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ABSTRACT

Objectives This study aims to examine the association
between occupational factors and semen quality in semen
donors in eastern China.

Methods We recruited 12301 semen donors from 2006
t0 2020 as the studying population. A self-designed
questionnaire was applied for collecting lifestyle and

work style information. Semen samples were analysed
according to WHO guidelines. A crude and adjusted linear
regression model was used to analyse the association
between occupational factors and semen quality.

Results College students accounted for 36.2% of all
semen donors. The majority (81.3%) of semen donors
were between 18 year and 30 years. Soldiers or the police
had the highest semen volume (the median value=3.8 mL),
however, they had the lowest sperm concentration
(53.6x10%ml) and sperm motility (45.5%). Workers in
finance or insurance had an elevated risk of low semen
volume, sperm concentration and total sperm count
(OR=1.43,1.57 and 1.98, respectively). Unemployed men
had a high risk of low sperm concentration and low total
sperm count (OR=1.84 and 1.58, respectively). Working

in the information technology industry had a deleterious
effect on the progressive motility of sperm (OR=1.27, 95%
Cl 1.03 to 1.57).

Conclusion Our study indicated that sedentary work
style and intensive sports in certain professions might be
associated with decreased semen quality. We reported
evidence of becoming unemployed on the damage to
semen quality. Hence, we advocate a healthy work style to
improve semen quality in eastern China.

INTRODUCTION

Male infertility affected approximately 7%
of the male population worldwide." An inter-
national study estimated that 72.4million
people of reproductive age were infertile.”
Many causes could result in male infertility,
including male diseases,” genetics, lifestyle
factors' or environmental exposure due to
living in highly polluted areas.” Semen quality
is the cornerstone of male infertility studies.
A previous report’ suggested that semen
quality could serve as a useful predictor of

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Our study focused on the association between oc-
cupations and decreased semen quality for the first
time in eastern China.

= We investigated both the lifestyle and work style
factors on semen quality.

= We recruited 12301 semen donors from 2006 to
2020, which is a large sample.

= We did not exhaust all the measurement methods to
assess semen quality such as the measurement of
sperm morphology and DNA fragment.

male fertility. Previous studies have focused
on the semen quality among semen donors,’
young men,8 male partners in infertile
couples’ and fertile men.'"” However, semen
quality has declined in several developed
and developing countries in the past years.""
A systematic review'” reported that semen
counts decreased by 50%—60% between 1973
and 2011, meanwhile, male infertility has
increased in these years. The results of the
Global Burden of Disease Survey showed that
the age-standardised prevalence of infertility
increased by 0.291% each year in men and
by 0.37% in women.'? However, the reasons
for the decline of semen quality over the past
decades are still not resolved worldwide.

The current knowledge about the factors
associated with semen quality is often contra-
dictory. Some data suggest that the risk factors
for poor semen quality include excessive
alcohol consumption, cigarette smoking, the
wearing of tightfitting underwear, being fat
and the use of recreational drugs.13 However,
the factors for poor semen quality vary
between different populations and regions;14
for example, cigarette smoking has an overall
detrimental effect on semen quality,15 while
another study found that smoking was not
associated with sperm motility.'® Even for
some well-recognised factors, there are still
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some controversies about their impacts on semen quality.
Most studies suggested that physical activity was an
important risk factor for sperm count and concentration
in white young men.'” However, a meta-analysis showed
that elite physical activity hurts semen quality."® Hence,
researchers are not sure whether these findings of risk
factors or preventive measures can be applied worldwide
and to the local population.

Occupational hazards are potential risk factors that
might influence semen quality. A previous study'
reported that occupational exposure to polycyclic
aromatic hydrocarbons was associated with decreased
sperm DNA integrity among coke oven workers. Phys-
ical or chemical hazards in the workplace may be the
main cause of male infertility.”” Some data suggested
that high exposure level of formaldehyde among autopsy
service workers had an adverse effect on abnormal sperm
progressive motility (OR=4.84; 95% CI 1.83 to 12.81) and
abnormal total sperm motility (OR=4.84; 95% CI 1.83
to 12.81).*" A previous study® indicated a negative rela-
tionship between pesticide exposure or radiation and
reduction of sperm motility and concentration. Occupa-
tional exposure to heat was also negatively associated with
semen quality.”

The plausible mechanism for the association between
occupational exposure and semen quality has been
proposed in some recent studies. A study in Mexico™*
revealed that exposure to polycyclic aromatic hydrocar-
bons could lead to DNA damage, and then was negatively
associated with semen quality. A recent study® found a
positive association between 5hmC of the sperm ACHE
gene and occupational exposure to bisphenol A, indi-
cating the adverse impact of occupational hazards on
human semen quality. However, the association between
occupations and semen quality was not well clarified.

Hence, to clarify the occupational risk factors for
decreased semen quality, we carried out an observational
study to examine the association of occupational factors
to semen quality in semen donors in eastern China.

METHODS

Study design

We recruited volunteers for semen donation as the study
population from 2006 to 2020. The donors were aged
over 18 years old across Zhejiang Province in eastern
China. Donors were included if they had an education
level of junior college or above. Donors were excluded
if they had an infectious disease, if they had sexual absti-
nence for less than 3days, or if they had a fever. Initially,
we included 14636 semen donors. Then we deleted 2335
subjects without laboratory examination data. Finally,
12301 semen donors were included in the study. All the
subjects provided written consent.

Questionnaire surveillance
Once the volunteer was recruited, he was asked to
complete a questionnaire. The questionnaire included

factors such as alcohol consumption, use of tobacco, the
period of abstinence since the last ejaculation and the
current occupation. Alcohol consumption was defined as
alcohol use at least once per week in the past year. The
use of tobacco was defined as current tobacco smoking at
least once per month in the past year. The current occu-
pation was self-reported by the semen donors.

Health examination

Height and weight were measured for each donor to
calculate body mass index (BMI). According to WHO
guidelines, BMI was calculated, and the donors were
categorised as normal (18.5-24.9kg/m?) and overweight
(25-29.9 kg/m2) or obese (ZSOkg/mQ). The systolic
and diastolic blood pressures were examined with three
measurements. Hypertension was defined as systolic
blood pressure 2140 mm Hg or diastolic blood pressure
290 mm Hg.

Chromosome examination

The peripheral blood lymphocytes were isolated by
chromosome examination and cultured in Roswell Park
Memorial Institute (RPMI) 1640 medium for 72hours.
The cells were routinely collected for G-banding. Karyo-
type analysis was performed according to the ISCN (inter-
national nomenclature system in human cytogenetics).
Chromosome normality was defined as 23 pairs of normal
chromosomes according to the WHO standard, while
chromosome normality was defined as abnormalities in
chromosome numbers or structures.

Semen sample analysis

The participants were asked to provide a semen sample
in a private room after 3—6days of sexual abstinence.
The semen sample was collected in a plastic container,
and evaluated according to WHO guidelines.”® The
semen samples were liquefied in an incubator (37°C)
for 30min, and then the motility and concentration of
semen samples were examined 60 min after semen dona-
tion. The semen volume was measured using the balance
weighing method. The sperm concentration was calcu-
lated using a haemocytometer on a single dilution. The
progressive motility of sperm was analysed by computer-
assisted semen analysis.

Statistical analyses

Semen quality parameters were shown as median
(25%-75% quantile). Categorical variables were shown
as frequency and percentage. Kruskal-Wallis H test was
used to compare the difference in semen quality between
different professions. And if there was any significant
difference between them, the Nemenyi test was used for
the post hoc comparison. Factors that may affect semen
qualitywere selected asindependentvariables,and abinary
logistic regression model using the entering method was
used to estimate the influencing factors of each semen
quality parameter. Regression models were shown as the
crude model and adjusted model. The semen parame-
ters were classified as qualified/unqualified according to
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WHO manuals, and these new binary variables were set as
the dependent variables in these models. The association
between occupations and decreased semen quality was
calculated by dividing the odd of each occupation by that
of the college students. The partial regression coefficient
of each adjusted model was adjusted for age, education
level, marriage status and childbearing history. A value of
p <0.05 was considered ’statistically significant'. All statis-
tical analyses were performed using R V.4.0.5 (R Founda-
tion for Statistical Computing, Vienna, Austria).

Patient and public involvement
No patient was involved.

RESULTS

Characteristics of semen donors

The majority (81.3%) of semen donors were between
18 years and 30 years old, whereas only 1.9% were above
40 years old (online supplemental table 1). The donors
were mainly from colleges (36.2%). In total, 81.6% of the
semen donors were not married, and 18.1% of them were
married. Meanwhile, 87.1% of them did not have any chil-
dren. Smoking or excessive drinking habits were rarely
reported among the studying population. Overweight or
adiposity was diagnosed in 3901 semen donors, and 10
subjects had hypertension. Only two semen donors had
a history of testicular surgery. The period of abstinence
since the last ejaculation was 4.5 (4-5.5) days.

Semen quality was decreased in certain professions

The percentage of chromosome abnormality was 0.8%
among 5510 semen donors with available data. The semen
quality varied between different professions (online
supplemental table 2). There was a significant differ-
ence in the semen volume between semen donors with
different professions (X2:83.45, p<0.001). Soldiers and
the police had the highest semen volume (the median
value=3.8mL). The workers in the architectural engi-
neering industry had significantly higher semen volume
(the median value=3.6mL) than college students (the
median value=3.3mL; p=0.004). Meanwhile, the semen
donors in the commercial service industry had a higher
semen volume (the median value=3.7mL), compared
with college students (p=0.01). Additionally, a statistically
significant difference was found in the sperm concentra-
tion between donors with different professions (%*=66.06,
p<0.001). Businessmen and subjects in the information
technology (IT) industry had a lower sperm concentra-
tion than college students (p<0.001 and p=0.04, respec-
tively). Soldiers or the police had the lowest sperm
concentration (the median value=53.6%). Meanwhile,
there was a statistically significant difference in the total
sperm count between different professions ()°=52.42,
p<0.001). The total sperm count of businessman (the
median value=197x10° /mL) was significantly lower than
that of college students (the median value=210x10° /mL).
Finally, the progressive motility of sperm changed much

Semen volume Crude model Adjusted model *

ORLL UL ORLL UL
Professions #  Business (n=1756) 125 095 163 W 111083 149 W
ITindustry (n = 975) 081 054 118 W 077 05113 ®m
Architectural engineering (n = 706) 067 039 106 W 064 037 103 W
Human health (n = 276) 106 054 188 W 104 052 186 W
Culture or education (n = 318) 083 04 15 W 081039 148 W
Finance or insurance (n = 416) 156 098 238 W 143 089 22 W
Soldier or police (n = 134) 162 072 316 W 146 064 29 W
Commercial service (n = 586) 085 051 135 W 073 043 118 W
Civil servant (n = 261) 144 079 244 W 132 071 229 ®
Industrial and mining enterprises (n = 139) 095033 212 ® 081028 184 W
Transportation (n = 119) 184 081 359 W 149 065 208 W
Entertainment and sports (n = 166) 146 068 275 W 13 06 246 W
Others (n = 1460) 115 085 154 W 105 076 143 W
Unemployed (n = 539) 093 056 147 W 083 049 132 W
Other factors  Age (30-39yvs. 18-29y) 123 091 165 ®m
Age (240 yvs. 18-29y) 199 107 349 W
Marriage status (yes vs. no) 081053 121 W
Education level (junior college vs. high school) 077 063 094 W
Education level (undergraduate or higher vs. high school) 067 047 095 W
Childbearing history 095 061 152 W
[l T

1135 1135

Figure 1 The risk of professions on the semen volume. LL,
lower level of 95% CI for the OR; UL, upper level of 95%

Cl for the OR; " adjusted for age, education level, marriage
status and childbearing history; smoking habit, drinking
habit and hypertension were not included in the model due
to the small sample size; * the risk of each profession was
compared with that of college students (n=4450).

in different professions (x°=97.61, p<0.001). Workers
in the IT industry and commercial service had higher
progressive motility of sperms (the median value=47%)
than college students (the median value=49%; p<0.001).

Risk of decrease in semen volume was found among subjects
in finance or insurance

The percentage of sperm volume abnormality was 4%.
The semen donors in finance or insurance had a signifi-
cantrisk for decrease in semen volume in the crude model
(OR=1.56, p=0.05; figure 1), and they had a marginally
significant risk for reduced semen volume in the adjusted
model (OR=1.43, p=0.08).

Some professions had higher risks of decreased sperm
concentration

Of all the semen donors, 3.3% had a decrease in sperm
concentration. In the crude model, the reduced sperm
concentration was moderately associated with the occu-
pation of finance or insurance (OR=1.62, p=0.05 in
the crude model, and OR=1.57, p=0.08 in the adjusted
model; figure 2). Unemployed men had a significantly
elevated risk of decreased sperm concentration(OR=1.92,
p=0.002). Furthermore, this risk for unemployed men
was slightly elevated after adjusting for age, education
level, marriage status and childbearing history (OR=1.84,
95% CI 1.18 to 2.77). Additionally, workers in the enter-
tainment and sports industry had an elevated risk of low
sperm concentration compared with college students
(OR=1.86, p=0.04).
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Sperm concentration Crude model Adjusted model *
OR LL UL OR LL UL
Professions *  Business (n=1756) 124 09 167 W 121 086 167 W
IT industry (n = 975) 133 091 191 W 131 089 19 ®m
Architectural engineering (n = 706) 114 071 175 - 115 071 18 -
Human health (n = 276) 101 045 195 W 104 046 203 W
Culture or education (n = 318) 1105 2 m 111 054 205 W
Finance or insurance (n = 416) 162 096 258 - 157 092 253 L]
Soldier or police (n = 134) 131 046 294 W 13 045 297 W
Commercial service (n = 586) 107 063 172 W 101 058 166 W
Civil servant (n = 261) 066 023 147 ® 067 023 151 ®
Industrial and mining enterprises (n = 139) 126 044 283 W 122 042 278 W
Transportation (n = 119) 087 021235 ® 081 02223 ®
Entertainment and sports (n = 166) 194 09 367 W 186 086 356 W
Others (n = 1460) 112 079 157 ® 111 077 157 ®
Unemployed (n = 539) 192 1.25 286 & 184 118 277
Other factors  age (30-39 yvs. 18-29) 107 076 148 W
Age (240yvs. 18-29y) 201 099 379 ®
Marriage status (yes vs.no) 093 059 141 MW
Education level (junior college vs. high school) 087 07 108 W
Education level (undergraduate or higher vs. high school) 08 054 117 W
Childbearing history 075 045 124 W
T T
1135 1135

Figure 2 The risk of professions on the sperm
concentration. LL, lower level of 95% CI for the OR; UL,
upper level of 95% ClI for the OR; " adjusted for age,
education level, marriage status and childbearing history;
smoking habit, drinking habit and hypertension were not
included in the model due to the small sample size; # the
risk of each profession was compared with college students
(n=4450).

Workers in finance or insurance and unemployed men had a
high risk of reduction in the total sperm count

There were 440 semen donors whose total sperm count
was less than the WHO recommended value of 39><106/
mL. The abnormality of the total sperm count was 3.6%.
Working in finance or insurance had an elevated risk for
the total sperm count in the adjusted model (OR=1.98,
95% CI 1.24 to 3.03; figure 3). Meanwhile, the associa-
tion between unemployed men and the decrease in the
total sperm count was significant (OR=1.82, 95% CI 1.18
to 2.70 in the crude model, and OR=1.58, 95% CI 1.02 to
2.37 in the adjusted model).

Working in the IT industry was associated with an elevated
risk for the reduction of progressive motility of sperm

The reduction of progressive motility of sperm was found
among 11.6% of all semen donors. Workers in the IT
industry had a moderately elevated risk for the reduction
of progressive motility of sperm in the adjusted model
(OR=1.3, 95% CI 1.06 to 1.6; figure 4). After we adjusted
for the confounding factors, the risk remained signifi-
cant, but the OR was slightly lower (OR=1.27,95% CI 1.03
to 1.57).

DISCUSSION

In the current study of 12301 semen donors, we identi-
fied that certain professions had lower semen quality in
China. Working in the finance or insurance industry was
associated with decreased semen volume, sperm concen-
tration and total sperm count. Workers in the IT industry

Total sperm count Crude model Adjusted model *
OR LL UL OR LL UL
Professions #  Business (n=1756) 127 094 17 W 113 082 155 W
ITindustry (n = 975) 112 075 163 W 105 07 154 W
Architectural engineering (n = 706) 108 067 165 W 106 065 164 W
Human health (n = 276) 095 043 184 - 098 044 192 -
Culture or education (n = 318) 114 058 204 W 119 059 214 W
Finance or insurance (n = 416) 214 136 3.23 - 1.98 1.24 3.03 -
Soldier or police (n = 134) 15 058 318 W 14 054 301 W
Commercial senvice (n = 586) 101 059 162 W 085 049 139 W
Civil servant (n = 261) 114 053 214 - 114 052 218 -
Industrial and mining enterprises (n = 139) 119 042 267 W 103 036 234 W
Transportation (n = 119) 2 083 407 - 164 067 341 L
Entertainment and sports (n = 166) 12 046 253 W 105 04 223 W
Others (n = 1460) 13 094 177 - 12 086 167 L]
Unemployed (n = 539) 182 118 27 » 158 1.02 237 &
Other factors  Age (30-39 yvs. 18-29y) 114 083 155 W
Age (240 yvs. 18-29y) 199 1.01 366 -
Marriage status (yesvs.no) 086 055 129 W
Education level (junior college vs. high school) 073 059 089 MW
Education level (undergraduate or higher vs. high school) 052 034 076 W
Childbearing history 073 044 119 =W
1135 1135

Figure 3 The risk of professions on the total sperm count.
LL, lower level of 95% CI for the OR; UL, upper level of 95%
Cl for the OR; " adjusted for age, education level, marriage
status and childbearing history; smoking habit, drinking
habit and hypertension were not included in the model due
to the small sample size; * the risk of each profession was
compared with college students (n=4450).

had an elevated risk for the reduction of the progressive
motility of sperm. Unemployed men had a higher risk for
the reduction of sperm concentration and total sperm
count. Furthermore, working in entertainment and sports
was associated with an elevated risk for sperm concentra-
tion, while working in the transportation industry was
associated with a high risk for the total sperm count. Most
of these associations were robust in regression models,
and the results were not modified by age, education level,
marriage status and childbearing history. To the best of
our knowledge, this was the first study in China to quan-
titatively assess the association between occupational
factors and semen quality with a large sample size. Hence,
our results provided new insights into semen quality in
eastern China.

We found that soldiers and the police had the highest
semen volume. Surprisingly, their progressive motility of
sperm was the lowest. Soldiers and the police were always
considered ‘strong’ men, however, their semen quality
was not as good as we expected from the results of our
research. A previous study”’ in China supported our find-
ings that 62.5% of the soldiers had at least one semen
parameter below the critical values of WHO recommen-
dations in 2010. The aetiology of low motility might be
due to surgery-related diseases, Sertoli cell-only syndrome
and some idiopathic causes.”® Besides, the high intensity
of job stress® might play an important role in the decrease
of sperm motility in the soldiers and police. However, due
to the limited sample in the population of soldiers and
police, our obtained results should be confirmed in longi-
tudinal studies.
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Progressive motility Crude model Adjusted model *

of sperm

ORLL UL OR LL UL
Professions#  gusiness (n = 1756) 105 088 125 W 102 084 123 W
IT industry (n = 975) 13 1.06 1.6 ¢ 127 1.03 157 ¢
Architectural engineering (n = 706) 111 086 141 W 107 083 133 W
Human health (n = 276) 098 065 143 W 093 061 137 ®
Culture or education (n = 318) 11 076 154 ® 101 069 143 W
Finance or insurance (n = 416) 129 095173 W 12 088 161 W
Soldier or police (n = 134) 113 064 186 W 107 06 179 ®
Commercial service (n = 586) 124 095 16 W 119 091 156 W
Civil servant (n = 261) 077 048 117 W 069 043 107 W
Industrial and mining enterprises (n = 139) 132 078 21 W 129 076 207 ®
Transportation (n = 119) 139 08227 W 127 072 212 W
Entertainment and sports (n = 166) 114 069 179 W 11 066 174 W
Others (n = 1460) 116 097 139 W 112 092 135 ®
Unemployed (n = 539) 118 089 154 W 115 086 151 W
Other factors  age 30-30yvs. 18-29y) 146 122 174 W
Age (240 y vs. 18-29 y) 247 169 355 W
Marriage status (yes vs.no) 072 056 092 W
Education level (junior college vs. high school) 099 087 112 W
Education level (undergraduate or higher vs. high school) 103 084 126 W
Childbearing history 098 075 13 W
T T

111385 1135
Figure 4 The risk of professions on the progressive motility
of sperm. LL, lower level of 95% CI for the OR; UL, upper
level of 95% ClI for the OR; adjusted for age, education

level, marriage status,and childbearing history; smoking
habit, drinking habit,and hypertension were not included in
the model due to the small sample size; # the risk of each
profession was compared with college students (n=4450).

We found that workers in the IT industry had a risk
of reduction of sperm progressive motility. It was well
known that most of the workers in the IT industry were
programmers, and they had a long-time sedentary work
style. As we have known, germ cells were quite sensitive
to localised warming of the testes. So the underlying
reason for this elevated risk might be due to the local-
ised high temperature in the testes of IT workers. A
previous study in Poland® documented that heat stress
after sedentary work could double the risk of sperm DNA
damage. The possible mechanism might be that long-
time sedentary work style in the IT industry increased
testicular temperature, and triggered reactive oxygen
species and DNA damage,” leading to the destruction of
germ cells by apoptosis. On the other hand, heat stress
could induce altered chromatin condensation during
spermatogenesis.””> An experimental study” found that
spermatozoa at postmeiotic stages of development were
more sensitive to heat stress, and suggested that DNA
methylation reprogramming could play an important
role in the process. Conclusively, we conferred that heat
exposure might be a crucial factor for deleterious semen
quality among workers in the IT industry. In the same
way, our study demonstrated that working in the finan-
cial industry was related to sedentary work. Furthermore,
either working in the IT industry or the financial industry
radiation needed prolonged video operation. The asso-
ciation between video operation and semen quality has
not been well studied in previous studies. Controversially,
more physical activity and less TV watching were signifi-
cantly associated with improved sperm count and sperm

concentration. Furthermore, whether the sedentary job
and video manipulation had a joint harmful effect on
semen quality needs to be confirmed by further research.

Importantly, we found that working in finance or insur-
ance was significantly linked with decreased semen quality,
especially with semen volume, sperm concentration and
sperm count. The reason why working in finance or insur-
ance could affect semen quality was not fully understood.
There were some plausible reasons. First, the workers in
finance or insurance, for example, the bank employees,
always spend the majority of their working time sitting in
front of the computer and engaged in sedentary work.*
Their sedentary working characteristics increased the
temperature of their testis, just like the workers in the
IT industry. Hence, our data supported the associa-
tion between sedentary working behaviour in finance
or insurance and decreased semen quality. Therefore,
more strategies should be applied to make the workers
shift from a sedentary work style to a more active work
style.”” Second, the current data suggested that a job in
finance or insurance involved high levels of job stress.*
A previous study in India® found that 75.5% of bank
employees had a high and very high level of job stress. A
study in China® believed that the high job stress in finan-
cial workers was related to a high concentration of atten-
tion during working. Hence, the association between
working in finance or insurance and decreased semen
quality might also be explained by the synergistic effect
of local temperature in testis and high job stress. More
effects should be provided to improve the work initia-
tive, shorten the working hours per day, and improve the
social support for workers in the finance or insurance
industry.” However, these results need to be proved by
better study design, and be confirmed in further studies.

Our study found that unemployment was associ-
ated with a decrease in sperm concentration and total
sperm count. One possible explanation for this associ-
ation might be that unemployment was associated with
decreased health.*” Unemployed men formed a very
specious group, however, various demographic and life-
style factors might result in negative effects on the well-
being of the unemployed. Previous studies reported that
unemployed men could have more physically deleterious
behaviours, such as living an unhealthy diet, alcohol abuse
and smoking.*"™* Moreover, unemployment had a detri-
mental effect on mental health. Therefore, the decrease
in semen quality among unemployed men could also be
explained by depression and distress.** Hence, interven-
tions, therapeutic methods and job-search training might
be beneficial for the increase of employment,* and then
provide useful help for improving semen quality.

We found an elevated risk of decreased sperm concen-
tration among the semen donors in the entertainment
and sports industry, consistent with a previous study in the
USA."® However, a previous study in China®’ supported
our results that physical activity could improve semen
quality parameters among healthy men. Several expla-
nations existed for this association between working in
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the entertainment and sports industry and decreased
semen quality. First, there was a large difference in the
intensity of exercise between athletes and ordinary
persons. Undoubtedly, moderate exercise was beneficial
for a healthy man. A systematic review and meta-analysis'®
pointed out that physical activity was beneficial for men’s
reproductive health. However, intensive sports practices
could have a negative effect on semen quality, such as
DNA fragmentation.*”® On the contrary, restricting sports
activity in athletes could reduce the deleterious effect of
sports on semen quality."’ Hence, we speculated that it
was the excessive physical activity discrepancy that leads
to the increase in semen quality among the workers in
entertainment and sports. The second possible reason for
the elevated risk might be the use of anabolic-androgenic
steroids, which were testosterone derivatives usually used
by the workers in the entertainment and sports industry
to improve sports performance or enhance appearance.

Our study had notable advantages. Our findings
provided new insight into the association between occu-
pational factors and semen quality. We gave an intuitive
understanding of what occupation tended to damage
semen quality. We found a novel association between
working in the finance or insurance industry and the
elevated risk of damaged sperm quality. Unemployed
men were at high risk of decreased sperm concentra-
tion and total sperm count. Working in the IT industry
was associated with an elevated risk for the progressive
motility of sperm. Interestingly, we found that soldiers
and the police had the highest semen volume but the
lowest sperm motility.

Although we used a large sample of semen donors, our
study does have some methodological disadvantages. First,
we did not exhaust all the measurement methods to assess
semen quality. For example, data on sperm morphology
and DNA fragment measurement were not applied in
our study, because of incomplete data in these indexes. A
prospective cohort study is needed to improve the study
quality. Second, there was some selection bias in this study.
We selected semen donors in a province as the studying
population, while some studies studied infertile men.*
Inevitably, there was a selection bias in either of the two
populations. However, a study in the USA™ proved that
the use of semen donors did not raise the risk of selection
bias in male fertility studies. Moreover, it is not possible
to get an unbiased sample that represents the whole male
population. Hence, our study population could be a good
representation of male fertility studies. Third, we investi-
gated some lifestyle and occupational factors; however, we
did not focus on environmental exposure due to living in
polluted areas or other factors such as stress. A previous
study” conducted in highly polluted areas has suggested
the negative role of environmental pollution on semen
quality. Furthermore, Levine and colleagues’' reported
that semen quality deteriorated during the summer due
to a deleterious effect of heat. Hence, it is important to
clarify the association between environmental exposure,
psychological stress and semen quality in future studies.

Finally, we did not include smoking and drinking habits
in the current study because we only investigated a few
semen donors about their smoking and drinking habits.
Moreover, the number of men with drinking habits was
only seven, leading to instability of our models. Hence, a
prospective cohort study is warranted, and the association
between smoking and semen quality in China needs to be
verified in further studies.

To sum up, our study provided new insight into the
impact of occupations on semen quality in China. We
found decreased effects in some professions, reflecting
the association of adverse work style with semen quality.
In other words, work style factors might contribute to the
changes in the semen parameters of semen donors. The
results of our study suggested the need and importance
to avoid adverse occupational hazards to maintain satis-
factory semen quality. We should pay more attention to
semen quality of sedentary workers, unemployed men,
the workers in the entertainment and sports industry, and
the IT industry. Our findings also suggested keeping good
work styles in occupational activities, and our study is of
valuable public health significance for human fertility.
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Supplementary table 1. Geographic characteristics, life habits, and disease histories of 12,301 semen donors

Characteristic n (%)
Age, years

18-30 9996 (81.3)

30-39 2062 (16.8)

40-50 239 (1.9)
Ethnicity

Han 12054 (98.0)

Others 247 (2.0)
Education

High school 4669 (38.0)

Junior college 6272 (51.0)

Undergraduate or higher 1360 (11.1)
Marital status

Unmarried 10033 (81.6)

Married 2169 (17.6)

Divorced 99 (0.8)
Childbearing history

Never 10720 (87.1)

Ever 1581 (12.9)
Native geographical region

South 9151 (74.4)

North 3150 (25.6)
Smoking habit

Non-smoker 4327 (35.2)

Smoker 186 (1.5)

NA 7788 (63.3)
Drinking habit

Never 4506 (36.6)

Ever 7 (0.1)

NA 7788 (63.3)
Overweight or fat

No 3901 (31.7)

Yes 608 (5.0)

NA 7792 (63.3)
Hypertension

No 4495 (36.5)

Yes 10 (0.1)

NA 7796 (63.4)
History of testicular surgery

No 4511 (36.7)

Yes 2 (0.0)

NA 7788 (63.3)

NA: not available
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Supplementary table 2. Semen quality parameters among different professions

Occupation

n (%)

Semen
volume
(ml)

Sperm concentration

(105/ml)

Sperm count
(10°)

Sperm  mobility

(%)

College students
Business

IT industry

Architectural engineering
Human health
Culture or education
Finance or insurance
Soldier or police
Commercial service
Civil servant
Industrial and
enterprises
Transportation
Entertainment and sports
Others

Unemployed

mining

4450 (36.2)
1756 (14.3)
975 (7.9)
706 (5.7)
276 (2.2)
318 (2.6)
416 (3.4)
134 (1.1)
586 (4.8)
261 (2.1)
139 (1.1)

119 (1.0)
166 (1.3)
1460 (11.9)
539 (4.4)

3.3 (2.5-4.5)
3.3 (2.5-4.5)
3.5 (2.6-4.6)
3.6 (2.8-4.8)
3.7 (2.7-4.7)
3.7 (2.8-4.6)
3.3(2.3-4.3)
3.8(2.6-4.8)
3.7 (2.7-5.0)
3.1(2.3-4.1)
3.0 (2.3-4.0)

3.3(2.4-4.2)
3.0 (2.3-4.0)
3.4 (2.5-4.4)
3.5(2.5-4.7)

63.7 (44.8-83.7)
59.5 (41.0-78.4)
60.0 (41.8-79.0)
61.8 (44.0-80.0)
60.2 (43.4-82.3)
60.2 (41.0-78.3)
60.0 (41.0-81.0)
53.6 (40.4-75.1)
59.9 (41.0-79.0)
61.4 (44.0-80.5)
65.5 (45.8-84.5)

60.0 (44.5-78.9)
62.5 (43.0-80.8)
62.2 (43.8-80.3)
56.0 (38.7-73.5)

210 (141-290)
197 (126-282)
211 (135-289)
220 (152-307)
214 (142-299)
213 (137-299)
200 (123-282)
191 (131-302)
210 (141-301)
197 (120-280)
198 (135-270)

200 (117-300)
187 (109-251)
204 (138-282)
194 (119-275)

49.0 (40.3-55.0)
48.2 (40.0-53.0)
47.0 (39.0-51.5)
48.5 (40.0-53.5)
47.0 (40.0-51.1)
47.0 (38.2-52.0)
48.6 (38.2-53.8)
45.5 (38.0-52.8)
47.0 (39.0-52.0)
49.4 (41.2-55.3)
48.0 (38.4-55.0)

49.0 (39.0-54.2)
52.2 (40.0-58.1)
49.5 (40.0-55.0)
48.0 (39.0-52.5)

IT: Information Technology
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