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Objective: Obstructive sleep apnea hypopnea syndrome (OSAHS) is a common

sleep disorder known to affect systemic physiology. Emerging evidence suggests

a potential relationship between OSA and male reproductive health, but this

association remains insufficiently characterized. This study aims to explore the

link between OSA, semen quality, and sex hormone profiles in reproductive-

aged men.

Method: A total of 108 newly diagnosed OSA patients aged 20–40 years, who

underwent full-night polysomnography (PSG) at the Respiratory Sleep Center of

the Second Affiliated Hospital of Anhui Medical University between 2022 and

2024, were included. The control group consisted of 84 healthy adult males

undergoing fertility evaluations during the same period at the same hospital. All

participants completed physical examinations, semen analysis, and sex hormone

testing. OSA severity was classified based on the apnea–hypopnea index (AHI)

obtained from PSG in the patient group.

Results: Compared with controls, men with OSA had significantly higher body

weight and BMI, as well as lower sperm concentration (90.0 vs. 129.3 ×106ml),

total motility (68.6% vs. 71.0%), progressive motility (63.8% vs. 66.6%), and

testosterone levels (13.1 vs. 21.8 nmol/L) (all p < 0.01). Stratified analyses

showed a stepwise decline in semen parameters and oxygen saturation with

increasing OSA severity. In multivariable analysis, AHI was independently

associated with reduced sperm concentration (b = –0.393), total motility (b =

–0.640), and progressive motility (b = –0.623) (all p < 0.001).

Conclusion: OSA is independently associated with impaired semen quality and

lower testosterone levels in reproductive-aged men. These findings highlight the

potential reproductive consequences of untreated OSA and underscore the

importance of early screening and intervention.
KEYWORDS

obstructive sleep apnea, reproductive health, semen parameters, sex
hormones, testosterone
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Introduction

In recent decades, the average sleep duration of the global

population has declined significantly, largely due to increasing work

demands and greater participation in diverse leisure activities (1, 2).

Among various causes of sleep disruption, obstructive sleep apnea

hypopnea syndrome (OSAHS) is one of the most prevalent and

clinically significant. It is characterized by recurrent episodes of

partial or complete upper airway collapse during sleep, leading to

intermittent hypoxia (IH), sleep fragmentation (SF), and

hypercapnia, which together can contribute to multi-organ and

systemic dysfunction (3, 4). Obstructive sleep apnea (OSA) is the

most common form of sleep-disordered breathing in adults.

OSA is now widely recognized as a global public health concern,

affecting approximately 1 billion individuals aged 30–69 years

worldwide (5). It is associated with a range of adverse health

outcomes, including hypertension, cardiovascular diseases (e.g.,

myocardial infarction, stroke), arrhythmias, type 2 diabetes,

metabolic syndrome, daytime somnolence, cognitive dysfunction,

and mood disorders (6). The prevalence of OSA is significantly

higher in men compared to women, and studies have suggested

associations between OSA and obesity, hormonal dysregulation,

sexual dysfunction, and impaired reproductive function (7, 8).

Accumulating epidemiologic and clinical evidence has

demonstrated a strong relationship between OSA and ED. ED in

OSA patients is a multifactorial condition influenced by

intermit tent hypoxia , endothe l ia l dysfunct ion, s leep

fragmentation, hormonal imbalance, and comorbid metabolic

disorders (9). These factors collectively impair vascular and

neurological function, leading to sexual dysfunction and reduced

quality of life (10). It is important to note that ED and male

infertility are distinct clinical entities; while they may share

common underlying mechanisms such as testosterone deficiency

or oxidative stress (11, 12), not all individuals with ED exhibit

impaired spermatogenesis, and vice versa. Therefore, this study

focuses specifically on the relationship between OSA and male

reproductive function, with an emphasis on semen quality and

hormone profiles. In parallel, male reproductive function has shown

a marked decline globally, with studies reporting significant

reductions in both semen quality and sperm concentration over

the past 50 years (13–16). A recent meta-analysis estimates that

male fertility has declined by 40–60% in this time frame (17–19).

Sleep disorders—including OSA and chronic sleep deprivation—

have been increasingly implicated in this trend, potentially through

hormonal alterations, oxidative stress, and disrupted testicular

microenvironments (20).

Randomized controlled trials and observational studies have

linked OSA to reduced semen quality and impaired sexual function

(7, 8), while animal studies have shown that chronic intermittent

hypoxia, mimicking the pathophysiology of OSA, can lead to

testicular damage and impaired spermatogenesis (19). Despite

these findings, clinical evidence directly examining the association

between OSA and male reproductive function remains limited,

particularly in young men of reproductive age. Based on previous

evidence linking sleep-disordered breathing with reproductive and
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endocrine dysfunction, we hypothesized that (1) men with OSA

would exhibit altered semen quality and sex hormone levels

compared to healthy controls, and (2) these reproductive

parameters would deteriorate progressively with increasing OSA

severity. Therefore, the aim of the present study was to investigate

the relationship between OSA, semen quality, and sex hormone

levels, and to perform a stratified analysis based on OSA severity, in

order to provide clinical insight into the potential reproductive

consequences of OSA.
Materials and methods

Subjects

This cross-sectional study included outpatients with a

preliminary diagnosis of OSA who visited the Respiratory Sleep

Centers of the First and Second Affiliated Hospitals of Anhui

Medical University between 2023 and 2025. All participants were

initially screened using the STOP-Bang questionnaire, and the

diagnosis of OSA was subsequently confirmed via full-night

polysomnography (PSG).

Eligible participants were male adults aged 20–40 years. The

control group consisted of healthy men of similar age who

presented for fertility evaluations at the Physical Examination

Center or Reproductive Medicine Center of the Second Affiliated

Hospital during the same period. General information was

collected, including demographic characteristics (age, height,

weight) and vital signs such as heart rate, respiratory rate, and

blood pressure.

Individuals were excluded if they had any severe or

decompensated systemic disease that could affect sleep or

reproductive function, such as chronic obstructive pulmonary

disease, asthma, interstitial lung disease, neuromuscular disorders,

heart failure, thyroid dysfunction, diabetes mellitus, rheumatologic

diseases, or psychiatric conditions. Participants were also excluded

if they were taking psychotropic drugs, hormonal therapies, or other

medications affecting sleep or reproductive hormones, or if they had

occupational or lifestyle factors that led to chronic sleep deprivation

or reversed sleep–wake cycles (e.g., shift workers, frequent night

duty personnel). In addition, individuals with known andrological

conditions such as varicocele, cryptorchidism, orchitis, or a history

of testicular trauma or surgery were excluded.
Semen analysis

Semen samples were collected on-site in a dedicated private

room at the Andrology Laboratory of the Reproductive Center,

following 2–7 days of ejaculatory abstinence, as recommended by

the WHO Laboratory Manual for the Examination and Processing

of Human Semen, 6th Edition (2021). All participants were

instructed to provide the sample via masturbation directly into a

sterile container. Samples were analyzed within 60 minutes of

collection at 37°C. Semen analysis was performed using a fully
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automated Sperm Quality Analyzer, version V (SQA-V; Medical

Electronic Systems, Israel) by two experienced laboratory

technicians blinded to clinical data. Parameters assessed included:

semen volume, sperm concentration, total motility (progressive +

non-progressive), progressive motility (PR), and sperm

morphology. Morphology was evaluated using strict criteria under

phase-contrast microscopy. Based on WHO criteria, PR < 35% was

defined as asthenozoospermia (21). Subjects with known

confounding urogenital conditions—including varicocele,

cryptorchidism, orchitis, genital tract infection, or history of

testicular surgery/trauma—were excluded at enrollment.
Sleep monitoring

Full-night PSG was used for sleep monitoring and diagnostic

confirmation of OSA. All examinations were performed in

accordance with the International Classification of Sleep

Disorders, Third Edition (ICSD-3) guidelines (22) Nocturnal

monitoring lasted for at least 7 hours, and the PSG recordings

were jointly interpreted by two experienced respiratory physicians

on the following day. According to standard definitions, apnea was

defined as a ≥90% reduction in airflow lasting ≥10 seconds, while

hypopnea was defined as a ≥50% reduction in airflow lasting ≥10

seconds accompanied by at least a 3% drop in oxygen saturation.

The severity of OSA was classified based on the apnea–hypopnea

index (AHI), which reflects the number of apnea and hypopnea

events per hour of sleep. Specifically, OSA was categorized as mild

(AHI 5–15), moderate (AHI 15–30), or severe (AHI >30), while

AHI <5 was considered normal. During PSG, both the mean pulse

oxygen saturation (MSpO2) and lowest pulse oxygen saturation

(LSpO2) were also recorded as indicators of nocturnal hypoxemia.
Sex hormone measurement

Early in the morning of the day following the PSG test, about 2

ml of peripheral blood is obtained and analyzed in the Laboratory

using an automated hematology analyzer. The sex hormone

parameters measured include: follicle stimulating hormone (FSH);
Frontiers in Endocrinology 03
luteinizing hormone (LH); estradiol (E2); progesterone (P);

testosterone (T); prolactin (PRL).
Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics

for Windows, version 24.0 (IBM Corp., Armonk, NY, USA) and

GraphPad Prism 7.0 (GraphPad Software, San Diego, CA, USA). The

normality of continuous variables was assessed using the Shapiro–

Wilk test. As most variables were not normally distributed, non-

parametric methods were applied. Continuous variables are

presented as medians with interquartile ranges (IQR), and

categorical variables are expressed as counts and percentages.

Group comparisons between the OSA and control groups were

performed using the Mann–Whitney U test for continuous

variables and the chi-square test for categorical variables. For

comparisons among different OSA severity groups, the Kruskal–

Wallis H test was used. Correlation analyses between the AHI and

reproductive parameters were performed using Spearman’s rank

correlation coefficient. To further assess the independent

association between AHI and semen quality, multivariable linear

regression analyses were conducted, adjusting for potential

confounding variables including age, body weight, body mass index

(BMI), smoking status, alcohol consumption, T, and E2 levels. A two-

tailed p-value < 0.05 was considered statistically significant.

Results

Demographic characteristics

A total of 108 patients diagnosed with OSA and 84 healthy adult

males were included in this study. Participants in the OSA group were

identified based on full-night PSG, while controls were recruited from

individuals undergoing routine health or fertility examinations. As

shown in Table 1, the median age was 28.50 years (IQR: 25.75–31.25)

in the OSA group and 28.00 years (IQR: 25.62–30.38) in the control

group, with no significant difference between the two groups

(p = 0.223). Similarly, height did not differ significantly between

groups (p = 0.741). However, the OSA group had significantly higher

body weight (75.60 [IQR 71.14–80.06] kg vs. 67.70 [IQR 61.71–73.69,

p < 0.001) and BMI (25.15 kg/m² [IQR: 23.16–27.13] vs. 24.30 kg/m²

[IQR: 22.20–26.40], p < 0.001) compared with controls. Regarding

lifestyle factors, the proportion of current smokers was 44.4% in the

OSA group and 50.0% in the control group (p = 0.444), while alcohol

consumption was reported by 41.7% and 42.8% of participants in the

OSA and control groups, respectively (p = 0.868). None of the

differences in smoking or alcohol use reached statistical significance.
Comparison of semen parameters and sex
hormones

Semen parameters and sex hormone levels were compared

between the OSA and control groups, as presented in Table 2. The
TABLE 1 Demographic characteristics of the participants.

Demographic
characteristics

OSA (n=108)
Control
(n=84)

P

Age (years) 28.50 (25.75–31.25) 28.00 (25.62–30.38) 0.223

Height 1.73 (1.67-1.79) 1.71 (1.68-1.75) 0.741

Weight 75.60 (71.14–80.06) 67.70 (61.71–73.69) <0.001

BMI (kg/m2) 25.15 (23.16–27.13) 24.30 (22.20–26.40) <0.001

Personal history

Smoking, n (%) 48(44.4%) 42(50%) 0.444

Alcohol use, n (%) 45(41.7%) 36(42.8%) 0.868
Values are presented as median (IQR) or number (%). OSA, obstructive sleep apnea; BMI,
body mass index.
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median semen volume was slightly higher in the OSA group (2.50 ml

[IQR: 1.68–3.33]) compared with the control group (2.00 ml [IQR:

1.75–2.25]), but the difference was not statistically significant (p =

0.060). In contrast, the sperm concentration was significantly lower in

the OSA group (90.00 ×106ml [IQR: 43.31–136.69]) than in controls

(129.25 ×106ml [IQR: 103.03–155.47], p < 0.001). Similarly, both total

motility (68.60% [IQR: 43.07–94.12] vs. 71.00% [IQR: 58.19–83.81],

p = 0.011) and progressive motility (PR) (63.75% [IQR: 40.38–87.12]

vs. 66.60% [IQR: 54.33–78.86], p = 0.007) were significantly lower in

the OSA group.

Regarding sex hormone levels, T was markedly lower in the

OSA group (13.06 nmol/L [IQR: 11.08–15.04]) compared with the

control group (21.84 nmol/L [IQR: 18.82–24.86], p < 0.001).

Although the median levels of LH and FSH were also lower in

the OSA group, the differences were less pronounced (LH: 3.72

mIU/ml [IQR: 2.71–4.73] vs. 4.27 mIU/ml [IQR: 3.05–5.49], p =

0.007; FSH: 3.97 mIU/ml [IQR: 3.04–4.91] vs. 4.76 mIU/ml [IQR:

3.27–6.25], p = 0.031). The differences in PRL, E2, and P levels

between the two groups were not statistically significant (all

p > 0.05).
Stratified analysis by OSA severity

Patients with OSA were stratified into mild, moderate, and

severe subgroups based on their AHI. As shown in Table 3, there

were no statistically significant differences in age, height, weight, or

BMI among the three subgroups (all p > 0.05). As expected, AHI

increased progressively across the groups, with median values of

11.00 (IQR: 10.00-12.00), 17.00 (IQR: 15.5-18.5), and 33.00 (IQR:

27.50–38.50) for the mild, moderate, and severe groups,

respectively. Oxygen saturation parameters declined with

increasing OSA severity. The MSpO2 and LSpO2 were

significantly lower in the severe group (83.50% [IQR: 82.62–
Frontiers in Endocrinology 04
84.38] and 73.50% [IQR: 72.00–75.00], respectively) than in the

mild group (91.00% [IQR: 89.00–93.00] and 82.00% [IQR: 79.00–

85.00], p < 0.001 for both).

In terms of reproductive function, sperm concentration

decreased significantly with increasing OSA severity, from 118.15

×106ml (IQR: 77.40–158.90) in the mild group to 29.50 ×106ml

(IQR: 2.5–66.22) in the severe group (p < 0.001). Similarly, total

motility and progressive motility (PR) were substantially reduced in

the severe group (23.50% [IQR: 9.04–37.97] and 22.65% [IQR: 8.17–

37.12], respectively) compared to the mild group (74.35% [IQR:

62.40–86.30] and 71.35% [IQR: 59.25–83.45], p < 0.001 for both).

There were no statistically significant differences in sex hormone

levels (LH, FSH, T, PRL, E2, or P) among the OSA subgroups (all

p gt; 0.05), although testosterone showed a non-significant

decreasing trend.

Figure 1 illustrates the distribution of key reproductive and

metabolic parameters across OSA severity categories. As OSA

severity increased, the prevalence of obesity (BMI ≥ 24 kg/m²)

rose markedly (Figure 1A). A similar trend was observed for

reduced total motility (<40%) and progressive motility (<35%),

which were more common in patients with moderate-to-severe

OSA (Figures 1B, D). In addition, the proportion of individuals with

testosterone deficiency (T < 14 nmol/L) increased with OSA severity

(Figure 1C), further supporting the potential reproductive impact

of OSA.
Correlation between AHI and reproductive
parameters

The associations between AHI and key reproductive parameters

were evaluated using Spearman rank correlation (Figure 2). AHI

showed significant negative correlations with sperm concentration

(r = –0.430, p < 0.001), total motility (PR + NP) (r = –0.642, p <
TABLE 2 Comparison of semen parameters and sex hormones with two group.

Demographic characteristics OSA (n=108) Control (n=84) P

Semen parameters

Semen volume (ml) 2.50 (1.68–3.33) 2.00 (1.75–2.25) 0.060

Sperm concentration (106/ml) 90.00 (43.31–136.69) 129.25 (103.03–155.47) <0.001

Total motility (PR+NP) (%) 68.60 (43.07–94.12) 71.00 (58.19–83.81) 0.011

PR (%) 63.75 (40.38–87.12) 66.60 (54.33–78.86) 0.007

Sex hormone parameters

LH (mIU/ml) 3.72 (2.71–4.73) 4.27 (3.05–5.49) 0.007

FSH (mIU/ml) 3.97 (3.04–4.91) 4.76 (3.27–6.25) 0.031

T (nmol/L) 13.06 (11.08–15.04) 21.84 (18.82–24.86) <0.001

PRL (ng/ml) 9.91 (6.89–12.93) 9.18 (5.88–12.48) 0.383

E2 (pmol/L) 128.00 (89.25–166.75) 156.00 (78.88–233.12) 0.003

P (nmol/L) 0.900 (0.35–1.45) 0.67 (0.03–1.35) 0.364
Values are presented as median (IQR). OSA, obstructive sleep apnea; PR, progressive motility; NP, non-progressive; FSH, follicle stimulating hormone; LH, luteinizing hormone; T, testosterone;
PRL, prolactin; E2, estradiol; P, progesterone;
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0.001), and progressive motility (PR) (r = –0.628, p < 0.001),

indicating that as OSA severity increased, semen quality declined.

However, there was no statistically significant correlation between

AHI and testosterone levels (r = –0.097, p = 0.318), suggesting that

testosterone may not be linearly associated with OSA severity in

this cohort.
Multivariable linear regression analysis

To further explore the independent relationship between OSA

severity and semen quality, multivariable linear regression analyses

were performed using AHI as the predictor and semen parameters

as outcomes, adjusting for potential confounders including age,

body weight, BMI, smoking status, alcohol consumption,

testosterone, and estradiol levels (Table 4).

After adjustment, AHI was significantly and negatively

associated with sperm concentration (b = –0.393, p < 0.001), total

motility (b = –0.640, p < 0.001), and progressive motility (b =

–0.623, p < 0.001). These findings indicate that increasing OSA

severity is independently linked to worsening semen quality. No
Frontiers in Endocrinology 05
significant association was observed between AHI and semen

volume (b = 0.091, p = 0.355).
Discussion

OSA has been increasingly recognized as a condition with broad

systemic impacts, including on male reproductive health. In our

study involving 108 patients with OSA and 84 healthy controls, we

found that men with OSA exhibited significantly lower sperm

concentration, total motility, progressive motility, and

testosterone levels. Furthermore, AHI was negatively correlated

with key semen parameters, while no significant correlation was

observed between AHI and testosterone levels. After adjusting for

potential confounders, AHI remained independently associated

with semen quality, suggesting a robust relationship between OSA

severity and male reproductive impairment.

These findings are consistent with a growing body of literature

linking sleep-disordered breathing to testicular dysfunction. A recent

multi-arm randomized trial demonstrated that both sleep deprivation

and OSA led to marked declines in sperm concentration and motility,
TABLE 3 Stratified subgroup analysis on the degree of OSA.

Demographic characteristics Mild OSA (n=66) Moderate OSA (n=18) Severe OSA (n=24) P

Age (yr) 28.00 (25.50–30.50) 28.50 (26.00–31.00) 29.00 (26.75–31.25) 0.088

Height 1.73 (1.66–1.80) 1.74 (1.69–1.79) 1.69 (1.66–1.72) 0.353

Weight 74.42 (69.95–78.89) 76.65 (74.92–78.39) 76.37 (70.34–82.40) 0.310

BMI (kg/m2) 25.10 (23.10–27.10) 25.05 (22.55–27.55) 25.35 (23.46–27.24) 0.150

PSG parameters

AHI 11.00 (10.00–12.00) 17.00 (15.50–18.50) 33.00 (27.50–38.50) <0.001

MSpO2 91.00 (89.00–93.00) 90.50 (87.00–94.00) 83.50 (82.62–84.38) <0.001

LSpO2 82.00 (79.00–85.00) 80.00 (77.50–82.50) 73.50 (72.00–75.00) <0.001

Semen parameters

Semen volume (ml) 2.05 (1.20–2.90) 2.50 (2.25–2.75) 2.75 (2.06–3.44) 0.502

Sperm concentration (106/ml) 118.15 (77.40–158.90) 91.80 (41.30–142.30) 29.50 (2.5–66.22) <0.001

Total motility (PR+NP) (%) 74.35 (62.40–86.30) 66.55 (35.55–97.55) 23.50 (9.04–37.97) <0.001

PR (%) 71.35 (59.25–83.45) 63.75 (34.45–93.05) 22.65 (8.17–37.12) <0.001

Sex hormone parameters

LH (mIU/ml) 4.01 (3.00–5.01) 3.01 (2.09–3.93) 3.34 (2.05–4.62) 0.028

FSH (mIU/ml) 4.18 (3.29–5.06) 4.24 (3.40–5.08) 3.84 (2.76–4.92) 0.300

T (nmol/L) 13.35 (12.18–14.52) 12.51 (8.41–16.61) 12.05 (9.19–14.92) 0.727

PRL (ng/ml) 9.62 (6.59–12.65) 10.50 (7.00–14.00) 11.91 (8.83–14.99) 0.673

E2 (pmol/L) 109.00 (62.00–156.00) 124.50 (85.50–163.50) 150.50 (119.50–181.50) 0.833

P (nmol/L) 0.900 (0.22–1.58) 0.93 (0.33–1.54) 1.03 (0.47–1.59) 0.627
Values are presented as median (IQR). Abbreviations: OSA, obstructive sleep apnea; BMI, body mass index; PSG, Polysomnography; AHI, apnea hypopnea index; MSPO2, mean pulse oxygen
saturation; LSpO2, lowest pulse oxygen saturation; PR, progressive motility; NP, non-progressive; FSH, follicle stimulating hormone; LH, luteinizing hormone; T, testosterone; PRL, prolactin; E2,
estradiol; P, progesterone.
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as well as reductions in testosterone, indicating a likely causal role for

disturbed sleep architecture in reproductive dysfunction (7). Kim et al.

reported similar results in a clinical pilot study, identifying widespread

sexual and erectile dysfunction along with reduced sperm quality in

OSA patients, suggesting the involvement of both hormonal and

vascular mechanisms (8). Likewise, animal models of chronic

intermittent hypoxia (CIH), a pathophysiological hallmark of OSA,

have revealed reductions in sperm motility, structural testicular

damage, and altered antioxidant gene expression, mirroring the

human phenotype (23). Our findings extend this evidence by

demonstrating that even in young, reproductive-aged men,

increasing AHI is independently associated with a stepwise decline

in sperm parameters, reinforcing the biological plausibility of OSA-

related reproductive harm.

The relationship between OSA and testosterone remains

complex and potentially influenced by multiple pathways. While

some studies have reported a significant inverse association between

AHI and testosterone levels (24–26), others—including our own—

have not observed such a clear link after adjusting for age and BMI.

Potential mechanisms underlying testosterone suppression in OSA

include dysregulation of the hypothalamic–pituitary–gonadal
Frontiers in Endocrinology 06
(HPG) axis, Leydig cell dysfunction, altered circadian melatonin

secretion, adrenal axis dysregulation, and even gut microbiota

imbalance. In particular, sleep fragmentation has been shown to

blunt nocturnal testosterone peaks, which are closely linked to REM

sleep cycles (27). Several clinical studies support an independent

relationship between OSA and male hypogonadism. In a cohort of

104 obese men, serum testosterone levels decreased significantly

with increasing OSA severity, and AHI was an independent

predictor of lower total and free testosterone after adjusting for

confounders (28). A recent meta-analysis involving 1,823 men

confirmed that serum testosterone was significantly reduced in

OSA patients compared to healthy controls, regardless of age or

BMI (29). However, obesity remains a major confounder, and

future high-quality prospective studies are warranted to

disentangle the direct effects of OSA from those of excess adiposity.

The biological mechanisms linking OSA to impaired semen

quality are likely multifactorial. Intermittent hypoxia triggers

oxidative stress via excess production of reactive oxygen species

(ROS), driven by activation of hypoxia-inducible factor-1a (HIF-

1a) and downregulation of antioxidant defenses (30, 31). CIH has also

been implicated in promoting germ cell apoptosis, inhibition of
FIGURE 1

Stacked histograms demonstrate the relationship between obstructive sleep apnea (OSA) severity and other factors; (A) The association between
obesity and OSA severity; (B) The effect of OSA on total sperm motility; (C) The association between OSA severity and testosterone deficiency;
(D) The effect of OSA severity on progressive motility.
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spermatogonial proliferation, systemic inflammation, and even

epigenetic alterations, including histone modification and DNA

methylation of non-coding RNAs. Sleep structure disruption further

contributes to reproductive dysfunction: reduced proportions of slow-

wave sleep have been associated with testicular damage and poor

sperm morphology in both human and animal studies (32).

This study has several limitations that should be acknowledged.

First, the cross-sectional design precludes any inference of causality
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between OSA and reproductive dysfunction. Second, the moderate

OSA subgroup had a relatively small sample size, which may have

limited statistical power in stratified analyses. Third, sleep

architecture and hormone secretion rhythms were not assessed in

detail, and future studies may benefit from including these

parameters through extended PSG monitoring. Fourth, although

our main outcomes were analyzed as continuous variables, the

absence of predefined diagnostic thresholds prevented the use of

receiver operating characteristic (ROC) analysis in this study.

Future investigations involving infertile patients or clinical

diagnostic endpoints could explore the predictive value of

reproductive biomarkers—such as testosterone and motility—

through ROC curve analysis to establish clinically meaningful

cut-offs. Finally, our findings were limited to young, reproductive-

aged men and may not be generalizable to older populations or

those with chronic comorbidities.
Conclusion

In summary, this cross-sectional study demonstrated that

patients with OSA had significantly higher body weight and BMI

compared to healthy controls. Key semen parameters, including
FIGURE 2

Scatterplot of the relationship between sleep apnea hypopnea index (AHI) and fertility-related indicators; (A) r=-0.430, P<0.001, indicating a
moderate negative correlation between AHI and sperm concentration; (B) r=-0.642, P<0.001, indicating a strong negative correlation between AHI
and total sperm motility; (C) r=-0.628, P<0.001, indicating a strong negative correlation between AHI and progressive motility; (D) r=-0.097,
P=0.318, AHI had almost no correlation with testosterone level.
TABLE 4 Multivariate linear regression analyses of the association
between AHI and semen parameters in the OSA group.

Semen parameters B SE b t
p-
value

Semen volume 0.009 0.010 0.091 0.929 0.355

Sperm concentration -1.806 0.386 -0.393 -4.676 <0.001

Total motility (PR+NP) -1.569 0.188 -0.640 -8.360 <0.001

PR -1.459 0.182 -0.623 -8.021 <0.001
Multivariate Linear regression model: AHI + confounders (age, weight, BMI, smoking, alcohol
use, T, and E2).
OSA, obstructive sleep apnea; BMI, body mass index; AHI, apnea hypopnea index; PR,
progressive motility; NP, non-progressive; T, testosterone; PRL, prolactin; E2, estradiol.
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sperm concentration, total motility, and progressive motility, were

significantly reduced in the OSA group, along with lower serum

testosterone levels. Stratified analysis by OSA severity revealed that

increasing AHI was associated with declines in oxygen saturation

(MSpO2 and LSpO2), a higher prevalence of obesity, and

progressive deterioration of sperm quality. Multivariable analysis

further confirmed an independent, negative association between

AHI and semen parameters. These findings suggest that OSA may

adversely impact male reproductive function, emphasizing the need

for early recognition and management of sleep-disordered

breathing in reproductive-aged men.
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