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Abstract
Background: Depression is a potential factor affecting semen quality. However, the relationship between
depression and semen quality remains to be fully elucidated. We investigated the association between
depression and semen quality in men during the COVID-19 pandemic.

Methods: Cross‐sectional, participants completed a questionnaire assessing lifestyle factors the Patient
Health Questionnaire-9 (PHQ-9) was used to evaluate the psychological depression status of subjects.
Semen quality assessment implements the requirements of the �fth edition of the World Health
Organization (WHO )manual ,multivariable logistic regression analysis and linear regression analysis
were conducted to assess the associations between depression and semen quality.

Results: Of the 896 participants, 173 were depressed (19.30%). A Linear regression model was �tted to
assess the strength and signi�cant level of the association between depressive symptoms and semen
quality. After adjusting for potential confounders, depression was signi�cantly associated with 9.27 (95%
con�dence interval [CI] 3.39, 15.15), 0.57(95% CI 0.27, 0.87), 62.20 (95% CI 32.93, 91.48), and 12.96 (95%
CI 10.55, 15.37) reduction in sperm concentration, sperm volume, total sperm count, and progressive
motility, respectively. Which are consistent with the logistic regression analysis results. The semen
concentration and total sperm count were linearly correlated with depression scores, whereas the semen
volume and progressive motility of sperm were nonlinearly correlated with depression scores.

Conclusions: Depression were associated with lower levels of semen concentration, semen volume, total
sperm count, and progressive motility, which could affect male reproductive health.

Plain Language Summary
Depression may be associated with decreased semen quality. However, in the general population, there
are limited studies on the effect of depressive symptoms on semen quality and the results are not clear.
The purpose of this work is to explore the association between depressive symptoms and semen quality
during the COVID-19 pandemic .

A cross sectional study design was employed. A questionnaire survey was conducted during the COVID-
19 pandemic among sperm donor who visited 7 sperm banks in China, a total of 896 valid questionnaires
were collected. the Patient Health Questionnaire-9 (PHQ-9) was used to assess depressive symptoms, the
depression rate was 19.30%. Semen quality assessment implements the requirements of the �fth edition
of the World Health Organization (WHO )manual. multivariable logistic regression analysis and linear
regression analysis were conducted to assess the associations between depression and semen quality.
The linear regression results of adjusting for potential confounders show that depression was
signi�cantly associated with a 9.27 (95% con�dence interval [CI] 3.39, 15.15), 0.57(95% CI 0.27, 0.87),
62.20 (95% CI 32.93, 91.48), and 12.96 (95% CI 10.55, 15.37) reduction in sperm concentration, sperm
volume, total sperm count, and progressive motility, respectively. Which are consistent with the logistic
regression analysis results. The semen concentration and total sperm count were linearly correlated with
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depression scores, whereas the semen volume and progressive motility of sperm were nonlinearly
correlated with depression scores. Hence, depression were associated with lower levels of semen
concentration, semen volume, total sperm count, and progressive motility, which could affect male
reproductive health. Pay attention to the psychological changes of men of childbearing age, and promptly
guide the mental depression of men of childbearing age, which may have certain clinical signi�cance for
maintaining the quality of male semen.

Introduction
Infertility affects approximately 15% of couples worldwide, and male causes account for about 50% [1].
The ‘China Infertility Current Situation Research Report’ released by the China Population Association,
indicated that the infertility rate of China’s childbearing age population is 15–20%, and the number of
infertile couples reached 20 million. A large number of studies have shown that about 30% of infertility
cases are due to male factors[3]. Poor semen quality is believed to be a major cause of male infertility [2].
A recent meta-analysis of Western population data from 1973 to 2011 showed that semen quality in
Western males has declined by 50%[3], and a growing number of studies have reported that male semen
quality around the world is declining [4].

Smoking, excessive drinking, Body Mass Index( BMI), adverse psychological state, and other factors may
be responsible for the decline of semen quality. Few studies have reported on psychological depression
and male semen quality, but it is di�cult to reach a uni�ed conclusion due to the diversity of study
population, study design, and analysis methods. The results of published studies have mainly focused on
infertile or subfertile men. For example, an analysis of semen samples from 112 Swiss men with low
fertility found that depression is associated with lower semen quality[5]. In a prospective, multi-center
clinical trial, a study of semen samples from 809 infertile men discovered that depression is negatively
associated with testosterone secretion levels [6]. At present, few studies have investigated the association
between depressive symptoms and semen quality in the general Chinese population. A recent single
center study on Chinese college students showed that, depressive symptoms may be associated with
decreased semen concentration and total sperm count [7]. However, the conclusion of this study cannot
represent the majority of Chinese men, because the study population is limited to college students and
belongs to a single-center study design.

The COVID-19 epidemic has become a major public health event affecting people’s health. Public health
emergencies are known to have adverse effects on individual health (e.g., insecurity, confusion, emotional
isolation, and stigma) and communities (owing to economic loss, work and school closures, inadequate
resources for medical response)[8–10]. These phenomena may translate into a range of emotional
reactions, such as anxiety, depression, and other adverse psychological symptoms [11]. During the
COVID-19 pandemic, higher rates of depressive symptoms were detected among healthcare workers,
adolescents, college students, general population, and pregnant women than during the non-pandemic
period [12–16]. Research reports show that depression not only causes pain to patients, but also leads to
poor sleep quality, loss of appetite, fatigue, symptoms of autonomic nervous dysfunction, and other
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adverse effects [17, 18]. Reports concerning the effects of depression on male reproduction are limited. In
addition, similar studies on major health events have not been reported. The present study was designed
to investigate the relationship between depressive symptoms and semen quality in men during the
COVID-19 pandemic, and to provide some epidemiological evidence for the etiology of male reproduction
research.

Taken together, the current research evidence on the association between depressive symptoms and
semen quality is limited, and further research is required. In this research, we conducted a large-scale
observational study on 896 healthy sperm donors from several sperm banks in China during the COVID-
19 and performed dose–response analysis to quantitatively evaluate the relationship between depressive
symptoms and semen quality.

Materials And Methods
2.1. Design and participants

This study is a multicenter cross-sectional study conducted during the COVID-19. A total of 1236
questionnaires were retrieved from seven sperm banks in China. After screening according to the
inclusion and exclusion criteria, 896 quali�ed questionnaires were �nally obtained. The exclusion criteria
were as follows: patients with genital tract disease, genetic disease diagnosis or family genetic disease,
and infectious diseases; patients who are pathogen carriers; patients with hypertension, diabetes, and
mental illness; and patients who lack semen quality reports. The inclusion criteria were as follows: age 18
to 42 years old, no history of mental illness, and no history of drug and organic disease in the last 3
months. The details of the study design and analysis of related processes are shown in Fig. 1. The study
was approved by the Association of Ethical Review of Tongji Medical College, Huazhong University of
Science and Technology. All participants completed questionnaires, including demographic
characteristics, living habits, and psychological depression, and signed an informed consent. The semen
concentration, semen volume, total sperm count, and forward motility were used as outcome indicators.

2.2. Depressive Symptoms

Patient Health Questionnaire
In this study, the Patient Health Questionnaire was used to evaluate the psychological depression status
of subjects [19]. The scale consists of nine items, which belong to the criteria of major depression in the
Diagnostic and Statistical Manual of Mental Disorders. This scale has high sensitivity and has been
widely used in the adult population. Each item was scored on a scale of 0–3. Participants completed a
mental scale assessment based on their psychological feelings according to their mental state in the last
two weeks while completing the semen collection. On the basis of previous studies, a score of 5–9 was
de�ned as mild depression, and a score of 10 or greater was de�ned as severe depressive symptoms [20,
21]. The reliability and validity of the simpli�ed Chinese version of PHQ-9 have been demonstrated [22].
2.3. Semen Sample Collection And Analysis
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The semen of each eligible subject was collected for routine semen analysis according to the inclusion
criteria of the questionnaire survey, and the participants provided semen samples via masturbation in the
sperm collection room. At the same time, the participant’s abstinence time and time of ejaculation were
recorded. According to the latest guidelines of the World Health Organization, the semen concentration,
semen volume, total number of sperm, and forward motility of sperm were detected and recorded for
subsequent statistical analysis [23]. Immediately after ejaculation, the sample was collected and placed
in an incubator at 37°C for incubation. The liquefaction time (< 1 h) was recorded. This step was
completed within 1 h. The color of semen was observed and recorded, and the semen volume was
estimated by weighing method (1 g = 1 mL). About 10 µL of semen was taken for smear to observe the
morphology of sperm. The procedure was carried out in strict accordance with the latest WHO guidelines
[24]. A computer-aided sperm analysis system (SCA CASA System, MicroChip S.L., Barcelona, Spain) was
used to assist in the analysis of semen concentration and sperm motility indicators. In order to reduce
errors caused by human manipulation, a skilled technician was selected for each sperm bank to perform
the process in strict accordance with the implementation speci�cations.

The normal ranges for semen volume, total sperm count, semen concentration, and progressive motility
were assessed strictly in accordance with the WHO �fth edition manual [25].

2.4. Statistical analysis

Classi�cation variables in the data were presented in the form of frequency and percentage, while
continuous variables were represented as mean ± standard deviation. The respondents were divided into
depressed group and non-depressed group according to the scoring principle of PHQ-9. The scoring rules
are described in the methods section. Table 1 describes the basic characteristics of the studying
population, including weight, BMI, age, educational level, smoking, drinking, and other factors. Table 2
compares the differences in semen parameters (including semen concentration, total sperm count, semen
volume, and progressive motility of sperm) between the two groups.

To verify the stability of the results, multivariate linear regression analysis and logistic regression
analysis were used to examine the association between depression and sperm concentration, semen
volume, total sperm count, and progressive motility. The odds ratio (OR) and 95% con�dence interval
(95% CI) were calculated, and the distribution of depression scale scores was signi�cantly skewed to the
right. Logarithmic transformation was performed before multiple linear regression analysis, and the
estimates were reconstructed using exponential formulas [26–29].

To analyze the relationship between depression grade and semen quality, logistic regression model was
used after converting the sperm concentration, semen volume, total sperm count, and progressive motility
from continuous variable data to binary variables. The “WHO Human Semen Inspection and Processing
Laboratory Manual” (�fth edition) was used to determine whether the indicators are quali�ed or not [7].
The values of semen quality indicators were directly incorporated into the linear regression model as
continuous variable data, and depression symptoms were incorporated into the model as dichotomous
variable data [30]. The model were adjusted for latent variables known to have an impact on semen
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quality (smoking[26], drinking[31], BMI[32] ) .When analyzing the association between depression and
four outcome variables of semen quality, several indexes in�uencing semen quality reported by previous
studies, including smoking, drinking and BMI, were set as �xed adjustment variables. Other covariables
were �ltered according to the screening principle of published articles. We selected these confounders on
the basis of their associations with the outcomes of interest or a change of more than 10% in effect
estimate [33, 34]. Supplementary Tables S1–S4 show the associations of each confounder with the
outcomes of interest. The regression analysis results are shown in Tables 3 and 4.

The depression scale scores of all participants were divided into three categories according to the grading
standard. Participants with scores between 0 and 4 were considered to have no depressive symptoms,
those with scores between 5 and 9 were considered to be mildly depressed, and those with scores over 10
were considered to be severely depressed. The Cochran–Armitage trend test was used to determine
whether there was a certain trend between depressive symptom grade and semen quality, as shown in
Table 5. Curve �tting was used to test whether there was a linear relationship between the trend of
depressive symptom score and various parameters of semen quality. The dose–response curve of each
index is shown in Figs. 2–5. Meanwhile, the variables of each parameter index were adjusted according
to the covariate screening principle. A two-stage linear regression model was used to test the threshold
effect of depression score on semen quality by smoothing function.

For all analyses, the percentage of covariate’s missing values was less than 20%. We used multiple
estimations to calculate the missing data of covariates, and used multiple regression algorithm to
process the covariant data [35]. P-values < 0.05 were interpreted as statistically signi�cant. All statistical
analyses were performed using EmpowerStats (http://www.empowerstats .com) and the statistical
package R(4.03 version).

Results
3.1. Participant Characteristics

Of the 896 participants, 173 were depressed (19.30%).The characteristics of the study participants are
shown in Table 1. Depressed participants had higher BMI (P = 0.020) than non-depressed participants.
Differences were observed in smoking, time using electronics, and sedentary time between depressed and
non-depressed participants (P < 0.05).
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Table 1
Characteristics of the study subjects by depression category.

Depression Non-depressed Depressed P-value

N 723 173  

Weight(Kg) 68.72 ± 10.14 67.27 ± 10.49 0.061

BMI 22.64 ± 3.15 22.07 ± 3.09 0.020

Age 25.76 ± 4.89 24.97 ± 4.60 0.040

smoking     0.001

NO 203 (28.08) 70 (40.46)  

YES 520 (71.92) 103 (59.54)  

Drinking     0.197

NO 629 (87.00) 144 (83.24)  

YES 94 (13.00) 29 (16.76)  

Education Level     0.591

Under high school 150 (20.75) 43 (24.86)  

Junior college 278 (38.45) 67 (38.73)  

Undergraduate and higher 292 (40.39) 62 (35.84)  

Time spent using electronics     < 0.001

Less than 6h 586 (81.05) 116 (67.05)  

More than 6h 137 (18.95) 57 (32.95)  

Sedentary time (days)     0.031

Less than 6h 573 (79.25) 124 (71.68)  

More than 6h 150 (20.75) 49 (28.32)  

Marriage     0.483

Unmarried 616 (85.20) 151 (87.28)  

Married 107 (14.80) 22 (12.72)  

Debt pressure     0.459

Results in the table: Mean + SD/N(%)
P value *: For continuous variables, Kruskal Wallis rank sum test was used. For counting variables
with theoretical number < 10, Fisher exact probability test was used. This table with YIER statistical
software (www.empowerstats.com) and R software generated, generate date: 2020-11-15

http://www.empowerstats/
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Depression Non-depressed Depressed P-value

Yes 316 (43.71) 81 (46.82)  

No 407 (56.29) 92 (53.18)  

Results in the table: Mean + SD/N(%)
P value *: For continuous variables, Kruskal Wallis rank sum test was used. For counting variables
with theoretical number < 10, Fisher exact probability test was used. This table with YIER statistical
software (www.empowerstats.com) and R software generated, generate date: 2020-11-15

3.2. The distribution of semen parameters in depression and non-depression subjects

The semen indicators (progressive motility, semen concentration, semen volume, and total sperm count)
of depressed participants were lower than those of non-depressed participants (51.21 ± 12.23 vs. 38.31 ± 
16.60 [%], 57.40 ± 32.78 vs. 45.76 ± 29.96 [106/mL], 3.66 ± 1.67 vs. 3.03 ± 1.68 [mL], and 212.85 ± 164.03
vs. 141.97 ± 125.10 [106], respectively). A statistical difference was observed in the semen quality
between the two groups (P < 0.05) (sperm concentration, semen volume, total sperm count, and
progressive motility were considered as quali�ed semen sample; otherwise, unquali�ed semen sample).
The abstinence time did not differ between the two groups (Table 2).

 
Table 2

Distribution of semen quality parameters by depression status category.
Parameter Depression P-value

Non-depressed (n = 723) Depressed(n = 173)

Progressive motility 38.31 ± 16.60 51.21 ± 12.23 < 0.001*

Semen concentration 45.76 ± 29.96 57.40 ± 32.78 < 0.001*

Semen volume 3.03 ± 1.68 3.66 ± 1.67 < 0.001*

Total sperm count 141.97 ± 125.10 212.85 ± 164.03 < 0.001*

Abstinence time 5.15 ± 2.49 5.37 ± 3.18 0.514 *

Semen quality     < 0.001

Below standard 680 (94.05) 38 (21.97)  

Up to standard 43 (5.95) 135 (78.03)  

Results in the table: Mean + SD/N(%)
P value *: For continuous variables, Kruskal Wallis rank sum test was used. For counting variables
with theoretical number < 10, Fisher exact probability test was used. This table with YIER statistical
software (www.empowerstats.com) and R software generated, generate date: 2020-11-15

3.3. Logistic regression analysis of depression and semen parameters

http://www.empowerstats/
http://www.empowerstats/


Page 10/22

The results of logistic regression analysis showed that, depression group had 7.97 (95% CI 4.10, 15.49)
lower sperm concentration, 9.23 (95% CI 5.06, 16.86) lower sperm volume, 4.90 (95% CI 3.01, 7.99) lower
total sperm count, and 23.65 (95% CI 14.82, 37.74) lower progressive motility than without depression
group. After adjusting the variables according to the adjustment strategy, depression group had 12.62
(95% CI: 5.77, 27.61) lower sperm concentration, 10.10(95% CI 4.99, 20.45) lower sperm volume, and
6.62(95% CI: 3.70, 11.83) lower total sperm count and 30.47(95% CI :17.23, 53.88) lower progressive
motility than without depression group(Table 3).

 
Table 3

Correlation analysis of depression and semen parameters (Logistics regression analysis)
Characteristic Model depression OR(95%CI) P-value

Sperm concentration Crude NO Reference < 0.001

YES 7.97 (4.10, 15.49)  

Adjustedb NO Reference 0.021

YES 12.62 (5.77, 27.61)  

Semen volume Crude NO Reference < 0.001

  YES 9.23(5.06, 16.86)  

Adjustedb NO Reference 0.002

  YES 10.10(4.99, 20.45)  

Total sperm count Crude NO Reference < 0.001

  YES 4.90 (3.01, 7.99)  

Adjustedb NO Reference < 0.001

  YES 6.62(3.70, 11.83)  

Progressive motility Crude NO Reference < 0.001

  YES 23.65(14.82, 37.74)  

Adjustedb NO Reference < 0.001

  YES 30.47(17.23, 53.88)  

The results in bold indicate that the results were statistically signi�cant. (p < 0.05)

CI: Con�dence interval, con�dence interval. b .The regression equation has been adjusted for age,
BMI, worry about being infected with the new crown, smoking, drinking, occupation and education
level. This table with YIER statistical software (www.empowerstats.com) and R software generated,
generate date: 2020-11-17

3.4. Multiple linear regression analysis of depression and semen parameters

http://www.empowerstats/
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The results of linear regression analysis were similar to those of logistic regression analysis. Compared
with non-depression group, sperm concentration decreased by 11.6 (95% CI 6.28, 16.98), semen volume
decreased by 0.63 (95% CI: 0.91, 0.36), total sperm count decreased by 70.88(95% CI: 44.78, 96.97), and
progressive motility decreased by 12.91(95% CI: 10.72, 15.10). After adjusting for the covariates of each
outcome measure according to the screening principle, compared with non-depression group, sperm
concentration decreased by 9.27 (95% CI: 3.39, 15.15), semen volume decreased by 0.57 (95% CI: 0.27,
0.87), total sperm count decreased by 62.20 (95% CI: 32.93, 91.48), and progressive motility decreased by
12.96(95% CI: 10.55, 15.37), respectively(Table 4).

 
Table 4

Correlation analysis of depression and semen parameters (Linear regression analysis)
Characteristic Model depression β(95%CI) P-value

Sperm concentration

(×106mL)

Crude NO Reference < 0.001

YES -11.63 (-16.98, -6.28)  

Adjustedb NO Reference 0.021

YES -9.27 (-15.15, -3.39)  

Semen volume (mL ) Crude NO Reference < 0.001

  YES -0.63 (-0.91, -0.36)  

Adjustedb NO Reference 0.002

  YES -0.57 (-0.87, -0.27)  

Total sperm count

(×106 )

Crude NO Reference < 0.001

  YES -0.63 (-0.91, -0.36)  

Adjustedb NO Reference < 0.001

  YES -62.20 (-91.48, -32.93)  

Progressive motility(%) Crude NO Reference < 0.001

  YES -70.88 (-96.97, -44.78)  

Adjustedb NO Reference < 0.001

  YES -12.96 (-15.37, -10.55)  

The results in bold indicate that the results were statistically signi�cant. (p < 0.05)

CI: Con�dence interval, con�dence interval. b .The regression equation has been adjusted for age,
BMI, worry about being infected with the new crown, smoking, drinking, occupation and education
level. This table with YIER statistical software (www.empowerstats.com) and R software generated,
generate date: 2020-11-17

http://www.empowerstats/
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3.5. Association of depression score level and semen quality parameters

After adjusting for confounding factors(Table S1), the depressive symptoms were diveded into three
categories according to the classi�cation criteria of the depression score scale, which are normal
mentality (≤ 4 points), mild depression (5–9), and severe depression (≥ 10). The trend test results of the
relationship between depression level and semen quality show that as the severity of depressive
symptoms increases, semen parameters gradually decrease, and the trend is signi�cant (P for trend < 
0.05)( Table 5).

 
Table 5

Trend test of semen quality parameters classi�ed by depression grade
Indicators   N %events OR(95% CI) P for trend

Progressive motility Normal 723 80.69 51.19 (50.22, 52.16) < 0.001

  Mild 133 14.84 38.84 (36.55, 41.13)  

  Severe 40 4.46 36.96 (32.77, 41.16)  

Sperm count Normal 723 80.69 211.24 (199.82, 222.67) < 0.001

  Mild 133 14.84 158.88 (131.94, 185.83)  

  Severe 40 4.46 114.78 (65.36, 164.19)  

Semen concentration Normal 723 80.69 57.04 (54.72, 59.35) < 0.001

  Mild 133 14.84 50.80 (45.34, 56.26)  

  Severe 40 4.46 35.51 (25.49, 45.52)  

Semen volume Normal 723 80.69 3.65(3.53, 3.77) < 0.001

  Mild 133 14.84 3.09 (2.80, 3.38)  

  Severe 40 4.46 3.02 (2.50, 3.55)  

Results in the table: Mean + SD/N(%)

P value *: For continuous variables, Kruskal Wallis rank sum test was used. For counting variables
with theoretical number < 10, Fisher exact probability test was used. This table with YIER statistical
software (www.empowerstats.com) and R software generated, generate date: 2020-11-15.

The association with semen quality parameters and depression scores was evaluated, which showed a
linear downward trend of semen concentration and total sperm count with the estimated dose–response
curves of depression scores (Fig S2 and Fig S3). However, a nonlinear relationship was observed between
semen volume, sperm progressive motility, and depression score(Fig. 2 and Fig. 3). The threshold effect
of depression score on semen volume and progressive motility was analyzed using piecewise linear

http://www.empowerstats/
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regression. The semen volume decreased as the depression score increased until the turning point (PHQ 
> 8), with a correlation coe�cient (OR) was − 0.1 (95% CI, -0.1–0.1)( Fig. 2, Table 6).The estimated dose–
response curve was horizontal in the PHQ > 8 score range, no signi�cant correlation was observed
between the depression score and the semen volume (P < 0.05),(Fig. 2, Table 6).

 
Table 6

Threshold effect analysis of scores on semen volume
using piece-wise linear regression

Depression scores OR(95% CI)a P Value

Scores -1.33(-1.57,-1.09) < 0.0001

In�ection point 8  

Scores < 8 -1.63(-1.98,-1.28) < 0.0001

Scores ≥ 8 -0.00(-1.29,0.08) 0.0843

a Adjusted for somking, drinking, BMI, age

Similarly, the progressive motility decreased with increasing depression score until the turning point (PHQ 
< 8). The correlation coe�cient (OR) was − 1.63 (95% CI, -1.98–1.28, P < 0.005). However, in the PHQ > 8
scoring range, the estimated dose–response curve was horizontal, no signi�cant correlation was
observed between the depression score and the semen volume (P < 0.05), ( Fig. 3, Table 7).
 

Table 7
Threshold effect analysis of scores on

progressive motility using piece-wise linear
regression

Depression scores OR(95% CI)a P Value

Scores -0.1(-0.1,-0.1) < 0.001

In�ection point 8  

Scores < 8 -0.1(-0.1,-0.1) < 0.001

Scores ≥ 8 0.0(-0.1,0.1) 0.932

a Adjusted for somking, drinking, BMI, age

Discussion
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The results of this study, which included 896 participants, showed a negative association between
depression and semen parameters (semen concentration, semen volume, total sperm count, and
progressive motility of sperm) in men, and a nonlinear decrease in depression with semen volume and
progressive motility of sperm.

The results of this study are consistent with a previous research [7, 31], showing that depression may be
associated with decreased semen volume and sperm concentration. Similarly, in another study involving
70 infertile men, psychological stress may be negatively associated with total serum testosterone levels
and semen quality [36]. A single-center cross-sectional study of 587 college students in China also found
that depression in men is associated with poor semen quality, including a decrease in semen
concentration and quantity [7]. Consistent with this study, our results also showed that there is a negative
association between depression and semen quality.

In the study population, we further revealed a potential link between the depression threshold effect and
semen quality. To our knowledge, this is the �rst epidemiological study to provide clear evidence of a
nonlinear and potential association between depression score levels and progressive motility of sperm. In
a prospective cohort study on psychological stress and semen quality, poor semen quality was detected
in a dose–responsive manner among men with self-reported stress scores above moderate stress levels
[37]. The trend test of this study also showed that all indexes of semen parameters decreased with
increasing depression grade. A quantitative dependence was observed between depression and semen
parameters (semen concentration, semen volume, total sperm count, and progressive motility). Threshold
test and piecewise linear function of depression and semen volume showed that, semen volume
decreases with increasing depression grade when the grade is less than 8, and doesn’t change with
depression grade when the grade is grater than 8. The threshold test results of the study population
showed that the mean semen volume ranged from 1.5 mL to 4.0 mL. A study based on the World Health
Organization’s �fth edition of the Laboratory Manual for the Examination and Treatment of Human
Semen recommends a normal range of 1.5 to 6 mL for male semen volume [38]. Hence,in the present
study, the semen volume decreased as the depression scores increased, but the changes were within the
recommended normal range. Similarly, Threshold test and piecewise linear function of depression and
semen progressive motility showed that, progressive motility decreases with increasing depression
grade which accord with recent studies [4, 39–41]. Progressive motility decreases signi�cantly when
depression grade is less than 8 (p < 0.05), decreases insigni�cantly when depression grade is grater than
8 (p < 0.05), and has fallen to reference value (32–72%) when depression grade equals 8.

A retrospective cross-sectional study of 71,623 infertile men in China from 2011 to 2017 found no
evidence of deteriorating semen quality in infertile men in Hunan, China. However, sperm motility is a
necessary indicator of Assisted Reproductive Technology (ART) fertility [42].

According to the molecular mechanism analysis, neuroendocrine dysfunction may be associated with the
effect of depression on semen quality [43]. Some researchers have proposed that the molecular
mechanism of depression may be related to stress-related cortisol release and impaired feedback
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inhibition mediated by glucocorticoid receptors [44, 45]. In vitro experiments have shown that
glucocorticoids induce apoptosis or senescence in Leydig cells, and induce apoptosis [46, 47] in early
spermatogenic cells (spermatogonia and pachytene spermatocytes). However, these research data came
from animal experiments or in vitro experiments, and have not been con�rmed in population survey
studies.

Studies on the relationship between depression and semen quality are limited. However, multiple
researches have shown that major public health events can increase the risk of depression. This study
investigated male during the COVID-19 pandemic, and thus may be of great signi�cance for preventing
the decline of semen quality in 18–42-year-old individuals when major public health events occur, and
may also provide certain reference value for exploring the etiology of male infertility.

Conclusions
Depressive symptoms were associated with lower levels of semen concentration, semen volume, total
sperm count, and progressive motility, which could affect male reproductive health. Our research shows
that paying attention to the psychological depressive symptoms of males of childbearing age during
major public health events may be of great signi�cance in preventing the deterioration of semen quality.

The advantages of our study are as follows: �rst, the population in our study is special. Obtaining similar
research data of men during the epidemic period is di�cult. Second, to date, this study is the �rst to use a
threshold test to analyze the relationship between depression and semen quality. Third, in addition to the
questionnaire, we also obtained semen test results of each study subject, which has not been reported in
this kind of research during the epidemic period. The limitations of our study are as follows: �rst, the age
range of subjects included in this study was between 18 and 42 years. Thus, the results are not
applicable to all men. Second, the study was conducted after the outbreak of the epidemic, so
comparative data before the epidemic are lacking. Third, the questionnaire used in this study was
completed by online �lling, without face-to-face conversation.
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Figure 1

Flowchart showing derivation of study cohort
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Figure 2

Depression score and semen volume dose–response relationship adjusted for smoking, drinking, BMI,
age
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Figure 3

Depression score and progressive motility dose–response relationship adjusted for smoking, drinking,
BMI, age

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

supplementarymaterial1.docx

https://assets.researchsquare.com/files/rs-653536/v1/77aa49c47ee61d5b7bb09cd4.docx

