
	8.18 (10.75)
	13.32 (15.80)
	11.92 (20.82)
	11.84 (13.61)
	7.50 (8.86)
	0.6

	Normal morphology1
	40.75 (39.70)
	20.45 (28.20)
	31.24 (35.36)
	21.93 (30.66)
	23.50 (28.86)
	22.50 (26.59)
	0.11

	1Mean (SD)

	2Kruskal-Wallis rank sum test








[bookmark: X9e9df636997c250972f3851e4dae6208ff6d406]Table 7. Effect of Alcohol In all the Seminal Fluid Parameters
	Characteristic
	Absent  
N = 991
	Present  
N = 851
	p-value2

	Volume(ml)
	2.93 (1.67)
	2.50 (1.42)
	0.12

	Active(%)
	9.77 (15.99)
	10.83 (18.44)
	0.7

	Sperm Count
	9.78 (14.89)
	9.93 (16.42)
	0.7

	Dead Cell
	37.80 (36.30)
	37.40 (37.99)
	0.9

	Sluggish
	10.91 (13.82)
	13.04 (18.79)
	0.8

	Normal morphology1
	26.81 (32.79)
	25.36 (31.31)
	0.9

	1Mean (SD)

	2Wilcoxon rank sum test



[bookmark: X5b573d74358590ed04565706887abb649a6a028]Table 8. Effect of Tobacco In all the Seminal Fluid Parameters
	Characteristic
	Absent  
N = 1421
	Present  
N = 401
	p-value2

	Volume(ml)
	2.79 (1.61)
	2.54 (1.47)
	0.4

	Active(%)
	10.97 (18.27)
	8.35 (12.67)
	0.5

	Sperm Count
	9.99 (16.70)
	9.87 (11.37)
	0.2

	Dead Cell
	34.05 (36.23)
	51.38 (36.62)
	0.017

	Sluggish
	12.29 (17.11)
	11.03 (13.18)
	>0.9

	Normal morphology1
	27.26 (32.97)
	23.92 (29.33)
	0.7

	1Mean (SD)

	2Wilcoxon rank sum test


[bookmark: age-category-and-tobacco]
Table 9. Age Category and Tobacco
	 
	Tobacco
	 

	
	Absent
	Present
	Total
	p-value1

	AgeCat
	
	
	
	0.8

	27-30
	7 (78%)
	2 (22%)
	9 (100%)
	

	31-35
	15 (75%)
	5 (25%)
	20 (100%)
	

	36-40
	49 (78%)
	14 (22%)
	63 (100%)
	

	41-45
	42 (81%)
	10 (19%)
	52 (100%)
	

	46-50
	23 (72%)
	9 (28%)
	32 (100%)
	

	Above51
	6 (100%)
	0 (0%)
	6 (100%)
	

	1Fisher's exact test





DISCUSSION
Understanding the influence of lifestyle factors on male reproductive health remains essential in the evaluation and management of infertility, particularly in low- and middle-income settings where modifiable behavioural exposures are common. Tobacco smoking and alcohol consumption have been widely investigated as potential contributors to impaired spermatogenesis and altered seminal parameters through mechanisms involving oxidative stress, hormonal disruption, and direct cellular toxicity [8,25]. 
Alcohol consumption did not show a statistically significant association with seminal fluid parameters in our study. These findings are consistent with several recent observational studies reporting inconsistent associations between alcohol intake and semen quality [13,17,26]. While chronic or heavy alcohol consumption has been associated with impaired spermatogenesis, hormonal imbalance, and increased oxidative stress, moderate alcohol consumption has not consistently demonstrated measurable adverse effects on semen volume, sperm concentration, or motility in clinical populations [13,27]. Ethanol metabolism generates reactive metabolites and promotes oxidative stress, which may interfere with Leydig cell function and disrupt the hypothalamic-pituitary-gonadal axis; however, the degree of impairment appears to depend largely on exposure intensity and duration [26,27]. The absence of significant differences observed our study may therefore reflect variations in drinking patterns or the predominance of moderate consumption rather than chronic heavy exposure among participants. 
In contrast, findings of our study demonstrated a statistically significant increase in the percentage of dead sperm cells among tobacco smokers compared with non-smokers (P value = 0.017). This represents the principal seminal abnormality identified in association with tobacco exposure in this population. Comparable findings have been reported in recent clinical and experimental studies showing reduced sperm viability and increased membrane damage among smokers [8,29]. Tobacco smoke contains numerous toxic substances capable of generating excessive reactive oxygen species within the male reproductive tract, resulting in oxidative stress and impairment of sperm membrane integrity [8,30]. Lipid peroxidation of sperm plasma membranes caused by oxidative stress reduces membrane fluidity and disrupts mitochondrial activity, ultimately leading to increased sperm cell death and reduced fertilization potential [8,31]. The increased proportion of dead sperm cells observed among smokers in our study is therefore consistent with oxidative stress-mediated reproductive injury described in contemporary literature.
Findings of this study did not demonstrate statistically significant differences between smokers and non-smokers in semen volume, sperm concentration, motility, or morphology. Similar variability has been reported in recent literature assessing smoking-related changes in conventional semen indices. Henriques MC, Santiago J, et al. observed that smoking was associated with reduced semen volume and total sperm count, whereas the differences in total motility and normal morphology did not reach statistical significance in their cohort [29]. In contrast, Al-Odat I, Al-Fawaeir S. reported statistically significant reductions in ejaculate volume and multiple sperm quality indices among smokers compared with non-smokers in a population-based study, indicating that the direction and magnitude of smoking effects may vary by baseline fertility status, exposure intensity, and study setting [32]. However, Ragheb A, Abdelbary A, et al. demonstrated time-dependent improvement across multiple semen parameters after smoking cessation and noted that the magnitude of change correlated with smoking intensity, supporting dose-related effects and reversibility in at least some domains of semen quality [33].
The majority of participants in our study were within the 36-45 year age group, with a mean age of approximately 41 years. This age distribution reflects patterns observed in infertility clinics where men often present for evaluation after prolonged attempts at conception. We observed that increasing age was significantly associated with longer duration of infertility, with a P value of <0.001, although age did not significantly affect seminal parameters. The statistically significant increase in duration of infertility with advancing age observed in this study is consistent with reports demonstrating that increasing paternal age is associated with delayed conception and reduced reproductive efficiency. Boxem AJ, Blaauwendraad SM, et al. reported that parental age outside the mid-reproductive range was associated with lower fecundability and higher likelihood of infertility, supporting the clinical relevance of age in delayed conception dynamics [34]. In addition, narrative and mechanistic reviews have emphasized that ageing-related declines in male reproductive function often reflect cumulative biological changes (e.g., oxidative stress, mitochondrial dysfunction, and increased sperm DNA damage) that may precede or occur without prominent abnormalities in conventional semen measures [35.36].


Age-related reproductive decline has been attributed to progressive impairment of testicular function, cumulative environmental exposures, and increased oxidative stress within the seminiferous epithelium, which may compromise sperm function over time even in the absence of marked alterations in routine semen parameters [35,37]. Oxidative stress associated with ageing has been shown to impair mitochondrial activity and increase DNA damage in spermatozoa, thereby contributing to prolonged infertility despite apparently normal conventional semen indices [38,39].
Conventional semen analysis primarily reflects quantitative characteristics and may not adequately capture functional alterations such as increased DNA fragmentation, oxidative damage, or epigenetic changes that accompany advancing age. Studies have demonstrated that men older than 40 years may exhibit increased sperm DNA fragmentation and oxidative stress markers even when sperm count and motility remain within comparable ranges, suggesting that functional impairment may precede measurable changes in routine seminal indices [40-42].
Findings of our study emphasize the importance of assessing lifestyle factors during infertility evaluation. Identification of modifiable risk factors such as tobacco use remains essential in infertility management, particularly in settings where access to advanced reproductive technologies may be limited. Smoking cessation has been associated with improvement in sperm oxidative status and overall reproductive outcomes, highlighting the relevance of preventive counseling as part of routine infertility care [8,33,43].
CONCLUSION
[bookmark: _GoBack]Findings of this study indicate that tobacco smoking is associated with increased sperm cell death among infertile men, whereas alcohol consumption did not demonstrate significant effects on conventional seminal parameters. Increasing age was associated with longer duration of infertility but not with significant alterations in routine semen indices. These findings support existing evidence that tobacco smoking may impair male reproductive function primarily through oxidative stress-related mechanisms affecting sperm viability. Further studies incorporating functional sperm assessment and quantitative exposure evaluation are recommended to better define the relationship between lifestyle factors and male fertility in this population.
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