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Purpose:Purpose: Whether COVID-19 reduces male fertility remains requires further investigation. This meta-analysis and systematic 
review evaluated the impact of COVID-19 on male fertility.
Materials and Methods:Materials and Methods: The literature in PubMed, Embase, MEDLINE, Web of Science, and Cochrane Library up to January 
01, 2022 was systematically searched, and a meta-analysis was conducted to investigate the effect of COVID-19 on male fer-
tility. Totally 17 studies with a total of 1,627 patients and 1,535 control subjects were included in our meta-analysis.
Results:Results: Regarding sperm quality, COVID-19 decreased the total sperm count (p=0.012), sperm concentration (p=0.001), 
total motility (p=0.001), progressive sperm motility (p=0.048), and viability (p=0.031). Subgroup analyses showed that dif-
ferent control group populations did not change the results. It was found that during the illness stage of COVID-19, semen 
volume decreased, and during the recovery stage of COVID-19, sperm concentration and total motility decreased <90 days. 
We found that sperm concentration and total motility decreased during recovery for ≥90 days. Fever because of COVID-19 
significantly reduced sperm concentration and progressive sperm motility, and COVID-19 without fever ≥90 days, the sperm 
total motility and progressive sperm motility decreased. Regarding disease severity, the moderate type of COVID-19 sig-
nificantly reduced sperm total motility, but not the mild type. Regarding sex hormones, COVID-19 increased prolactin and 
estradiol. Subgroup analyses showed that during the illness stage, COVID-19 decreased testosterone (T) levels and increased 
luteinizing hormone levels. A potential publication bias may have existed in our meta-analysis.
Conclusions:Conclusions: COVID-19 in men significantly reduced sperm quality and caused sex hormone disruption. COVID-19 had 
long-term effects on sperm quality, especially on sperm concentration and total motility. It is critical to conduct larger multi-
center studies to determine the consequences of COVID-19 on male fertility.
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INTRODUCTION

The SARS-CoV-2 virus infection caused coronavirus 
disease 2019 (COVID-19) has spread rapidly and led to 
a global pandemic in 2019 [1], causing more than 200 
million infections and millions of deaths [2]. This ongo-
ing pandemic is a significant challenge to healthcare 
systems and damages economic development and social 
stability [3,4]. Many researchers have conducted studies 
on the biological features of COVID-19, and many stud-
ies have elucidated the pathogenesis and mechanisms 
of this pandemic disease after its onset.

SARS-CoV-2 virus is a single-strand RNA virus 
that infects host cells mainly by using angiotensin-
converting enzyme 2 (ACE-2) or transmembrane serine 
protease 2 (TMPRSS2) as receptors, which are widely 
expressed in various systems and make these tissues 
prone to infection [5,6]. Some researchers have verified 
that ACE-2 is expressed in Leydig cells, Sertoli cells, 
and the germ line, which are closely related to sperm 
development [7]. Therefore, the level of ACE-2 in the 
testes indicates that SARS-CoV-2 virus attacks not 
only the respiratory system, but also the reproductive 
system. Such studies may explain why SARS-CoV-2 
is present in the testes. Li et al [8] tested 38 semen 
samples from patients using reverse transcription-poly-
merase chain reaction (RT-PCR), and 6 samples (from 
patients in the acute and recovery stages of infection) 
were positive for COVID-19. A recent study performed 
by Delaroche et al [9] indicated that among 32 COV-
ID-19 patients, the semen from one patient tested posi-
tive for the virus. Several studies have indicated that 
COVID-19 may impair the testes and quality of sperm 
and sex hormones [10,11].

Donders et al [12] demonstrated that sperm were 
damaged after COVID-19 but recovered over time. 
Ruan et al [13] found that sperm quality decreased in 
COVID-19 patients, and was significantly decreased 
in patients with longer recovery times. However, the 
level of sex hormones did not change. The effect of CO-
VID-19 on sperm quality and changes in sex hormones 
over time remains inconclusive. Therefore, we conduct-
ed a more comprehensive meta-analysis to evaluate 
the effects and recovery time from COVID-19 on sperm 
quality and sex hormones, and how the disease affects 
male fertility.

MATERIALS AND METHODS

This systematic review and Meta-snalysis was regis-
tered in the International Platform of Registered Sys-
tematic Review and Meta-analysis Protocols (INPLASY) 
with registration number INPLASY202210110.

1. Literature search
Meta-analysis and systemic review were conducted 

using the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement 
guidelines [14]. A comprehensive literature search was 
conducted in PubMed, Embase, MEDLINE, Web of 
Science, and Cochrane Library up to January 01, 2022. 
The search terms were as follows: (“SARS-CoV-2” OR 
“COVID-19” OR “Severe acute respiratory syndrome-
coronavirus 2” OR “2019-nCoV” OR “Coronavirus”) 
AND (“Sperm” OR “Semen” OR “Sperm quality” OR 
“Seminal” OR “Testes” OR “Testicular” OR “Male fer-
tility” OR “follicle-stimulating hormone” OR “FSH” 
OR “luteinizing hormone” OR “LH” OR “prolactin” OR 
“PRL” OR “Testosterone” OR “T” OR “oestradiol” OR 
“estradiol” OR “E2”).

2. Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) the study 

must contain information on the relationship between 
COVID-19 and male fertility; (2) the study must have 
available data to estimate the relative risk and 95% 
confidence interval (CI) and the study must include a 
COVID-19 negative control group; (3) the study must 
include human male subjects; and (4) the study’s sperm 
parameters must have been assessed according to the 
World Health Organization 2010 guidelines [15]. The 
exclusion criteria were as follows: (1) review articles, 
case reports, and basic science reports; (2) duplicated 
studies; (3) insufficient raw data; and (4) raw data that 
were not transformed into mean±standard deviation 
(SD).

3. Data extraction
Two investigators extracted data independently fol-

lowing the inclusion and exclusion criteria and reached 
a consensus on each data point. The data extracted 
included author name, year, country, design, popula-
tion, sample size, main outcome, mean±SD and 95% CI, 
and median (min–max) or median (interquartile range 
[IQR]).
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4. Quality assessment
The Newcastle–Ottawa scale (NOS) [16] was used to 

assess the quality of case-control studies and scores of 
0–3, 4–6, and 7–8 were assigned for low, moderate, and 
high quality, respectively. The Agency for Health Care 
Research and Quality (AHRQ) statement was used to 
assess a cross-sectional study [16,17], and we scored the 
number of “yes” statements less than 4 as low, 5–7 as 
moderate, and 8–11 as high-quality research.

5. Statistical analysis
We used the standard mean difference (SMD) and its 

corresponding 95% CI to assess the effect of COVID-19 
on sperm quality and sex hormone levels. p<0.05 was 
considered statistically significant. Data are presented 
as median (min–max) or median (IQR) and were trans-
formed into mean±SD according to Luo et al [18] and 
Wan et al [19].

We used the Q-test to evaluate heterogeneity among 
different studies, and p<0.05 was recognized as statis-
tically significant. We quantified this inconsistency 
using the I2 statistic. When heterogeneity was not sig-
nificant, a fixed effects model was used; otherwise, a 
random effects model was chosen.

6. Publication bias assessment
Funnel plots, Begg’s test, and Egger’s test were used 

to detect possible publication biases. Sensitivity analy-
ses were performed to assess the possible causes of het-
erogeneity in the results.

7. Subgroup analyses
Differences in the populations of the control group 

may result in different baselines of fertility. To inves-
tigate the influence of COVID-19 on patients compared 
with different control group populations (healthy pop-
ulation, or with the patients themselves before and af-
ter infection with COVID-19), subgroup analyses were 
conducted based on the control group population.

To evaluate the potential effects of age, different 
stages, with or without fever, and the disease severity 
of COVID-19 on male fertility, the following investiga-
tion was conducted. We performed subgroup analyses 
based on the effects of age (≥50 y, and <50 y), different 
stages (period of illness stage, recovery time <90 d, and 
recovery time ≥90 d), with or without fever, and dif-
ferent disease severities of COVID-19 on sperm quality 
and sex hormones. To evaluate the association between 
COVID-19 infection and male fertility purely as rather 

Fig. 1. Flowchart of the literature selec-
tion.
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than the association between COVID-19 infection 
as a febrile illness and male fertility, we performed 
subgroup analyses based on different stages among 
without fever infected individuals. According to the 
included studies, the mild symptomatic defined as mild 
symptoms without radiographic features (outpatient 
treatment), and moderate disease was defined as fever, 
respiratory symptoms (SpO2 <93%, requiring hospital-
ization for oxygen therapy) and radiographic features, 
and the severe cases met one of the following three 
criteria: (1) dyspnea, with a respiratory rate ≥30 times/
min, (2) oxygen saturation ≤93% at rest, or (3) PaO2/
FiO2 ≤300 mmHg. All meta-analyses were performed 
using the STATA software (Version 12.0; Stata Corpo-
ration, College Station, TX, USA).

RESULTS

1. Study characteristics
Based on the search strategy, we identified 861 po-

tential studies in the databases (Fig. 1). After excluding 
duplicate publications, 232 studies were included in the 
meta-analysis. After the records were screened for re-
trieval, 79 studies were considered eligible. Among the 
79 studies, 62 articles were excluded: 29 studies were 
reviews or meta-analyses; 2 articles were about CO-
VID-19 vaccine treatment for semen infection; 8 studies 
were on women, children, or animals; 14 studies did not 
have a healthy control group; 6 studies did not present 
raw data; and 3 articles provided raw data that could 
not be transformed into the mean±SD. Ultimately, 17 
studies were included in our meta-analysis, with a total 
of 1,627 patients and 1,535 healthy or COVID-19-nega-
tive controls. Detailed information on the 17 studies is 
listed in Table 1 [13,20-35].

2. Study quality
All included studies were of high quality. The details 

of the quality assessment are shown in Supplement 
Table 1 and Supplement Table 2.

3.  Effects of COVID-19 on sperm quality and 
sex hormones

Regarding sperm quality, the combined results 
showed that COVID-19 decreased the total sperm count 
(SMD, -0.411; 95% CI, -0.730 to -0.091; p=0.012) (Table 
2, Fig. 2A), sperm concentration (SMD, -0.416; 95% CI, 
-0.652 to -0.180; p=0.001) (Table 2, Fig. 2B), total motility Ta
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(SMD, -0.605; 95% CI, -0.963 to -0.247; p=0.001) (Table 2, 
Fig. 2C), progressive sperm motility (SMD, -0.372; 95% 
CI, -0.740 to -0.003; p=0.048) (Table 2, Fig. 2D), and vi-
ability (SMD, -0.665; 95% CI, -1.268 to -0.061; p=0.031) 
(Table 2, Fig. 2E). However, the combined results 
showed that COVID-19 did not affect semen volume, 
nonprogressive sperm motility, immotility, and normal 
morphology.

The combined results showed that COVID-19 in-
creased prolactin (PRL) levels (SMD, 0.305; 95% CI, 0.045 
to 0.566; p=0.022) (Table 2, Fig 3A) and estradiol (E2) 

levels (SMD, 0.652; 95% CI, 0.254 to 1.049; p=0.001) (Table 
2, Fig. 3B). However, the combined results showed that 
COVID-19 did not affect follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), or testosterone (T).

Subgroup analyses were conducted based on age. The 
results showed that serum PRL were increased in <50 
years old COVID-19 patients, and serum E2 were in-
creased in ≥50 years old COVID-19 patients. The serum 
T were decreased in ≥50 years old COVID-19 patients. 
Regarding sperm quality, all included patients <50 
years old and not suitable for the age-based subgroup 

Table 2. Effects of COVID-19 on sperm quality and sex hormones

All patients vs. healthy individuals No. p-valuea SMD (95% CI) I2 (%) p-valueb p-valuec

Semen volume (mL) 9 0.931 0.023 (-0.502 to 0.549) 94.8 0.903 0.630
Total sperm count (×106) 8 0.012 -0.411 (-0.730 to -0.091) 84.4 0.903 0.011
Sperm concentration (×106/mL) 11 0.001 -0.416 (-0.652 to -0.180) 73.2 0.528 0.015
Total motility (%) 7 0.001 -0.605 (-0.963 to -0.247) 73.9 0.677 0.702
Progressive sperm motility (%) 8 0.048 -0.372 (-0.740 to -0.003) 76.1 >0.999 0.382
Nonprogressive sperm motility (%) 2 0.788 -0.078 (-0.647 to -0.491) 0.0 0.317 -
Immotile sperm (%) 3 0.166 0.310 (-0.129 to 0.749) 25.3 >0.999 0.890
Normal morphology (%) 3 0.312 -0.508 (-1.493 to 0.477) 97.3 0.807 0.695
Viability (%) 3 0.031 -0.665 (-1.268 to -0.061) 75.1 0.497 0.672
Serum FSH (IU/L or mIU/mL) 8 0.764 0.032 (-0.179 to 0.244) 68.2 0.458 0.720
Serum LH (IU/L or mIU/mL) 8 0.121 0.360 (-0.095 to 0.814) 93.4 0.805 0.435
Serum PRL (ng/mL) 4 0.022 0.305 (0.045 to 0.566) 5.9 >0.999 0.725
Serum T (ng/mL or ng/dL) 10 0.119 -0.486 (-1.098 to 0.125) 97.1 0.788 0.152
Serum E2 (pg/mL) 3 0.001 0.652 (0.254 to 1.049) 71.9 0.602 0.620

No.: number of studies, SMD: standard mean difference, CI: confidence interval, FSH: follicle-stimulating hormone, LH: luteinizing hormone, PRL: 
prolactin, T: testosterone, E2: estradiol, -: not available.
ap-value of effect. bp-value of Begg’s test for publication bias. cp-value of Egger’s test for publication bias.
The bold values indicate statistical significance (p<0.05).

Fig. 2. Representative forest plots of ef-
fects of COVID-19 on sperm quality. (A) 
Total sperm count in the overall analysis. 
(B) Sperm concentration in the overall 
analysis. (C) Total motility in the overall 
analysis. (D) Progressive sperm motil-
ity in the overall analysis. (E) Viability in 
the overall analysis. (F) Total motility in 
subgroup analysis of recovery time more 
than 90 days. SMD: standard mean dif-
ference, CI: confidence interval, NAC: N-
acetyl cysteine.
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Fig. 2. Continued 1
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analyses. The results of subgroup analyses are present-
ed in Table 3.

Subgroup analyses were conducted on the control 
group. The results showed that sperm count and sperm 

concentration were both decreased in COVID-19 pa-
tients regardless of whether the healthy population or 
the patients themselves were negative for COVID-19. 
Regarding sex hormones, there were insufficient data 

Fig. 2. Continued 2
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Fig. 3. Representative forest plots of ef-
fects of COVID-19 on sex hormones. (A) 
Serum PRL in the overall analysis. (B) 
Serum E2 in the overall analysis. SMD: 
standard mean difference, CI: confidence 
interval, PRL: prolactin, E2: estradiol.
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Table 3. Subgroup analysis of effects of age of COVID-19 on sex hormones

Variable Subgroup (y) No. p-valuea SMD (95% CI) I2 (%) p-valueb p-valuec

Serum FSH (IU/L or mIU/mL) <50 5 0.897 0.011 (-0.154 to 0.176)   0.0 0.142 0.200
≥50 3 0.920 -0.026 (-0.523 to 0.472) 90.5 0.602 0.741

Serum LH (IU/L or mIU/mL) <50 5 0.235 0.433 (-0.310 to 1.176) 93.1 >0.999 0.010
≥50 3 0.452 0.239 (-0.384 to 0.861) 93.9 0.602 0.571

Serum PRL (ng/mL) <50 3 0.039 0.316 (0.015 to 0.616) 29.1 >0.999 0.483
≥50 1 - - - - -

Serum T (ng/mL or ng/dL) <50 6 0.241 -0.144 (-0.386 to 0.097) 55.4 0.851 0.501
≥50 4 0.045 -1.006 (-1.989 to -0.24) 97.7 0.174 0.067

Serum E2 (pg/mL) <50 1 - - - - -
≥50 2 <0.001 0.838 (0.674 to 1.001)   0.0 0.317 -

No.: number of studies, SMD: standard mean difference, CI: confidence interval, FSH: follicle-stimulating hormone, LH: luteinizing hormone, PRL: 
prolactin, T: testosterone, E2: estradiol, -: not available.
ap-value of effect. bp-value of Begg’s test for publication bias. cp-value of Egger’s test for publication bias.
The bold values indicate statistical significance (p<0.05).

Table 4. Subgroup analysis of effects of different control groups of COVID-19 on sperm quality and sex hormones

Variable Subgroup No. p-valuea SMD (95% CI) I2 (%) p-valueb p-valuec

Volume (mL) Healthy control 4 0.068 -0.022 (-0.47 to 0.02) 25.3 0.652 0.868
Self control 5 0.604 0.256 (-0.71 to 1.22) 97.7 0.573 0.502

Total sperm count (×106) Healthy control 5 0.001 -0.315 (-0.508 to -0.123) 0.0 0.099 0.069
Self control 3 0.023 -0.597 (-1.112 to -0.081) 91.6 0.327 0.153

Sperm concentration (×106/mL) Healthy control 7 <0.001 -0.339 (-0.516 to -0.162) 0.0 0.180 0.323
Self control 4 0.005 -0.547 (-0.932 to -0.161) 85.6 0.348 0.107

Total motility (%) Healthy control 3 0.001 -0.734 (-1.181 to -0.287) 75.0 0.851 0.841
Self control 4 0.204 -0.356 (-0.905 to 0.193) 63.9 0.602 0.224

Progressive sperm motility (%) Healthy control 5 0.173 -0.336 (-0.821 to 0.148) 79.8 0.851 0.586
Self control 3 0.197 -0.441 (-0.740 to 0.229) 75.4 0.602 0.249

Nonprogressive sperm motility (%) Healthy control 1 - - - - -
Self control 1 - - - - -

Immotile sperm (%) Healthy control 2 0.420 -0.027 (-0.647 to 0.593) 0.0 0.117 0.033
Self control 1 - - - - -

Normal morphology (%) Healthy control 1 - - - - -
Self control 2 0.308 -0.558 (-1.630 to 0.514) 98.0 0.734 0.483

Viability (%) Healthy control 3 0.031 -0.665 (-1.268 to -0.061) 75.1 0.497 0.672
Self control 0 - - - - -

Serum FSH (IU/L or mIU/mL) Healthy control 6 0.905 0.015 (-0.238 to 0.269) 72.2 0.573 0.684
Self control 2 0.659 0.088 (-0.304 to 0.480) 0.0 0.317 -

Serum LH (IU/L or mIU/mL) Healthy control 6 0.110 0.440 (-0.099 to 0.978) 95.0 0.851 0.663
Self control 2 0.654 0.090 (-0.302 to 0.482) 0.0 0.317 -

Serum PRL (ng/mL) Healthy control 3 0.006 0.424 (0.122 to 0.726) 0.0 0.497 0.571
Self control 1 - - - - -

Serum T (ng/mL or ng/dL) Healthy control 8 0.124 -0.211 (-0.827 to 0.405) 97.7 0.322 0.212
Self control 2 0.502 -0.547 (-1.243 to 0.150) 57.7 0.317 -

Serum E2 (pg/mL) Healthy control 3 0.001 0.652 (0.254 to 1.049) 71.9 0.602 0.620
Self control 0 - - - - -

No.: number of studies, SMD: standard mean difference, CI: confidence interval, FSH: follicle-stimulating hormone, LH: luteinizing hormone, PRL: 
prolactin, T: testosterone, E2: estradiol, -: not available.
ap-value of effect. bp-value of Begg’s test for publication bias. cp-value of Egger’s test for publication bias.
The bold values indicate statistical significance (p<0.05).
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for the subgroup analyses. The results of subgroup 
analyses are presented in Table 4.

4.  Effects of difference stages of COVID-19 on 
sperm quality and sex hormones

We conducted a subgroup analysis to investigate the 
effects of different stages of COVID-19 on sperm qual-
ity and sex hormones. The results showed that during 
the illness stage of COVID-19, the infection decreased 
seminal volume (SMD, -0.755; 95% CI, -0.948 to -0.562; 
p<0.001) (Table 5). During the recovery stage of COV-
ID-19 <90 days, sperm concentration (SMD, -0.271; 95% 
CI, -0.508 to -0.035; p=0.025) (Table 5) and total motility 
(SMD, -0.413; 95% CI, -0.664 to -0.163; p=0.001) (Table 5) 
decreased.

During the recovery stage of COVID-19 >90 days, 
sperm concentration (SMD, -0.389; 95% CI, -0.698 to 
-0.081; p=0.013) (Table 5) and total motility (SMD, -0.680; 
95% CI, -1.231 to -0.130; p=0.015) decreased (Table 5, Fig. 
2F).

Regarding sex hormones, the subgroup analysis 
showed that during the illness stage of COVID-19, the 
LH level increased (SMD, 0.417; 95% CI, 0.002 to 0.833; 
p=0.049) (Table 5), and the T level decreased (SMD, 
-1.021; 95% CI, -1.986 to -0.055; p=0.038) (Table 5). In the 
recovery stage, COVID-19 did not affect sex hormone 
levels. However, studies on the effect of different stag-
es of COVID-19 on sex hormones are limited. Therefore, 
these results should be interpreted cautiously.

5.  Effects of COVID-19 with or without fever 
on sperm quality and sex hormones

Subgroup analysis was performed to investigate the 
effects of COVID-19 with or without fever on sperm 
quality and sex hormones. The results showed that CO-
VID-19 with fever significantly reduced sperm concen-
tration (SMD, -0.457; 95% CI, -0.847 to -0.067; p=0.022) 
and progressive sperm motility (SMD, -0.697; 95% CI, 
-1.229 to -0.164; p=0.010), but that this was not the case 
in the group without fever. Regarding sex hormones, 
there were insufficient data for the subgroup analyses. 
The results of subgroup analyses are shown in Table 6.

We performed subgroup analyses based on different 
stages among without fever infected individuals. The 
results showed that COVID-19 without fever >90 days, 
the sperm total motility and progressive sperm motility 
decreased. Regarding sex hormones, there was insuf-
ficient data for the subgroup analyses. The results of 

subgroup analyses are shown in Table 7.

6.   Effects of disease severity of COVID-19 on 
sperm quality and sex hormones

Subgroup analysis was performed to investigate the 
effects of disease severity of COVID-19 on sperm qual-
ity and sex hormones. The results showed that the 
moderate type of COVID-19 significantly reduced total 
sperm motility (SMD, -0.953; 95% CI, -1.618 to -0.289; 
p=0.005), but that this was not the case in the mild 
type. For sex hormones and the severity of COVID-19, 
there were insufficient data for subgroup analyses. 
The results of subgroup analyses are shown in Table 8.

7. Sensitivity analyses
Sensitivity analyses of sperm quality (volume, sperm 

concentration [Fig. 4A], total sperm count, progressive 
sperm motility, non-progressive sperm motility, total 
motility, immotility, normal morphology, viability) and 
sex hormones (FSH, LH, PRL [Fig. 4B], T, and E2) were 
performed. The results showed that no single study in-
fluenced the total effects, indicating the robustness of 
the results of this study.

8. Publication bias
Funnel plots (Fig. 5) and Begg’s test (Fig. 6) did not 

provide evidence of publication bias for sperm quality 
(volume, sperm concentration, total sperm count, pro-
gressive sperm motility, nonprogressive sperm motility, 
total motility, immotility, normal morphology, and vi-
ability) and sex hormones (FSH, LH, PRL, T, and E2) 
(Table 2). In the subgroup analysis, Begg’s test and Eg-
ger’s test showed that publication bias existed in some 
results. These results indicated that a potential publi-
cation bias may exist in our meta-analysis.

DISCUSSION

This meta-analysis investigated the association be-
tween SARS-CoV-2 infection and male fertility, and 
included 17 studies with a total of 1,627 patients and 
1,535 healthy or COVID-19-negative controls. Overall, 
this study found that COVID-19 significantly reduced 
sperm quality and caused sex hormone disruption. Dif-
ferences in the control populations may result in dif-
ferent baselines of fertility. Subgroup analyses were 
conducted on the basis of the control group population. 
And found that compared with the healthy population 
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Table 5. Subgroup analysis of effects of different stages of COVID-19 on sperm quality and sex hormones

Variable Subgroup No. p-valuea SMD (95% CI) I2 (%) p-valueb p-valuec

Volume (mL) Period of illness stage 2 <0.001 -0.755 (-0.948 to -0.562) 0.0 0.317 -
Recovery <90 d 4 0.771 -0.036 (-0.281 to 0.208) 0.0 0.624 0.803
Recovery ≥90 d 6 0.539 0.222 (-0.487 to 0.931) 95.0 >0.999 0.389

Total sperm count (×106) Period of illness stage 3 0.243 -0.543 (-1.455 to 0.369) 88.2 0.117 0.031
Recovery <90 d 4 0.162 -0.180 (-0.432 to 0.072) 0.0 0.497 0.472
Recovery ≥90 d 5 0.074 -0.327 (-0.686 to 0.032) 79.9 0.099 0.099

Sperm concentration (×106/mL) Period of illness stage 4 0.127 -0.465 (-1.064 to 0.133) 80.5 0.042 0.068
Recovery <90 d 5 0.025 -0.271 (-0.508 to -0.035) 0.0 0.851 0.566
Recovery ≥90 d 6 0.013 -0.389 (-0.698 to -0.081) 74.4 0.322 0.105

Total motility (%) Period of illness stage 1 - - - - -
Recovery <90 d 3 0.001 -0.413 (-0.664 to -0.163) 47.1 >0.999 0.596
Recovery ≥90 d 5 0.015 -0.680 (-1.231 to -0.130) 83.4 0.348 0.375

Progressive sperm motility (%) Period of illness stage 1 - - - - -
Recovery <90 d 4 0.884 -0.054 (-0.773 to 0.666) 83.1 0.491 0.979
Recovery ≥90 d 5 0.086 -0.363 (-0.779 to 0.052) 72.0 0.348 0.645

Nonprogressive sperm motility (%) Period of illness stage 1 - - - - -
Recovery <90 d 1 - - - - -
Recovery ≥90 d - - - - - -

Immotile sperm (%) Period of illness stage 1 - - - - -
Recovery <90 d 2 0.930 -0.027 (-0.647 to 0593) 0.0 0.117 0.033
Recovery ≥90 d - - - - - -

Normal morphology (%) Period of illness stage 2 0.147 -1.132 (-2.660 to 0.397) 95.4 0.317 -
Recovery <90 d 2 0.969 -0.007 (-0.380 to 0.365) 0.0 0.317 -
Recovery ≥90 d 2 0.963 0.004 (-0.184 to 0.193) 0.0 0.297 -

Viability (%) Period of illness stage - - - - - -
Recovery <90 d 2 0.142 -0.282 (-0.659 to 0.094) 31.3 0.317 -
Recovery ≥90 d 2 0.206 -0.509 (-1.297 to 0.280) 82.8 0.117 0.026

Serum FSH (IU/L or mIU/mL) Period of illness stage 4 0.303 0.175 (-0.158 to 0.507) 76.4 >0.999 0.789
Recovery <90 d 2 0.358 -0.302 (-0.946 to 0.342) 80.2 0.317 -
Recovery ≥90 d 1 - - - - -

Serum LH (IU/L or mIU/mL) Period of illness stage 4 0.049 0.417 (0.002 to 0.833) 84.9 >0.999 0.946
Recovery <90 d 2 0.659 0.464 (-1.594 to 2.522) 98.0 0.317 -
Recovery ≥90 d 1 - - - - -

Serum PRL (ng/mL) Period of illness stage 1 - - - - -
Recovery <90 d 2 0.089 0.395 (-0.060 to 0.850) 0.0 0.317 -
Recovery ≥90 d 1 - - - - -

Serum T (ng/mL or ng/dL) Period of illness stage 4 0.038 -1.021 (-1.986 to -0.055) 96.9 0.497 0.204
Recovery <90 d 3 0.274 -0.190 (-0.532 to 0.151) 71.3 0.602 0.954
Recovery ≥90 d 2 0.397 -0.231 (-0.765 to 0.304) 67.5 0.317 -

Serum E2 (pg/mL) Period of illness stage 1 - - - - -
Recovery <90 d 1 - - - - -
Recovery ≥90 d - - - - - -

No.: number of studies, SMD: standard mean difference, CI: confidence interval, FSH: follicle-stimulating hormone, LH: luteinizing hormone, PRL: 
prolactin, T: testosterone, E2: estradiol, -: not available.
ap-value of effect. bp-value of Begg’s test for publication bias. cp-value of Egger’s test for publication bias.
The bold values indicate statistical significance (p<0.05).
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Table 6. Subgroup analysis of the effects of COVID-19 with and without fever on sperm quality and sex hormones

Variable Subgroup No. p-valuea SMD (95% CI) I2 (%) p-valueb p-valuec

Volume (mL) With fever 2 0.272 -0.335 (-0.933 to 0.263) 34.6 0.317 -
Without fever 2 0.760 0.092 (-0.498 to 0.682) 0.0 0.317 -

Total sperm count (×106) With fever 1 - - - - -
Without fever 1 - - - - -

Sperm concentration (×106/mL) With fever 4 0.022 -0.457 (-0.847 to -0.067) 0.0 0.497 0.486
Without fever 4 0.112 -0.329 (-0.734 to 0.077) 0.0 0.174 0.352

Total motility (%) With fever 3 0.085 -0.817 (-1.746 to 0.111) 74.2 0.117 0.187
Without fever 3 0.342 -0.670 (-2.053 to 0.713) 83.6 0.602 0.536

Progressive sperm motility (%) With fever 3 0.010 -0.697 (-1.229 to -0.164) 25.9 0.117 0.091
Without fever 3 0.314 -0.560 (-1.649 to 0.530) 75.7 0.602 0.794

No.: number of studies, SMD: standard mean difference, CI: confidence interval, -: not available.
ap-value of effect. bp-value of Begg’s test for publication bias. cp-value of Egger’s test for publication bias.
The bold values indicate statistical significance (p<0.05).

Table 7. Subgroup analysis of the effects of COVID-19 without fever on sperm quality

Variable Subgroup No. p-valuea SMD (95% CI) I2 (%) p-valueb p-valuec

Volume (mL) Without fever ≥90 d 2 0.760 0.092 (-0.498 to 0.682) 0.0 0.317 -
<90 d 0 - - - - -

Sperm concentration (×106/mL) Without fever ≥90 d 2 0.299 -0.331 (-0.955,0.294) 0.0 0.317 -
<90 d 2 0.513 -0.270 (-1.079,0.539) 54.4 0.317 -

Total motility (%) Without fever ≥90 d 2 0.045 -1.304 (-2.577,-0.032) 66.3 0.317 -
<90 d 1 - - - - -

Progressive sperm motility (%) Without fever ≥90 d 2 0.002 -1.089 (-1.764,-0.414) 25.0 0.317 -
<90 d 1 - - - - -

No.: number of studies, SMD: standard mean difference, CI: confidence interval, -: not available.
ap-value of effect. bp-value of Begg’s test for publication bias. cp-value of Egger’s test for publication bias.
The bold values indicate statistical significance (p<0.05).

Table 8. Subgroup analysis of the effects of COVID-19 disease severity on sperm quality and sex hormones

Variable Subgroup No. p-valuea SMD (95% CI) I2 (%) p-valueb p-valuec

Volume (mL) Mild type 3 0.331 -0.188 (-0.568 to 0.192) 0.0 0.602 0.745
Moderate type 3 0.182 -0.402 (-0.991 to 0.188) 64.0 0.602 0.644

Total sperm count (×106) Mild type 2 0.274 -0.247 (-0.690 to 0.196) 0.0 0.317 -
Moderate type 2 0.161 -0.217 (-0.520 to 0.086) 0.0 0.317 -

Sperm concentration (×106/mL) Mild type 3 0.578 -0.108 (-0.488 to 0.273) 0.0 0.602 0.156
Moderate type 3 0.067 -0.277 (-0.447 to 0.021) 0.0 0.602 0.143

Total motility (%) Mild type 3 0.261 -0.523 (-1.434 to 0.388) 80.4 0.602 0.476
Moderate type 3 0.005 -0.953 (-1.618 to -0.289) 69.1 0.602 0.877

Progressive sperm motility (%) Mild type 3 0.574 -0.205 (-0.918 to 0.508) 69.1 0.602 0.074
Moderate type 3 0.516 -0.309 (-1.242 to 0.624) 89.1 0.317 -

No.: number of studies, SMD: standard mean difference, CI: confidence interval, -: not available.
ap-value of effect. bp-value of Begg’s test for publication bias. cp-value of Egger’s test for publication bias.
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or with before and after COVID-19, the same results 
were seen, that COVID-19 could reduce sperm quality.

Subgroup analyses found that COVID-19 significant-
ly caused sex hormone disruption in ≥50 or <50 years 
old. Because all the included patients with sperm qual-
ity examination were <50 years old and the data not 
suitable for the age-based subgroup analyses. And we 
found that at a recovery time of <90 days, COVID-19 
significantly reduced sperm concentration and total 
motility. In a recovery time of ≥90 days, COVID-19 
still significantly reduced the sperm concentration 

and total motility. Moreover, this study found that 
COVID-19 with fever was more likely to significantly 
reduce sperm concentration and progressive sperm 
motility than in cases without fever. To evaluate the 
association between COVID-19 infection and male fer-
tility purely as rather than the association between 
COVID-19 infection as a febrile illness and male fertil-
ity, we performed subgroup analyses in without fever 
patients and found that COVID-19 without fever ≥90 
days, the sperm total motility and progressive sperm 
motility decreased. The moderate type of COVID-19 

Fig. 4. Representative images of sensi-
tivity analysis. (A) Sensitivity analysis of 
sperm concentration in overall analysis. 
(B) Sensitivity analysis of PRL in overall 
analysis. CI: confidence interval, NAC: N-
acetyl cysteine, PRL: prolactin.
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significantly reduced total sperm motility compared 
to the mild type. Our meta-analysis revealed that the 
different symptoms and disease severity of COVID-19 
had different effects on sperm quality. Because suf-
ficient data on sex hormones was not available to in-
clude, data on sperm quality were limited. Therefore, 
our meta-analysis revealed that COVID-19 had long-
term effects on sperm quality and sex hormone levels, 
mainly during the illness stage. These results remind 
us that more attention should be paid to the fertility 
of COVID-19 patients, especially for patients with high 
disease severity.

The 2019 SARS-CoV-2 outbreak has spread world-
wide. The mortality rate of this infectious disease has 
been reported to be 1% to 4% in many countries, re-
vealing the severity and pathogenicity of SARS-CoV-2 
[21]. Although effective vaccines have been developed 

and many people have been vaccinated, controlling 
COVID-19 is still a challenge because of the emergence 
of new variants of SARS-CoV-2 [36]. An overwhelming 
amount of research has been published regarding CO-
VID-19, but the multiple sequelae of SARS-CoV-2 infec-
tion are still poorly understood.

Therefore, we conducted this meta-analysis to inves-
tigate the effects of SARS-CoV-2 on male fertility dur-
ing infection. A meta-analysis conducted by Tiwari et 
al [37] verified that COVID-19 impaired sperm quality 
and sex hormones. However, the study did not reveal a 
relationship between recovery time, symptoms, disease 
severity, and changes in sperm parameters. An in-
creasing number of studies have confirmed that SARS-
CoV-2 can impair the male reproductive system and 
have far-reaching effects on sperm quality of patients 
and their children [10]. The conclusions regarding the 

Fig. 5. Representative images of funnel plot of publication bias. (A) Funnel plot of sperm concentration in overall analysis. (B) Funnel plot of PRL in 
overall analysis. SMD: standard mean difference, PRL: prolactin.
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effects of SARS-CoV-2 on sperm quality and sex hor-
mones are inconsistent. Our meta-analysis showed that 
COVID-19 significantly reduced sperm quality and 
caused sex hormone disruption.

Mechanistically, SARS-CoV-2 needs a receptor (ACE-
2 or TMPRSS2) to enter the cell, but their expression is 
low in testicular tissue [38,39]; therefore, the incidence 
of SARS-CoV-2 entering testis tissues is low. Therefore, 
the prevailing hypothesis is that patients with mild 
illness and those in the recovery stage test negative 
for SARS-CoV-2. Previous studies have shown that 
patients tested positive for SARS-CoV-2 in their semen 
with small sample sizes; however, semen samples were 
vulnerable to contamination during collection [9,38,39]. 
In addition, in autopsied testicular samples of two men 
who died from COVID-19, SARS-CoV-2 was detected in 
testicular and Leydig cells [40].

Numerous studies have reported the effects of CO-
VID-19 on sperm quality. We found that patients with 
fever and moderate COVID-19 were more likely to 
have reduced sperm quality than those without fe-
ver or mid-type COVID-19. Fever interferes with the 
physiology of normal reproduction, and fever of more 
than 39°C for ≥3 days can lead to severe impairment of 
sperm quality [41]. Most COVID-19 patients have fever; 
therefore, increased testicular temperature may be one 
of the mechanisms through which SARS-CoV-2 impairs 
male reproduction. We performed subgroup analyses to 
evaluate the association between COVID-19 infection 
and male fertility in without fever patients and found 
that COVID-19 without fever ≥90 days, the sperm total 
motility and progressive sperm motility decreased. This 
results indicates that there are some other mecha-
nisms that play a role in the biological processes that 
SARS-CoV-2 impairs sperm quality. Donders et al [12] 
found a strong correlation between anti-SARS-CoV-2 
serum antibodies and sperm parameters. In autopsied 
samples, immunoglobulin (Ig) G antibodies were pres-
ent in the seminiferous tubules, and increased concen-
trations of CD68+ and CD3+ were found in testicular 
tissue [22]. Therefore, the immune response may be one 
of the mechanisms through which COVID-19 impairs 
sperm quality. Another hypothesis is that the cytokine 
storm induced by COVID-19 is the mechanism of im-
paired sperm quality [42-44]. The effects of COVID-19 
on sperm quality are complex and may be affected by 
multiple mechanisms.

It is well known that the recovery of sperm param-

eters to the basal level is a lengthy process of approxi-
mately 3 months. Therefore, we defined 90 days as the 
cut-off to study the immediate impact and long-term 
influence of COVID-19 on sperm quality. Our study re-
vealed that COVID-19 had long-term effects on sperm 
quality, especially on sperm concentration and motility. 
The severity and duration of the abnormalities and 
the exact recovery time are unknown, and the effect of 
COVID-19 on future children is unknown.

In men, spermatogenesis is regulated by FSH, LH, 
and T, which are connected to the hypothalamus, pitu-
itary gland, and gonad axis. Our results showed that, 
in terms of infection status, the effect of COVID-19 
decreased T levels, expecially in the older men, and 
increased LH levels. These findings indicate primary 
hypogonadism. In the recovery stage, COVID-19 had 
no effect on T and LH levels, which may be due to 
the immunity, regulatory abilities, and compensatory 
capacities of the body overcoming the infection. In 
our study, we did not find that COVID-19 decreased 
FSH levels. Data on the effects of COVID-19 on sex 
hormones is limited. Therefore, these results should 
be interpreted cautiously. Many studies have veri-
fied that SARS-CoV-2 leads to the disturbance of sex 
hormones and that COVID-19 patients have lower T 
concentrations than healthy men [33,45-47]. T cells are 
primarily produced by Leydig cells and are stimulated 
by LH. Inflammatory cell infiltration has been ob-
served in the testes of patients with severe COVID-19 
[22,48,49], which demonstrated that in the acute phase, 
cytokines may lead to Leydig cell damage and decrease 
the response to LH stimulation [50]. Another possible 
explanation for lower T concentrations is that inflam-
matory mediators restrain the gonadal axis, decrease 
the testicular response, and increase the clearance of 
T during the acute stage of the disease [51,52]. In re-
cent decades, studies have verified that T cells have a 
multitude of biological functions in the reproductive 
system and play an important anti-inflammatory role 
in preserving the number of regulatory T cells and 
CD8+ T cells [53,54]. Low T predicts an adverse clini-
cal condition that may be due to the immune function 
of T deficiency. It has been shown that COVID-19 pa-
tients with lower T levels were more likely to have an 
increased risk of hospital admission, ventilator use, or 
death compared to those with normal T levels [46,47,55]. 
Additionally, some studies have verified that a worsen-
ing clinical stage correlates with lower T levels as well 
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as higher LH levels [47].
Our meta-analysis results also showed that E2 levels 

were higher in COVID-19 patients, including those in 
the infection and recovery stages. E2 is an important 
sex hormone in male reproduction and is converted 
from T catalyzed by aromatase [56,57]. Aromatase is 
expressed in the testes, adipose tissue, bone, and brain 
[57]. During inflammation, aromatase is upregulated 
in adipose tissue, possibly stimulated by inflammatory 
cytokines. Thus, the conversion of T to E2 increases, 
resulting indecreasing T and increasing E2 concentra-
tions [58,59]. Therefore, many studies have found that 
E2 levels are higher in COVID-19 patients than in 
healthy men and higher in severe COVID-19 patients 
than in those with milder clinical conditions [55]. In 
our meta-analysis, PRL levels in COVID-19 patients 
were higher than those in healthy men, which may be 
related to having multiple physiological or pathological 
conditions or medication, but the exact mechanism is 
still unclear. Therefore, hormone surveillance studies 
are needed to assess the damage caused and the recov-
ery time of gonadal function from COVID-19 and the 
long-term consequences of the disease on sex hormone 
levels.

Low-quality studies were not included, which en-
sured that our meta-analysis was more rigorous. Fun-
nel plots and Begg’s and Egger’s tests were used to 
evaluate publication bias, and partial analysis results 
showed that potential publication bias may have exist-
ed in our meta-analysis. Heterogeneity may also have 
existed in our study. However, we conducted sensitivity 
analyses, and the results showed that the trend did not 
change significantly, indicating that our conclusions 
were reliable.

Some limitations in our study should be mentioned: 
(1) few studies focused on different disease stages of 
COVID-19 and limited data on the association between 
disease stages and male fertility are available; (2) some 
parameters of sperm quality, such as DNA fragmenta-
tion, were not included in our study because few in-
vestigations have studied this parameter; (3) different 
variants of SARS-Cov-2 may have different effects on 
male fertility; (4) the heterogeneity of ethnicity of the 
population may exist; (5) technical laboratory measures 
of seminal alterations and T may not be standardized; 
and (6) most research of this meta-analysis comes from 
Asia. There was insufficient data for subgroup analy-
sis by region and ethnicity, and there may be regional 

and race bias in the research results. In addition, we 
could not confirm the sex hormone levels measured in 
all studies early in the morning during fasting. None-
theless, our meta-analysis consisted only of currently 
published data to maximize the inclusion of available 
data. The results of our study should remind clinicians 
to focus on the reproductive health of COVID-19 pa-
tients. Thus, it is crucial to conduct multicenter, larger, 
and long-term follow-up studies to determine the long-
term effects of COVID-19 on male fertility.

CONCLUSIONS

COVID-19 in men significantly reduces sperm qual-
ity and causes sex hormone disruption. Infection with 
COVID-19 had long-term effects on sperm quality, 
especially sperm concentration and total motility. It is 
critical to conduct larger multicenter studies to deter-
mine the consequences of COVID-19 on male fertility.
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