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Abstract
Objectives: There is no report about association of anxiety on sperm quality during the COVID-19 epidemic. Purpose of this
study was to investigate the relationship between anxiety and sperm quality during the COVID-19 outbreak in China.

Methods: 896 sperm donors from 7 sperm banks in China were investigated, and passed the screening for sperm donation
between 23 January 2020 and 8 June 2020. Semen quality analysis follows the standards of the WHO Fifth Edition
Human Semen Examination and Processing Manual. Anxiety symptoms were assessed by the Generalized Anxiety
Disorder Scal-7(GAD-7). Logistic regression and linear regression were used to identify the association between anxiety
level and sperm quality.

Results: Participants with anxiety status (N = 155; 17.3%) had lower sperm concentration (56.81 ± 32.70 vs. 47.21 ± 30.76
[106/mL]), sperm volume (3.58 ± 1.65 vs. 3.04 ± 1.69 [mL], P < 0.001), total sperm count (7.29 ± 1.23 vs. 6.56 ± 1.63 [106],
P < 0.001), and progressive motility (50.86 ± 12.45 vs. 38.50 ± 17.00 [%], P < 0.001) than those without anxiety. Linear
regression showed that anxiety symptoms was signi�cantly associated with 8.13 (95% con�dence interval [CI]: 2.51,
13.75), 0.49 (0.20, 0.79) ,51.05 (23.43, 78.68) and 12.15 (95% CI: 23.43, 78.68), reduction in sperm concentration, semen
volume, and total sperm count and progressive motility respectively.

Conclusions: This study revealed that anxiety symptoms were negatively associated with semen quality, and interaction
was discovered between debt stress and anxiety.

1. Introduction
The World Health Organization has declared COVID-19 a pandemic, calling for a global response[1]. The COVID-19
pandemic and mitigation efforts carry a mental health toll among health care workers, individuals infected and the general
population[2, 3]. One recent study involving 1,563 health professionals found that more than half (50.7%) of participants
reported depressive symptoms, 44.7% reported anxiety and 36.1% reported sleep disturbances[4]. Studies have reported
that 6.3–28.8% of the Chinese population experienced anxiety during the epidemic[5–7].

Infertility remains a global public health problem and a major clinical issue, affecting approximately 15% of couples at
reproductive age globally [8].It has been evaluated that about 70 million couples of childbearing age worldwide suffer from
subfertility or infertility problems, and about ~ 50% of the cases are caused by male factors[9, 10].It has been suggested that
semen quality, a predictor of male fertility, is declining worldwide [11]. Substandard semen quality is recognized as the main
cause of male infertility[12, 13]. Recently, a 36-year (1973–2011) rigorous and comprehensive meta-analysis reported that
among male in western countries, sperm count (measured by sperm concentration or total sperm count) dropped by more
than 50% [13]. Apart from genetic factors and direct testicular damage, decreased semen quality has been associated with
prenatal exposure to pesticides, smoking, and adult lifestyle factors includes cigarette, alcohol intake, and abnormal Body
Mass Index(BMI).

Association between psychological stress(such as depression and anxiety) and male or female infertility has been
reported [14, 15], and the impact of psychological stress on women has been well analyzed [16–18]. However, the association
of psychological stress and male semen parameters has not yet been fully studied[19]. Despite the fact that anxiety is
almost as debilitating as depression, it has received less attention, and is frequently under-detected and under-treated in
the general population[20]. The World Health Organization (WHO) Global Burden of Disease Survey showed that the
incidence of anxiety disorders has increased sharply[21].

Research �ndings based on infertile men found that anxiety may be associated with decreased semen quality [22–24]. A
controlled study of 94 patients undergoing in vitro fertilization (IVF) and 85 normal subjects showed that increased levels
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of state and trait anxiety were associated with decreased semen volume, sperm concentration, total sperm count, and
decreased sperm motility[14]. But in this type of research, it is not easy to determine whether the pressure is the reason or
the result of the decline in semen quality, since psychological stress could increase after the diagnosis of male infertility
and subsequent IVF treatment[25, 26] .

There are few reports on anxiety and semen quality in the general population, but the conclusions are inconsistent. Two
research surveys on the association between psychological stress and semen quality in general population males showed
controversial results after controlling for confounding factors. One research show that there is a linear negative correlation
between perceived pressure and semen concentration, sperm motility, and the percentage of sperm with normal
morphology[27].The other research did not �nd any association between stress and semen parameters, but the fertility of
men with low semen quality decreased as the stress score increased[28].

Taken together, the current research evidence on the association between anxiety and semen quality is limited and
uncertain, therefore further research is needed. In this study, we carried out an observational study on a total of 896 healthy
sperm donors from 7 sperm banks in China during the COVID-19, and assessed the association between anxiety and
semen quality.

2. Methods

2.1 Design and participants
This is a cross-sectional study that conducted an online survey on volunteer sperm donors at various sperm banks in
China between 23 January 2020 and 8 June 2020. The study was performed 4 weeks after the COVID-19 epidemic
outbreak in Wuhan[29]. This survey period corresponded to the highest vulnerability period after the great distress of the
COVID-19 epidemic outbreak in China[30]. The online survey included questions on informed consent, demographics,
personal lifestyle, assessment of mental health status (GAD-7) and other personal information.

This study has been approved by the Ethics Committee of Tongji Medical College of Huazhong University of Science and
Technology. During the investigation, consent forms were signed by each respondent, and all respondents were treated
anonymously.

This questionnaire was �lled online via a WeChat applet. A questionnaire survey was conducted among seven sperm
banks in China, namely, Guangdong Sperm Bank, Chongqing Sperm Bank, Henan Sperm Bank, Hubei Sperm Bank, Hunan
Sperm Bank ,Shaanxi Sperm Bank, and Jiangxi Sperm Bank. A total of 1,236 questionnaires were received. The volunteers
were aged from 18 to 40 years old, had an abstinence time of 2–7 days, and had no history of mental illness and
psychiatric medication. The exclusion criteria were as follows: (1) diseases of the genitourinary system, including
in�ammation of the genitourinary system, epididymitis, testicular insu�ciency and history of testicular damage, and (2)
testicular varicocele. A total of 340 individuals were excluded. Finally, a total of 896 individuals were included in the
analysis. The number of questionnaires collected by each sperm bank is shown in Fig. 1.

2.2 Collection and analysis of semen samples
The collection and testing of semen from each sperm bank were conducted in complete accordance with the “WHO
Human Semen Inspection and Processing Laboratory Manual” (2015 �fth edition). We provided a separate room for
volunteers. The semen samples were obtained by masturbation and collected in a dry and clean wide-mouth semen
collection cup. After semen collection, the volunteers’ abstinence time, semen leakage and ejaculation time point were
recorded. The semen volume was measured by weighing method (according to the WHO’s recommended standard, 1 g = 1
mL). The semen sample was then placed in a 37°C constant temperature incubator (SFG-02.400) for liquefaction. Most
sperm would be lique�ed within 15 min. If the sperm has not been lique�ed in 1 h, it would be recorded as “semen not
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lique�ed.” After liquefaction, 10 µL of sperm was taken and placed on a special glass slide for human sperm. A computer-
aided analysis system (SCA CASA System; Microptic SL, Barcelona, Spain) was then used to analyze the sperm
concentration (million/mL), forward motility sperm% (progressive motility) and total sperm count. The calculation formula
for the total sperm count is as follows:

Total sperm count (million) = sperm concentration (million/mL) × semen volume (mL)

2.3 Assessment of mental health status (anxiety scale)
The Generalized Anxiety Disorder Scale (GAD-7) was used to assess anxiety symptoms and has been proven to be a valid
and e�cient tool for screening anxiety and its severity[31]. It is a 7-item self-report scale, and the items are scored on a 4-
point scale ranging from 0 to 3. Participants rated the items according to their situation during the preceding two weeks.
Total scores of 5–9 and ≥ 10 indicate mild and moderate-to-severe anxiety symptoms, respectively[32]. The reliability and
validity of the simpli�ed Chinese version of GAD-7 have been demonstrated[33, 34].

2.4 Statistical analysis
First, for continuous variables, the nonparametric Mann–Whitney U detection method was used for analysis between
groups because most of the data do not conform to the normal distribution. For categorical variables, the chi-square test
was used for comparison between groups.

Second, in order to verify the stability of our results, we used different regression models to examine the relationship
between anxiety symptoms and semen quality indicators. Linear regression and logistic regression analyses were used for
the association analysis between anxiety and semen parameters. When using the logistic regression analysis model, four
semen parameters (sperm concentration, semen volume, total sperm count and progressive motility) were all divided into
two categories: quali�ed and unquali�ed, according to the “WHO Human Semen Inspection and Processing Laboratory
Manual” (2015 �fth edition) [35]. The linear regression model directly incorporated the values of semen quality indicators
into the regression model according to continuous variable data and anxiety symptoms into the model according to
dichotomous variable data[36]. Among them, four semen quality outcome indexes were adjusted by smoking, drinking and
BMI, which were reported by a large number of studies to have an impact on semen quality [37–41]. Other covariables were
�ltered according to the screening principle of published articles. We chose these confounders because of their association
with the outcome of the bene�t or because the estimated effects varied by more than 10%[42, 43]. Supplementary Tables
S1–S4 show the association of each confounding factor with the relevant results.

Third, interaction terms were used to investigate whether the association between anxiety status and various indexes of
semen quality differed according to smoking, drinking, marriage and debt pressure.

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. We used multiple regression algorithm to process the covariant data.[44]

Statistical signi�cance was considered at P < 0.05. All statistical analyses were performed using EmpowerStats
(http://www.empowerstats .com) and the statistical package R(4.03 version).

3. Results

3.1 Prevalence of anxiety
According to the GAD-7 scoring rules, the number of individuals with anxiety symptoms was 155 (17.3%), and the number
of individuals without anxiety symptoms was 741 (82.7%).

3.2 Participant characteristics and semen parameter analysis
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The baseline characteristics of the study population are presented in Table 1. No difference was observed in terms of age,
weight, smoking, drinking, education and marriage between the non-anxiety group and anxiety group. However, the BMI
and repayment pressure were higher in the non-anxiety group than in the anxiety group (P < 0.05).

Table 1
Characteristics of the study subjects by anxiety status category.

Parameter Anxiety status P-value

Non-anxiety(n = 741) Anxiety(n = 155)

Age(y) 25.12 ± 4.80 25.71 ± 4.85 0.100

Weight (kg) 66.56 ± 9.36 68.76 ± 10.36 0.015*

BMI(kg/m2) 21.93 ± 2.83 22.66 ± 3.20 0.004*

Smoking     0.055

Yes 568 (76.65 110(70.97)  

NO 173 (23.35) 45 (29.03)  

Drinking     0.214

Yes 120 (16.81) 32 (20.65)  

NO 594 (83.19) 123(79.35)  

Education     0.167

High school and lower 140(20.24) 43(27.75)  

Junior college 756(76.52) 103(66.45)  

Undergraduate and higher 24(3.23) 9(5.81)  

Marriage     0.775

YES 104(14.04) 25(16.13)  

NO 637(85.96) 130(83.87)  

In debt     < 0.0001

Yes 340 (45.88) 57(36.77)  

NO 401 (54.12) 98 (63.23)  

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
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Table 2
Distribution of semen quality parameters by anxiety status category.

Parameter Anxiety status P-value

Non-anxiety(n = 741) Anxiety(n = 155)

Progressive motility 38.50 ± 17.00 50.86 ± 12.45 < 0.001*

Semen concentration 47.21 ± 30.76 56.81 ± 32.70 < 0.001*

Semen volume 3.04 ± 1.69 3.58 ± 1.65 < 0.001*

Total sperm count 6.56 ± 1.63 7.29 ± 1.23 < 0.001*

Abstinence time 5.15 ± 2.49 5.37 ± 3.18 0.514 *

Semen quality     < 0.001

Below standard 692 (93.39) 26 (16.77)  

Up to standard 49 (6.61) 129 (83.23)  

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

 

In this study, a total of 896 quali�ed volunteer sperm donors were selected from 1,236 participants, and the quali�ed rate
of the questionnaire was 72%. Men with anxiety status (N = 155; 17.3%) had lower sperm concentration (56.81 ± 32.70 vs.
47.21 ± 30.76 [106/mL]), sperm volume (3.58 ± 1.65 vs. 3.04 ± 1.69 [mL], P < 0.001), total sperm count (7.29 ± 1.23 vs. 6.56 
± 1.63 [106], P < 0.001), and progressive motility (50.86 ± 12.45 vs. 38.50 ± 17.00 [%], P < 0.001) than those without anxiety
(Table 2).

3.3 Association of anxiety level and semen quality
The results of logistic regression analysis (Table 3) showed that, anxiety group had 6.64 (95% CI 3.47, 12.72, P < 0.001)
lower sperm concentration, 11.97 (95% CI 6.48, 22.09, P < 0.001) lower sperm volume, 4.50 (95% CI 2.74, 7.38, P < 0.001)
lower total sperm count and 17.60(95% CI 11.46, 27.04, P < 0.0001)lower than non-anxiety group. After adjusting the
variables according to the adjustment strategy, anxiety group had 68.10 (95% CI 3.44, 13.49, P < 0.001) lower sperm
concentration, 12.87 (95% CI 6.80, 24.37, P < 0.001) lower sperm volume, 4.83 (95% CI 2.84, 8.21, P < 0.001) lower total
sperm count and 22.95 (95% CI 14.01, 37.59, P < 0.0001) lower progressive motility than non-anxiety group.

The results of linear regression analysis (Table 4) were similar to those of logistic regression analysis. Compared with non-
anxiety group, sperm concentration decreased by 9.60 (95% CI 4.00, 15.21, P = 0.0047), semen volume decreased by (95%
CI 0.28%, 0.86%, P < 0.001), total sperm count decreased by 58.69 (95% CI 31.30, 86.08, P = 0.003) and forward motility
decreased by 12.36(95% CI 10.05, 14.67, P < 0.001). After adjusting for the covariates of each outcome measure according
to the screening principle, sperm concentration decreased by 8.13 (95% CI 2.51, 13.75, P = 0.0047), semen volume
decreased by 0.49 (95% CI 0.20, 0.79, P < 0.001), total sperm count decreased by 51.05 (95% CI 23.43, 78.68, P = 0.003)
and forward motility decreased by 12.15 (95% CI 9.80, 14.51, P < 0.001). The results above suggest that anxiety symptoms
are negatively associated with semen quality of individuals.

http://www.empowerstats/
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Table 3
Correlation analysis of anxiety and semen parameters (Logistics regression analysis)

Model Variables Sperm
concentration

Semen volume Total sperm count Progressive motility

OR(95%
CI)

p
value

OR (95%
CI)

p
value

OR(95%
CI)

p
value

OR(95% CI) p value

  Anxiety                

Crude NO Reference   Reference   Reference   Reference  

  YES 6.64

(3.47,
12.72)

< 
0.001

11.97

(6.48,
22.09)

< 
0.001

4.50

(2.74,
7.38)

< 
0.001

19.70

(12.55,
30.93)

< 0.001

Adjustedb Anxiety                

  NO Reference   Reference   Reference   Reference  

  YES 6.81

(3.44,
13.49)

< 
0.001

12.87

(6.80,
24.37)

< 
0.001

4.83

(2.84,
8.21)

< 
0.001

22.95

(14.01,
37.59)

< 0.001

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

 

Table 4
Correlation analysis of anxiety and semen parameters (Linear regression analysis)

Model Variables Sperm
concentration

Semen volume Total sperm
count

Progressive
motility(%)

(×106/mL)
(95% CI)

p
value

(mL )
(95% CI)

p
value

(×106 )
(95% CI)

P
value

(95% CI) p value

  Anxiety                

Crude NO Reference   Reference   Reference   Reference  

  YES -9.60

(-15.21,
-4.00)

= 
0.009

-0.57

(-0.86,
-0.28)

< 
0.001

-58.69

(-86.08,
-31.30)

< 
0.001

-12.36

(-14.67,
-10.05)

< 0.001

Adjustedb Anxiety                

  NO Reference   Reference   Reference   Reference  

  YES -8.13

(-13.75,
-2.51)

= 
0.005

-0.49

(-0.79,
-0.20)

< 
0.001

-51.05

(-78.68,
-23.43)

= 
0.003

-12.15

(-14.51,
-9.80)

< 0.001

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/
http://www.empowerstats/
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3.4 Association of anxiety state and debt pressure
Debt has been reported to increase the detection rate of anxiety symptoms[45, 46]. To analyze the effect of debt pressure on
each symptom in the GAD-7 scale, we calculated the scores of each GAD-7 item in the study. The results are shown in Fig.
2. Among the seven anxiety scale test indicators, a statistical difference was observed between those with debt pressure
and those without debt pressure in terms of predictors of being easily upset (P < 0.05, Fig. 2).

To further identify the in�uence of debt pressure and anxiety on semen quality, we adjusted the relevant covariables
according to the adjustment strategy of the previous methodology, as shown in table A1–A 4. The results of strati�ed
analysis and interactive test showed that smoking, alcohol consumption, marriage and anxiety did not interact with the
in�uence of semen concentration and total sperm count. Among them, smoking was a risk factor affecting semen quality.
However, an interaction was observed between anxiety and debt pressure on semen concentration and total sperm count,
respectively (p for interaction = 0.016, p for interaction = 0.023; Fig. 3 and Fig. 4).

The results of subgroup analysis showed that smoking, drinking, marriage, and debt pressure between the anxiety level of
semen volume and forward motility two without modifying function the in�uence of semen quality indicators, as �gure A 5
and A 6.

4. Discussion
This study showed that anxiety symptoms were detected in 17.3% of the study population, and the detection rate of
anxiety symptoms in medical staff in China during the COVID-19 period ranged from 12–30%[47]. According to previous
study, the detection rate of anxiety symptoms in the general population was 15.8%[48]. The results of this study are
consistent with the reported detection rate in the general population[47, 48].

This cross-sectional study on 896 males from the general population found a negative relation between high levels of
anxiety and semen parameters (semen volume, sperm concentration, total sperm count and forward motility), which is
consistent with the results of the previous survey of infertile men. For example, studies found that male semen quality was
negatively associated with anxiety symptoms in azoospermic men [49]. Likewise, another study found that anxiety
symptoms are negatively associated with semen volume and the forward motility[50]. Anxiety can affect semen quality,
and thus affect male fertility [51, 52].

Current epidemiological data regarding anxiety and male semen quality is limited. Although the prevailing majority of
available evidences indicate a negative correlation between anxiety levels and semen parameters. However, such
epidemiological study has one shortcoming. Remarkably, all research subjects are infertile people, and thus their
psychological and reproductive health conditions are quite different from those of the general population. This type of
research is most prone to volunteer selection bias. On the one hand, reproductive problems in this population are inherently
heterogeneous, and their fertility tends to be less than that of the general population. On the other hand, it is di�cult to
distinguish between anxiety as a cause or a consequence of semen quality decline in such subjects[53].

Therefore, the results of this study provide new evidence for the relationship between anxiety symptoms and male semen
quality in ordinary men.

In addition, the impact of the epidemic on economic income cannot be ignored. In today’s society, with the development of
social economy, people’s consumption concept is also changing. Many people advocate excessive consumption[29].
However, the sudden onset of the epidemic has cut off many people’s income sources and increased debt pressure, which
has been shown to increase mental and physical health burden[54, 55]. The greater the debt burden is, the higher the health
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risk will be. Debt was found to be related to higher scores on SF-36, a measure of physical and mental health[56, 57]. No
study has reported the relationship between debt pressure and semen quality. In the present study, we found that anxiety
symptoms and debt pressure had an interactive effect on semen quality in the anxiety group. We also found that the
semen quality level of individuals with debt pressure was signi�cantly decreased compared with those without debt
pressure, and the difference was statistically signi�cant. Studies have reported that borrowing money is a risk factor for
psychological anxiety, which means that the detection rate of anxiety symptoms will be higher in individuals under debt
pressure. Studies have reported that economic pressure may be associated with male sexual dysfunction[58, 59].

This study reveals the following three points: 1. Main effect: Anxiety state is negatively related to sperm density; 2.
Modi�cation effect: Debt stress can aggravate the negative impact of depression on semen quality. 3. Interaction: If the
two states of debt and depression exist at the same time, the negative effect on the quality of individual semen is far
greater than the negative effect of debt or anxiety alone.

Our research results show that when major public health incidents occur, it is necessary to pay attention to the mental
state of men at childbearing age and to provide timely psychological counseling for those with anxiety symptoms. The
results of this study have provided a certain supplement to the research data on the impact of anxiety on the quality of
men’s semen, and enriched the results of the population data of such studies at the time of major public health events.

4.1. Strengths and limitations

Our study has several strengths. First, this study involved a large population, including volunteers from seven sperm banks
in China, and investigators from about nine provinces, including southern and northern regions. The results of the
promotion can be more close to the characteristics of the Chinese male population. Second, in addition to the
questionnaire survey, we also obtained the clinical data of the semen quality test of the surveyors, which have not been
reported on the COVID-19 population at present. Third, as shown in our data analysis results, the results of this study are
stable, and the results of logistic regression are consistent with those of linear regression. Finally, our study took into
account the interaction between economic stress and semen quality and adjusted for confounding factors such as age,
BMI, occupation, education level, �nancial stress, and fear of COVID-19 infection.

Several limitations should be noted. First, the study included volunteer sperm donors aged 18 to 42 years, and the results
could not be extrapolated to all men. Second, this study is a cross-sectional study, and the results cannot be used for
causal explanation. Third, due to the severe period of the epidemic, some areas (such as Wuhan) adopted the crowd
management measures. Thus, there were few or no surveyors in the area, which may have a certain in�uence on the
results.

Conclusion
In conclusion, the study revealed that during the COVID-19 pandemic, anxiety symptoms were negatively associated with
semen quality. Furthermore, there was a synergistic effect between debt stress and anxiety exposure on the prevalence of
sperm concentration and total sperm count. These results indicate that reproductive age men with anxiety and debt
pressure are more susceptible to perm concentration and total sperm count. Our research results show that when major
public health incidents occur, it is necessary to pay attention to the mental state of men at childbearing age and to provide
timely psychological counseling for those with anxiety symptoms. The results of this study have provided a certain
supplement to the research data on the impact of anxiety on the quality of men’s semen, and enriched the results of the
population data of such studies at the time of major public health events.

Abbreviations
GAD-7 the Generalized Anxiety Disorder Scal
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WHO World Health Organization

IVF in vitro fertilization

CI con�dence interval

BMI Body Mass Index

OR odds ratio
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Figure 1

Flow chart of the article design
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Figure 2

The distribution of GAD-7 anxiety symptoms among respondents who were in debt and non-debt

Figure 3

The results of subgroup analyses on the association of sperm concentration with the risk of anxiety levels. This table with
YIER statistical software (www.empowerstats.com) and R software generated, generate date: 2020-11-1 Abbreviations: OR,
odds ratio; CI, con�dence interval.
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Figure 4

The results of subgroup analyses on the association of total sperm count with the risk of anxiety levels. This table with
YIER statistical software (www.empowerstats.com) and R software generated, generate date: 2020-11-1 Abbreviations: OR,
odds ratio; CI, con�dence interval.
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