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Background: Male infertility is a significant global public health issue, with
modifiable lifestyle factors such as smoking, obesity, and psychological stress
contributing to impaired semen quality and hormonal dysregulation. This study
investigates the relationships between modifiable lifestyle factors, reproductive
hormones, and semen quality in Ghanaian males attending an IVF clinic.
Methods: A cross-sectional study was conducted with 212 male participants
recruited from a fertility clinic in Ghana. Lifestyle factors were assessed using
standardized questionnaires, and semen samples were analyzed following WHO
guidelines. Hormonal profiles (LH, FSH, testosterone, estradiol) were measured
using the enzyme-linked fluorescent assay (ELFA). Statistical analyses included
Pearson’s product-moment correlation and Bonferroni correction.
Results: Smoking and psychological stress were significantly associated
with reduced sperm motility, viability, and concentration (p < 0.05). Elevated
BMI correlated negatively with sperm concentration and testosterone levels
(p < 0.05). Alcoholic bitters was linked to decreased semen quality, while caffeine
consumption showed a positive association with progressive sperm motility.
Conclusion: Modifiable lifestyle factors, such as smoking, psychological stress,
and increased body mass index (BMI), play a crucial role in male reproductive
health by adversely affecting semen parameters and hormonal balance. These
findings emphasize the need for public health interventions targeting
modifiable behaviors to improve fertility outcomes.
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Abbreviations

AMH, anti-müllerian hormone; AAS, anabolic-androgenic steroids; ABP, androgen binding protein; ART,
assisted reproduction technology; BMI, body mass index; BTB, blood-testis barrier; Camp, cyclic adenosine
monophosphate; CAVD, congenital absence of the vas deferens; DHT, dihydrotestosterone; DNA,
deoxyribonucleic acid; EDCs, endocrine-disrupting chemicals; ELFA, enzyme-linked fluorescence assay; E2,
estrogen/estradiol; FSH. follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; HADS,
hospital anxiety and depression scale; HPA, hypothalamic-pituitary axis; HPG, hypothalamic-pituitary-
gonadal axis; HPT, hypothalamic-pituitary-testicular axis; LH, luteinizing hormone; LHRH, luteinizing
hormone-releasing hormone; MMP, mitochondrial membrane potential; NP, non-progressive motility; PR,
progressive motility; ROS, reactive oxygen species; RF-EMW, radio frequency electromagnetic waves; SD,
standard deviation; T, testosterone; THC, tetrahydrocannabinol; WHO, World Health Organization.
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Introduction

Infertility affects approximately one in six individuals globally,

with male infertility accounting for nearly half of all cases (1). Male

infertility is mostly linked to abnormal semen parameters and

hormonal dysregulation, and is exacerbated by modifiable

lifestyle and environmental factors (2). Clinically, infertility can

be defined as the inability to become pregnant after 12 months

or more of regular, unprotected sexual intercourse, manifesting

as a failure to procreate (1). The condition is associated with

significant psychological, socio-economic, and medical

consequences, often leading to emotional distress, due to the

inability to conceive.

Globally, infertility affects nearly 15% of couples, representing

an estimated 186 million individuals, with male infertility

contributing to more than half of these cases (2, 3). Notably,

sperm counts in African males decreased by approximately 73%

between 1965 and 2015 (4). Reports from Africa, including

Nigeria, showed an increase in male infertility cases (5, 6).

Despite its significance, male reproductive health remains

understudied and underfunded, with limited diagnostic and

treatment facilities, especially in low-income settings. This neglect

is exacerbated by the lack of male reproductive health policies,

low-cost treatment options, and insurance coverage. Declining

male fertility rates are linked to population decline, a critical

public health concern for current and future generations (7).

Emerging evidence highlights the role of modifiable lifestyle

factors such as smoking, alcohol consumption, and psychological

stress in contributing to male infertility (8). These factors do not

only impair sperm parameters but also induce DNA damage,

increasing the risk of miscarriage and genetic disorders in

offspring (9). Endocrine- disrupting chemicals (EDC), commonly

found in pollutants, disrupt hormonal regulation and adversely

affect spermatogenesis (8). Some studies have shown that these

chemicals contribute to oxidative stress, which compromises

sperm, and DNA integrity. For example, exposure to bisphenol A

(BPA) and phthalates has been linked to reduced sperm motility

and concentration (10). Additionally, psychological stress

influences semen quality by altering hypothalamic-pituitary-gonal

(HPG) axis function, further exacerbating infertility risks (11).

While moderate physical activity has been associated with

improved semen quality, excessive exercise can negatively impact

hormonal regulation and sperm parameters (12). Environmental

pollutants, including heat exposure and radiation, also play a

pivotal role in reducing sperm quality by increasing oxidative

stress and impairing DNA repair mechanism (13). These findings

highlight the intricate interplay between lifestyle, environmental

factors, and male reproductive health.

In spite of growing global awareness, data on male infertility in

Ghana remains sparse and not well established (2). Evidence

suggests that long-term exposure to environmental pollutants,

combined with dietary and lifestyle modifications, significantly

contributes to reduced sperm quality and male infertility

(14, 15). Modifiable lifestyle behaviors, such as smoking, alcohol

abuse, elevated BMI, poor diet, and physical inactivity, have been

implicated in reduced semen quality (16, 17).
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The dysregulation of reproductive hormones, including follicle-

stimulating hormone (FSH), luteinizing hormone (LH), and

testosterone, contributes to the pathogenesis of male infertility

(18). Gonadotropin-releasing hormone (GnRH) signals the

release of LH and FSH, which regulate testicular function (19).

Testosterone aids spermatogenesis and modulates sperm motility,

which estrogen acts as a negative feedback regulator of LH and

FSH (20). Hormonal anomalies impair spermatogenesis and may

be associated with reduced sperm morphology, motility, and

concentration (21).

In sub-Saharan Africa, particularly in Ghana, modifiable

lifestyle factors affecting male infertility remains under-

researched (6). Understanding these factors is essential for

developing preventive strategies and improving reproductive

outcomes (22). This study investigates the relationship between

modifiable lifestyle factors and male reproductive health among

attendees of an IVF clinic in Ghana.
Materials and methods

Study design and participants

This cross-sectional study was conducted at the Family Health

Hospital, Teshie, Ghana. The study recruited 212 male participants

who attended the hospital’s fertility clinic between November 2022

and April 2023. Ethical approval was obtained from the Ethical and

Protocol Review Committee of the University of Ghana (approval

number: CHS-Est/M.4-P.5.3/2022–2023). Inclusion criteria

included males aged 25–55 years attending the IVF clinic, willing

to provide semen and blood samples. Exclusion criteria included

known genetic disorders or chronic illnesses affecting fertility,

recent febrile illnesses (within the last 3 months), history of

vasectomy or other infertility surgeries, use of medications

known to impair fertility such as anabolic steroids, and

significant lifestyle factors such as heavy substance abuse.
Data collection

Data were collected using a structured questionnaire that

included socio-demographic characteristics, lifestyle factors, and

reproductive history. The Hospital Anxiety Depression Scale

(HADS) assessed psychological stress anxiety and depression

(23). Participant anonymity was maintained through de-

identification of data during data collection and analysis.
Data storage

All collected data were anonymized and stored on password-

protected systems. Access was restricted to authorized personnel

only. Physical forms such as consent forms were stored in

locked cabinets in compliance with institutional ethical

standards. Access to sensitive information was restricted to

authorized personnel.
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Questionnaire design
A structured questionnaire that included socio-demographic

characteristics, lifestyle factors, and reproductive history. The

questionnaire was paper-based, divided into five sections:

Demographics
Age, marital status, and education level.

Lifestyle factors
Smoking habits, alcohol and caffeine consumption, use of

alcoholic bitters and physical activity.

Psychological stress
Assessed using the Hospital Anxiety and Depression

Scale (HADS).

Environmental exposures
Occupational heat exposure, mobile phone use (proximity to

reproductive organs), and laptop usage. Data on heat exposure,

mobile phone, and laptop use were collected but could not be

quantified reliably. As such, these factors were excluded from

statistical analysis.

Reproductive history
Previous fertility treatments and outcomes.

The questionnaire was adapted from validated instruments,

including the Austin Fertility and Reproductive Medicine Center

(2015) and Johns Hopkins Bayview Medical Center (2011).

Supplementary document
For transparency and replicability, the study questionnaire has

been made available as a supplementary document upon request.
Anthropometric assessment

Body mass index (BMI) was determined by measuring body

weight (in kilograms) using a digital weighing scale (Kinlee,

China), and height (meters) was measured using a Shanti

Stadiometer (Rohit Enterprise, India). The BMI was calculated as

weight (kg) divided by height squared (m2). Participants were

classified according to WHO BMI categories: underweight

(BMI < 18.5), normal weight (BMI 18.5–24.9), overweight (BMI

25.0–29.9), and obese (BMI≥ 30.0).
Lifestyle assessment questionnaire design

The questionnaire was adapted from validated instruments,

including the Austin Fertility and Reproductive Medicine Center

(2015) and Johns Hopkins Bayview Medical Center (2011). It

comprised sections on participants’ age, smoking habits, alcohol

and caffeine consumption, use of alcoholic bitters, occupational

heat exposure, and mobile phone usage (including proximity to

the reproductive organs) and psychological stress.
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Psychological stress assessment

Psychological stress was evaluated using the “Hospital Anxiety

and Depression Scale (HADS)”. HADS is a validated tool

comprising 14 items, with seven items assessing anxiety and

seven assessing depression. Each item is scored on a 4-point

scale (0–3), with total scores ranging from 0 to 21 for both

anxiety and depression subscales. The overall HADS score was

categorized as follows: 0–7 (non-cases), 8–10 (borderline cases),

and 11–21 (clinical cases).
Semen analysis

Semen samples were analyzed following the WHO 2010

guidelines (24) performed by trained personnel at the Family

Health Hospital laboratory, with additional parameters assessed

for age-specific trends.
Patient instructions for semen analysis

The participants were instructed to maintain an abstinence

period of (2–5) days before sample collection, following

WHO guidelines.

An additional preparation set of instruction such as avoiding

caffeine, smoking, or alcohol before sample collection.
Specific protocols for semen analysis

Progressive motility grading
Protocol
Semen samples were analyzed using light microscopy at 400×

magnification under a phase-contrast microscope pre-warmed

to 37°C.

A calibrated slide with a Neubauer counting chamber was used

to assess motility.

Progressive motility was graded based on the WHO criteria:

Grade A: Rapid and progressive forward movement.

Grade B: Slower or less linear progressive movement.

Grade C: Non-progressive movement.

Grade D: Immotile sperm.
Sperm viability assessment
Protocol
The eosin-nigrosin staining method was used.

A small aliquot of semen was mixed with an equal volume of

eosin-nigrosin stain and smeared on a glass slide.

The slide was air-dried and examined under light microscopy

at 400× magnification.

Viable sperm remained unstained, while non-viable sperm

absorbed the eosin dye.

At least 200 sperm were counted per sample to calculate the

percentage viability.
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Sperm morphology assessment
Protocol

Morphology was evaluated using Papanicolaou staining (or

Diff-Quik staining as an alternative).

Smears of semen samples were prepared, fixed, and stained

according to standardized protocols.

Sperm morphology was assessed under light microscopy at

1,000× magnification using oil immersion.

Kruger’s strict criteria were applied to classify sperm as normal

or abnormal based on head shape, mid-piece, and tail structure.

Personnel and inter-observer variability
Semen analysis personnel
All analyses were conducted by trained laboratory technologists

with expertise in andrology.

Personnel underwent calibration training to ensure proficiency

in manual and automated semen analysis methods.

Control of inter-observer variability
A standardized protocol was followed to minimize variability, and

all staff were blinded to participant identifiers during analysis.

Randomized duplicate samples were re-analyzed by a second

technologist, and discrepancies greater than 5% were resolved by

a senior analyst.
Hormonal assay

Fasting blood samples for hormonal assays were collected in

the morning between 7:00 and 9:00 A.M. and analyzed using the

Mini Vidas multi-parametric immunoassay analyzer (Biomerieux

Diagnostics, France). This system, based on the enzyme-linked

fluorescent assay (ELFA) method, was selected for its cost-

effectiveness and accessibility in low-resource settings as a

reliable alternative to mass spectrometry, the gold standard for

hormonal analysis (25). Validation studies, including Hammoud

et al. (2008), have demonstrated the Mini-Vidas system’s

sensitivity (>85%) and specificity (87%) compared to mass

spectrometry. To ensure robustness, quality controls and

calibration protocols were employed during the hormonal assays.

While ELFA provides reliable results for clinical research, its

lower accuracy in detecting subtle hormonal variations could

influence findings related to borderline imbalances. However,

within the context of the study, ELFA’s reliability is sufficient to

meet its objectives.
Sample size rationale and confounders

The sample size of 212 was determined based on prior studies,

assessing semen quality in similar populations. The 212 participants

represent approximately 60% of all males attending the clinic

during the study period, selected through convenience sampling.

This approach ensures representation of common clinic

demographics but may introduce selection bias. A 10% margin was
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added to account for potential dropouts. Confounding variables,

such as age and pre-existing medical conditions (genetic disorders,

chronic illnesses and diseases known to affect fertility) were

accounted for in the analysis.
Statistical analysis

Data were analyzed using SPSS (v26.0). Confidence intervals 95%

were calculated for all findings. Descriptive statistics summarized

baseline characteristics. Correlations between lifestyle factors, HADS

scores, and semen parameters were analyzed using multivariate

regression models. Pearson’s product-moment correlation was

employed to assess relationships between lifestyle factors, semen

parameters, and hormonal levels. To control for multiple

comparisons, the Bonferroni correction was applied, with a family-

wise error rate set at α = 0.05 (26). While Bonferroni correction

effectively controls for Type I error, its conservatism risks Type II

errors, particularly in exploratory analyses. Future studies could

benefit from using FDR to balance sensitivity and specificity. Future

analyses could employ regression models to adjust for potential

confounders such as age and BMI, providing deeper insights into

these relationships.
Results

A total of 212 male participants attending the Family Health

Hospital fertility center in Teshie, Ghana, were included in the

study. The mean age of participants was (40.7 ± 5.7) years, and

the mean BMI was (31.6 ± 4.7) kg/m2, indicating that many

participants were overweight or obese (Figure 1). Nearly 60%

of participants consumed alcohol, and 15% were current

smokers. About 18.4% reported consumption of alcoholic

bitters and 70.8% consumed caffeinated drinks while 3.3%

smoked marijuana. The psychological stress levels, assessed

using the Hospital Anxiety and Depression Scale (HADS),

recorded a mean score of 12.74 (range: 5–15) (Figure 1).
Semen parameters

Sperm concentration and motility were significantly lower in

smokers compared to non-smokers (p = 0.010). Caffeine

consumption was positively correlated with sperm motility

(r = 0.399, p < 0.01) (Figure 2). While alcohol consumption showed

a marginal association with reduced sperm concentration

(p = 0.054), it does not meet the threshold for statistical significance

(p < 0.05). This finding suggests a trend rather than a definitive

conclusion, warranting further investigation with larger sample sizes.
Hormonal levels

Mean testosterone concentration was (3.21 ± 1.60) ng/ml, with

luteinizing hormone (LH) and follicle-stimulating hormone (FSH)
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FIGURE 1

A bar graph showing the descriptive statistics of Demographics and Lifestyle distributions among study participants. With 95% confidence intervals.

FIGURE 2

A bar graph showing the descriptive statistics of Male Reproductive Hormone Levels and Semen Parameters Among Study Participants.
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levels averaging (7.31 ± 6.06) mIU/ml and (7.85 ± 4.43) mIU/ml,

respectively. Elevated BMI was inversely associated with

testosterone levels (r =−0.424, p < 0.05).
Lifestyle factors and semen parameters

Among the participants, 3.3% smoked marijuana. However, its

impact on semen parameters, such as sperm motility, viability, or

concentration, remains unexplored in the data. Smoking and

psychological stress were significantly associated with reduced
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sperm motility, viability, and concentration (p < 0.05) (27).

Elevated BMI negatively correlated with sperm concentration and

testosterone levels (p < 0.05), while caffeine consumption

positively influenced sperm motility. Elevated BMI negatively

correlated with sperm morphology and concentration, while

testosterone levels were inversely associated with laptop use on

laps (p < 0.01) (28).

Vigorous physical exercise showed mixed effects, with

moderate activity correlating with improved semen quality.

A negative correlation was observed between age and

progressive sperm motility (r =−0.379, p < 0.01) and sperm
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TABLE 1 Lifestyle and environmental factors correlated with semen parameters.

Lifestyle Factors Volume (ml) Progressive motility (%) Sperm viability (%) Concentration (×10⁶/ml)
Alcohol consumption 0.313a −0.087 −0.166b −0.149b

Caffeinated drinks −0.295a 0.399a 0.207a 0.223a

Smoking 0.136b −0.317a −0.450a −0.084

aCorrelation is significant at the p < 0.01 level (2-tailed). bCorrelation is significant at the 0.05 level (2-tailed). Cor. Coeff. r, correlation coefficient; PR, progressive motility; NP, non progressive

motility; Conc., sperm concentration.
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morphology (r =−0.231, p = 0.001). However, a positive

association was found between age and sperm non-progressive

motility (r = 0.367, p = 0.000) and immotility (r = 0.225, p = 0.001).

The BMI also demonstrated significant correlations with semen

parameters. A negative correlation was observed between BMI and

sperm motility (progressive: r =−0.274, p = 0.000; non-progressive:

r =−0.185, p = 0.009) as well as morphology (r =−0.403,
p = 0.004). Conversely, BMI positively correlated with semen

volume (r = 0.216, p = 0.002) and sperm viability (r = 0.207,

p = 0.003).

Alcohol consumption was weakly negatively correlated with

sperm concentration but positively associated with semen volume

(r = 0.313, p = 0.000). Alcoholic bitters consumption significantly

reduced progressive motility (r =−0.685, p = 0.000) and sperm

morphology (r =−0.585, p = 0.000). Caffeine intake showed a

moderate positive correlation with sperm viability (r = 0.207,

p = 0.003) and sperm concentration (r = 0.223, p = 0.001) but

negatively correlated with non-progressive motility (r =−0.437,
p = 0.000) and immotile sperm (r =−0.219, p = 0.002) ((Table 1).

Cigarette smoking had a moderate positive association with

immotile sperm (r = 0.451, p = 0.000) and a negative association

with progressive motility (r =−0.317, p = 0.000) and sperm

viability (r =−0.450, p = 0.000). Psychological stress, as assessed

by HADS, negatively correlated with progressive motility

(r =−0.269, p = 0.000) and sperm concentration (r =−0.273,
p = 0.001), while positively correlating with immotile sperm

(r = 0.285, p = 0.000).
Correlations with hormonal levels

A significant positive correlation was observed between age and

FSH (r = 0.365, p = 0.000) and estradiol (r = 0.361, p = 0.000)

(Table 2) BMI was positively correlated with LH (r = 0.044,
TABLE 2 Correlation between lifestyle, environmental factors, and
reproductive hormones.

Lifestyle factors LH FSH Testosterone Estradiol
Age of starting fatherhood −0.044 0.365a −0.045 0.361a

Body mass index 0.266a 0.078 0.338a 0.271a

Alcohol 0.013 0.143b 0.025 0.159b

Alcoholic bitters 0.026 0.162b 0.427a −0.012
Caffeinated drinks −0.557a −0.443a −0.019 −0.209a

Cigarette smoking 0.001 0.246a −0.072 0.099

Psychological stress
(HADS)

0.289a 0.349a 0.284a 0.280a

aCorrelation is significant at the P < 0.01 level (2-tailed). bCorrelation is significant at the

P < 0.05 level (2-tailed). Cor. Coeff, r, correlation coefficient; LH, luteinizing hormone;

FSH, follicle stimulating hormone.
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p = 0.527), testosterone (r = 0.365, p = 0.000), and estradiol

(r = 0.361, p = 0.000). Alcohol consumption exhibited a positive

association with FSH (r = 0.143, p = 0.038) and estradiol

(r = 0.159, p = 0.021), while caffeine consumption showed strong

negative correlations with LH, FSH, and estradiol (p < 0.001).

Cigarette smoking significantly correlated with FSH (p < 0.05),

while laptop use on the lap showed a negative correlation with

testosterone and LH (p < 0.05).
HADS and semen parameters
The HADS scores highlight moderate levels of anxiety and

depression, negatively correlating with sperm quality. Table 3

shows the correlation between HADS scores and semen

parameters. Higher anxiety and depression scores were associated

with reduced sperm motility and concentration (p < 0.05).

Participants aged 40 years and above exhibited significantly

higher HADS scores, correlating with poorer semen quality.
Discussion

The study confirms the significant impact of modifiable

lifestyle factors on male reproductive health. Smoking and

psychological stress were strongly associated with reduced sperm

motility and concentration (2). Elevated BMI negatively

correlated with sperm morphology consistent with global trends

linking obesity to male infertility (29).

The inverse relationship between BMI and sperm

concentration is consistent with evidence suggesting adiposity-

induced testosterone reduction and increased estradiol levels, which

disrupt spermatogenesis (30). Addressing obesity through lifestyle

interventions could significantly enhance fertility outcomes. This

makes it imperative for urgent need for public health initiatives to

address obesity and its effects on reproductive health. Obesity

significantly modulates genetic and epigenetic factors, disrupting

sperm morphology and function. Recent studies show that obesity-

induced hormonal imbalances alter testosterone and estradiol levels,

impairing spermatogenesis (31). Adipose tissue acts as an endocrine
TABLE 3 HADS and semen parameters.

HADS score Progressive
motility (%)

Sperm
viability

(%)

Sperm
concentration
(million/Ml)

Low (0–7) 58.3 ± 12.4 76.2 ± 9.3 32.1 ± 8.5

Moderate (8–10) 44.7 ± 14.6 62.8 ± 12.7 24.3 ± 6.1

High (11–21) 36.5 ± 18.2 51.3 ± 15.8 18.7 ± 5.2
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organ, increasing aromatase activity and converting testosterone into

estradiol, thus reducing androgen levels necessary for sperm

production. Chronic inflammation associated with obesity elevates

pro-inflammatory cytokines like TNF-alpha and IL-6, exacerbating

oxidative stress and DNA damage in sperm cells. Elevated scrotal

temperatures from excessive adiposity further impair

spermatogenesis and sperm motility. Weight reduction through

lifestyle interventions, including dietary changes and moderate

physical activity, has been shown to improve hormonal profiles and

semen quality. These findings underscore the need for incorporating

weight management into fertility treatment protocols.

Caffeine’s role in oxidative stress is well-documented. Excessive

consumption increases reactive oxygen species (ROS), leading to

sperm DNA fragmentation (32). Recent studies suggest caffeine

consumption exhibits a dose-dependent effect on sperm quality.

Moderate intake has been associated with improved motility,

potentially due to enhanced mitochondrial function. However,

excessive caffeine intake may lead to increased reactive oxygen

species (ROS), inducing oxidative stress and DNA fragmentation.

Ricci et al. reported risks of chromosomal abnormalities and pre-

zygotic DNA damage linked to caffeine overconsumption (33).

These findings document the need for individualized

recommendations on caffeine intake in fertility treatments.

Similarly, smokers also showed elevated BPDE-DNA adducts,

which impair DNA repair pathway, further exacerbating

infertility risk.

Lifestyle interventions, including moderate exercise, stress

management, and dietary antioxidants, is key to improving semen

quality. Personalized care approaches tailored to individual risk

factors, such as antioxidant therapy and hormonal modulation,

are critical for optimizing reproductive health outcomes.
Socio-demographic, anthropometric
characteristics, and lifestyle of participants

All participants were married or in committed relationships,

with a mean age of (40.7 ± 5.7) years, suggesting that they sought

medical help for infertility at an advanced age. Table 4 shows

specific age group and semen parameters in that, Increased age

showed decreased semen parameters. This supports findings by

Sharma et al., which showed that male fertility declines with age,

emphasizing the importance of considering age in family planning

(15). The average BMI indicated obesity among participants,

possibly due to the economic status associated with affording

expensive treatments such as in vitro fertilization (IVF) (27).

More than half of the participants consumed alcohol and

caffeinated beverages. Additionally, the hospital anxiety and

depression scale (HADS) revealed that participants were already
TABLE 4 Age-specific semen parameters.

Age group Progressive motility (%) Sperm viabil
25–34 years 58.3 ± 12.4 76.2 ± 9.3

35–44 years 44.7 ± 14.6 62.8 ± 12.7

45–54 years 36.5 ± 18.2 51.3 ± 15.8
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stressed, possibly due to the pressure of infertility at an older age,

social stigma, and low self-esteem (28).
Relationship between socio-demographics,
lifestyle activities, and semen parameters

This study found that advancing paternal age negatively

impacts sperm progressive motility, viability, and morphology,

while increasing the number of non-progressive and immotile

spermatozoa. These results are consistent with Dunson et al.,

who reported a decline in semen quality characteristics as

paternal age exceeds 35 years (34). Pino et al. also reported

increased sperm DNA damage and decreased viability in men

over 40 years of age (35).

A higher BMI was associated with increased semen volume and

immotile spermatozoa, but reduced sperm viability, progressive

motility, morphology, and concentration, as similarly observed by

Sallmen et al. who found that a three-unit increase in BMI

decreased male fertility (36). Alcohol consumption, though not

statistically significant for most semen parameters, showed a

moderate positive association with semen volume and a weak

negative association with sperm concentration. The absence of a

substantial impact of alcohol on sperm quality is consistent with

findings by Muthusami and Chinnaswamy, which found no

significant differences in semen parameters between alcoholics

and non-alcoholics (37).

Alcoholic bitters had a detrimental effect on progressive

motility, morphology, and viability, but improved semen volume.

Caffeinated beverage consumption showed a beneficial

relationship with progressive motility, morphology, and

concentration but had a negative correlation with non-

progressive motility and immotile sperm. These results align with

Marshburn et al., who reported improved sperm motility with

increased coffee consumption (38). However, Ricci et al.

suggested caffeine could reduce male fertility through sperm

aneuploidy and DNA damage, though the data remains

inconsistent (33).

Cigarette smoking showed a strong negative correlation with

sperm progression, viability, and morphology, while having a

positive relationship with non-progressive and immotile

spermatozoa. These findings is consistent with earlier studies

(2, 39) demonstrating smoking’s negative impact on semen

parameters. While the impact of marijuana on semen

parameters was not explored directly in this study, existing

evidence indicates that cannabis use adversely affects sperm

quality. Studies have shown that moderate to heavy marijuana

use is associated with reduced sperm motility, concentration,

and abnormal morphology. For instance, Gundersen et al.
ity (%) Morphology (%) Concentration (x10⁶/ml)
15.3 ± 5.1 32.1 ± 8.5

13.2 ± 4.8 24.3 ± 6.1

11.5 ± 4.2 18.7 ± 5.2
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found that marijuana use more than once per week was linked to

a 29% reduction in sperm concentration in a cohort of young

Danish men (40). Similarly, a study by Barazani et al.

concluded that tetrahydrocannabinol (THC), the

primary psychoactive compound in cannabis, negatively

affects the hypothalamic-pituitary-gonadal axis, impairing

spermatogenesis and resulting in decreased sperm count and

motility (41). Furthermore, Kolodny et al. provided early

evidence that chronic cannabis use is associated with

abnormalities in sperm morphology and overall male

fertility (42).

Psychological stress showed a significant negative correlation

with sperm progressive motility, morphology, viability, and

concentration. Bhongade et al. also found that stress decreases

testosterone levels, leading to reduced sperm count, motility, and

normal morphology (31).
Relationship between socio-demographics,
lifestyle activities, and reproductive
hormones

Age was positively correlated with FSH and estradiol, but

showed no significant relationship with LH and testosterone,

unlike previous report by Gunes et al., observed declines in

testicular function and testosterone levels in aging men (43).

The BMI positively correlated with LH, testosterone, and

estradiol, but showed no significant relationship with FSH.

MacDonald et al. similarly reported a relationship between

BMI and testosterone (44), and Hakonsen et al. found

increased BMI was associated with decreased testosterone and

increased estradiol (45).

Alcohol consumption showed a positive relationship with

FSH and testosterone, but no significant association with LH

and estrogen. This contradicts earlier studies that linked

alcohol to decreased LH and FSH (46), though it could be due

to the moderate alcohol consumption in this cohort. Alcoholic

bitters consumption was positively associated with testosterone

but had a weak relationship with LH, FSH, and estrogen.

Caffeine consumption negatively correlated with LH, FSH, and

estrogen but had no significant impact on testosterone. Oluwole

et al. found similar results in rats, where caffeine decreased LH

and FSH but did not significantly alter testosterone (47). The

inhibitory effect of caffeine on the aromatase enzyme may explain

the unchanged testosterone levels.
Relationship between modifiable lifestyles
and reproductive hormones

Psychological stress positively correlated with LH, FSH,

testosterone, and estrogen, possibly due to stress-induced

hormone release through the hypothalamic-pituitary-adrenal axis.

Bhongade et al. similarly found elevated FSH and LH in men

under psychological stress, though stress also leads to Leydig cell

apoptosis and reduced testosterone levels (31).
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In summary, the study highlights the significant impact of

lifestyle factors on male reproductive health. Psychological stress,

environmental pollutants and endocrine-disrupting chemicals

emerged as key contributors to declining semen quality. Sperm

DNA damage, exacerbated by smoking and caffeine, has

profound implications for ART outcomes.

Recent evidence supports personalized care approaches,

incorporating lifestyle modifications, psychological support, and

antioxidant therapies. These therapies, such as Coenzyme Q10,

selenium, and zinc supplementation, have shown efficacy in

reducing oxidative stress and improving sperm parameters. Majzoub

& Agarwal (2018) demonstrated significant improvements in

motility and DNA integrity with these interventions (48).

Personalized care models integrating stress management, dietary

adjustments, and targeted antioxidant therapies offer promising

avenues for enhancing fertility outcomes.These interventions can

enhance semen parameters and improve ART success rates.
Conclusions

This study highlights the significant impact of modifiable

lifestyle factors, including smoking, psychological stress, and

elevated BMI, on male reproductive health. Public health

initiatives should focus on promoting healthier lifestyles and

mitigating environmental risks to improve fertility outcomes.

Specifically, increasing age was identified as a poor predictor of

sperm quality in fertility management, emphasizing the need for

awareness among Ghanaian men regarding the importance of

fatherhood prior to the age of 40 years. In contrast, alcohol

consumption did not show a significant association with sperm

quality, while caffeine intake was linked to improved progressive

motility, morphology, and sperm concentration.

Elevated psychological stress was associated with changes in

hormone levels, some of which negatively affected semen quality.

These findings highlight the critical impact of modifiable

lifestyle factors such as smoking, psychological stress, and

elevated BMI on male reproductive health. To address this issue:

• Governments and policymakers should prioritize public health

initiatives that promote healthy lifestyle behaviors, reduce

environmental risks, and improve mental health support.

• Reproductive health education should be integrated into

sustainable development goals (SDGs) to mitigate the long-

term societal impact of declining male fertility.

• Personalized care strategies focusing on antioxidant therapies

and stress management should be incorporated into clinical

practice to optimize fertility outcomes.
Strengths and limitations

Strengths
• First comprehensive analysis of lifestyle factors and reproductive

health in Ghana.
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Limitations
• Cross-sectional design limits causal inferences.

• Small sample size may affect generalizability.

• ELFA-based hormonal assays may lack the precision of

mass spectrometry.

• This study was unable to include variables such as heat

exposure, mobile phone, and laptop use due to the lack of

quantitative metrics, limiting the comparability and statistical

analysis of their impact on semen parameters.

Implications for public health
Findings from this study highlight the importance of addressing

modifiable lifestyle factors to improve male reproductive health.

Considering the increased incidence of male infertility and the high

costs associated with assisted reproductive technologies, public

health interventions should focus on promoting healthier lifestyles

and reducing exposure to environmental risks. Education on the

detrimental effects of smoking, excessive alcohol consumption, and

stress management could significantly enhance fertility outcomes.

Furthermore, the role of electronic devices (lab top and mobile

phones) in male infertility requires further investigation to clarify

conflicting findings.

Future research directions
Further longitudinal studies with detailed exposure metrics to

provide more robust insights into the impact of lifestyle factors

on male reproductive healthcare needed to explore the long-term

effects of lifestyle and environmental exposures on male fertility,

particularly in under-researched regions like sub-Saharan Africa.

Future research should investigate the molecular mechanisms

underlying BMI’s impact on testosterone levels and sperm

concentration, using interventions like antioxidant therapies and

hormonal modulation.
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