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Background. Declining semen quality has become one of the most serious public health problems worldwide; however, the
spatial–temporal characteristics of semen quality of infertile men remain unknown. Objective. To explore spatial–temporal char-
acteristics of semen quality of infertile men inWenzhou from 2010 to 2018 and thereby provide a scientific basis for development of
strategies to enhance male reproductive health. Methods. We obtained 22,978 semen sample data from 2010 to 2018 from the
Reproductive Medicine Center and Urology of the First Affiliated Hospital of Wenzhou Medical University in Wenzhou, China.
Linear regression analyses and spatial autocorrelation analyses were used to study spatial–temporal characteristics of semen quality
parameters. Results. Overall, from 2010 to 2018, mean values for total sperm number and semen volume showed linear increasing
trends, and mean values for total sperm motility showed linear decreasing trend (all P<0:05). Cold spot analyses of progressive
sperm motility, total sperm motility, and normal sperm forms were also in main urban area of Wenzhou (Lucheng District, Ouhai
District, Longwan District, and Dongtou District) and hot spot were also in nonmain urban area of Wenzhou (mainly including
Taishun County, Pingyang County, andWencheng County). However, hot spot analyses of total sperm number and semen volume
were mainly in Dongtou District. Conclusions. The main urban area is the “harder-hit area” of semen quality, while for the islands
area is the “high-withdrawal area.”Government departments need to pay more attention to improve male reproductive health in the
main urban areas and actively control the potential influencing factors of male reproductive health, such as occupational exposure
and life stress. Good environmental quality and plenty of seafood intake may be beneficial to semen quality.

1. Introduction

Semen quality is one of the common indicators for evaluat-
ing male reproductive health and an important basis for the
diagnosis, treatment, and prevention of male infertility.
However, studies in most parts of the world have shown a
decreasing trend in semen quality parameters of local men
[1–6], suggesting that the decline in semen quality has

become one of the most serious public health problems in
the world.

Several epidemiological studies reported significant geo-
graphic or regional variations in semen quality [7–12]. Palani
et al. [13] found that American men presented lower sperm
concentration, total sperm count, total sperm viability and
progressive sperm viability, and higher total antioxidant capacity
of semen compared to Iraqi men. In Nordic countries, a cross-
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sectional study [14] reported that Finnish men had a higher
adjusted median percentage of motile sperm (A+B+C) than
Danish men, and the proportion of men with low semen quality
was lower in Finland (25.4%) than in Denmark (34.6%). Simi-
larly, a retrospective cohort study in China reported statistically
significant differences in sperm concentration among men at
different latitudes in China [15]. However, these research meth-
ods used traditional epidemiological methods to compare differ-
ences between different regions. In addition, Zhang et al. [16]
showed that traditional epidemiology cannot explore the spatial
distribution characteristics of diseases and, therefore, need to use
spatial epidemiological methods to study regional differences in
semen quality. Moreover, these studies are to study the differ-
ences in semen quality parameters between large regions and
lack the geographical distribution differences and associations of
semen quality parameters between small regions.

Therefore, this study was the first to use spatial epidemio-
logical, as well as traditional epidemiological methods to explore
the spatial and temporal distribution of semen quality parame-
ters of infertilemen inWenzhouCity from 2010 to 2018, so as to
provide clues for exploring the factors influencing the quality of
semen and to provide scientific basis for the local government
and the health management department to improve the level of
male reproductive health of Wenzhou City at the regional level,
as well as to provide a reliable reference for the prevention and
control of infertile men in other regions.

2. Materials and Methods

2.1. Study Area. Wenzhou is located in the south of Zhejiang
Province in eastern China, between 119°37ʹ E- 121°18ʹ E,

27°03ʹ-28°36ʹ N. It is a prefecture-level city in Zhejiang Prov-
ince with subtropical monsoon climate. Wenzhou is com-
posed of 11 county-level administrative regions, namely
Lucheng District, Longwan District, Ouhai District, Dongtou
District, Ruian City, Yueqing City, Yongjia County, Cangnan
County, Pingyang County, Wencheng County, and Taishun
County, with about 9million residents. The distribution of 11
county-level administrative regions in Wenzhou is shown in
Figure 1.

2.2. Study Population. A retrospective study was conducted
in the Reproductive Medicine Center and Urology of the
First Affiliated Hospital of Wenzhou Medical University in
Wenzhou, China. Since 2006, the center has established a
database of all male patients’ demographic characteristics
(age, occupation, education level, and living area) and clini-
cal information (semen quality parameters and semen anal-
ysis date). Between January 2010 and December 2018, we
effectively included 22,978 infertile male patients after
excluding patients with normal postmarital cohabitation
and family history, organic diseases, spouse infertility, and
missing information. All the wives of the included patients
had normal fertility, but did not get pregnant again after 1
year of continuous unprotected intercourse. The patients in
this study were deidentified and approved by the Ethics
Committee of the First Affiliated Hospital of Wenzhou Med-
ical University (KY2023-R194).

2.3. Semen Analysis. First, patients were asked to have to
abstain from sex for 3–7 days before the semen quality
test. Then, they collected semen samples by masturbation
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FIGURE 1: Geographical distribution of 11 county administrative divisions in Wenzhou, China.
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in a private room into sterile cups and placed them in a 37°C
incubator to liquefy. The technician observed the liquefac-
tion of semen every 5–10 min and analyzed the semen sam-
ple immediately after liquefaction. We strictly followed the
5th edition of the World Health Organization (WHO) Lab-
oratory Manual for the Examination and Processing of
Human Semen [17]. We assessed semen volume (ml) by
the weighing method; normal sperm forms (%) by the Pap
staining method; and total sperm number (106), progressive
sperm motility (%), and total sperm motility (%) by a
computer-assisted semen quality analysis system (MICROP-
TIC S.L. Company, Viladomat, Barcelona, Spain). In addi-
tion, our laboratory rigorously implemented both in-house
quality control and interroom quality control, as detailed in
our previous studies [18]. According to theWHO 5th criteria
[17], semen is defined as normal if it meets all the following
requirements: progressive sperm motility≥ 32%, total sperm
motility≥ 40%, total sperm number≥ 39× 106, semen volu-
me≥ 1.5ml, and normal sperm morphology≥ 4%; failure to
satisfy one or more of these is defined as abnormal.

2.4. Statistical Analyses. The variables of demographic char-
acteristics were described by frequency and percentage, while
age was also described by mean and standard deviation.
Semen quality parameters were described by mean, standard
deviation, and percentile. For the time trend of each semen
quality parameter, a linear regression model was used for
analysis. For the spatial analysis of each semen quality
parameter, spatial autocorrelation analysis was used, includ-
ing global autocorrelation analysis and local autocorrelation
analysis. The local autocorrelation analysis included local
indicators of spatial association (LISA) aggregation diagram
and local G statistics, and the specific spatial analysis method
was described in Supplement 1. All statistical analyses were
performed in Microsoft Excel (version 2013, Microsoft
Corp., Redmond, WA, USA), GraphPad Prism version 8,
and ArcGIS (version 10.0, ESRI Inc., Redlands, CA, USA).
All statistical tests were two-sided tests, and statistical signif-
icance was defined as P<0:05.

3. Results

3.1. Patient Characteristics. The demographic characteristics
of the infertile male patients are summarized in Table 1. A
total of 22,978 infertile male patients with a mean age of
32.5Æ 5.6 years were included, more than half of them
were 30–35 years of age (34.5%), and majority were worker
(85.9%) or education level of high school and lower (79.6%).

3.2. Semen Quality Parameters. The semen quality parame-
ters of the infertile male patients are described in Table 2.
The progressive sperm motility was 45.4Æ 23.9%, the total
sperm motility was 53.1Æ 26.1%, the total sperm number
was 224.4Æ 228.2× 106, the semen volume was 3.0Æ 1.5ml,
and the normal sperm forms were 2.9Æ 3.5%. Among these
five semen quality parameters, except for the normal sperm
forms, the rest were above the WHO standards [17].

3.3. Temporal Trends of Semen Quality Parameters. The tem-
poral trends of five semen quality parameters are shown in

Figure 2. From 2010 to 2018, mean values for total sperm
number (R2= 0.6993, P¼ 0:005, β= 13.22) and semen volume
(R2= 0.5752, P¼ 0:0179, β= 0.055) showed linear increasing
trends, and mean values for total sperm motility (R2= 0.5018,
P¼ 0:0327, β=−0.9283) showed linear decreasing trend.

3.4. Spatial Patterns of Semen Quality Parameters. The global
spatial autocorrelation analyses of mean semen quality
parameters of infertile men showed that the parameters
were randomly distributed in Wenzhou from 2009 to 2018
(Table 3). Moreover, most of the global spatial autocorrela-
tion analysis of the annual mean of each parameter also
showed that the parameters are randomly distributed (Tables
S1–S5).

LISA analyses of mean semen quality parameters of infer-
tile men showed that HL cluster of progressive sperm motility
was in Longwan District, HH cluster of total sperm motility
was in Cangnan County, HL cluster of total sperm number was
in Ouhai District, HL cluster of semen volume was in Yongjia
County and Taishun County, and LH cluster of semen volume
was in Lucheng District and Wencheng County (Figure 3).
However, the LISA analysis results of mean semen quality
parameters from 2010 to 2018were inconsistent with the yearly
LISA analysis results of mean semen quality parameters for
most years (Figures S1–S5).

Cold/hot spot analyses of mean semen quality parame-
ters of infertile men showed that cold spot of progressive
sperm motility and total sperm motility was in Dongtou
District and hot spot was in Taishun County, cold spot of
total sperm number was in Longwan District and hot spot
was in Taishun County, and cold spots of normal sperm
forms were in Ouhai District, Longwan District, and Dong-
tou District (Figure 4). The yearly cold spot analyses of pro-
gressive sperm motility, total sperm motility, and normal
sperm forms were also in main urban area of Wenzhou
(Lucheng District, Ouhai District, Longwan District, and
Dongtou District) and hot spot was also in nonmain urban
area of Wenzhou (mainly including Taishun County, Pin-
gyang County, and Wencheng County) (Figures S6, S7, and
S10). However, yearly hot spot analyses of total sperm num-
ber and semen volume were mainly in Dongtou District
(Figures S8 and S9).

4. Discussion

Semen quality parameters are one of the important parame-
ters for clinical evaluation of male reproductive health. How-
ever, many global studies have reported a decreasing trend in
semen quality parameters, which imply that there may be an
increasing trend in the number of infertile men. Therefore,
for regional health-related departments, exploring the tem-
poral trends and spatial distribution of semen quality param-
eters of infertile men is the primary task to understand and
improve the reproductive health of local men. This study
analyzed the spatial and temporal distribution characteristics
of five semen quality parameters (progressive spermmotility,
total sperm motility, total sperm number, semen volume,
and normal sperm forms) of 22,978 infertile men in Wenz-
hou from 2010 to 2018. To our knowledge, this is the first
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TABLE 2: Summary of semen parameters for the study subjects.

Parameter Mean (standard deviation)
Percentile

Median 5th 25th 75th 95th

Progressive sperm motility (%) 45.4 (23.9) 49.1 0.0 30.5 63.1 78.3
Total sperm motility (%) 53.1 (26.1) 58.4 0.0 38.7 72.5 86.3
Total sperm number (×106) 224.4 (228.2) 171.6 0.0 46.6 323.4 656.6
Semen volume (ml) 3.0 (1.5) 2.6 1.0 2.1 3.9 5.6
Normal sperm forms (%) 2.9 (3.5) 2.2 0.0 0.5 4.4 8.8
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FIGURE 2: The linear regression lines of the annual average of semen quality parameters from 2010 to 2018. (a) Mean progressive sperm
motility and (e) mean normal sperm forms were a liner trends with no significance. (b) Mean total sperm motility was declining year by year
and showed a linear trend. (c) Mean total sperm number and (d) mean semen volume were increasing year by year and showed a linear trend.
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time that the spatial method has been applied to the study of
semen quality parameters of infertile men, so as to provide
clues for exploring the factors influencing the quality of semen
and to provide scientific basis for the local government and
the health management department to improve the level of
male reproductive health of Wenzhou City at the regional
level, as well as to provide a reliable reference for the preven-
tion and control of infertile men in other regions.

The demographic characteristics analysis found that the
infertile population in Wenzhou City from 2010 to 2018 was
dominated by workers and men with a high school education
or less, which is consistent with previous studies [5, 19, 20].
Wenzhou, as the “shoe capital of China,” has established
many shoe factories. Therefore, compared to other occupa-
tions, the proportion of workers in the shoe factories in
Wenzhou accounts for the majority of workers in Wenzhou.
In addition, these workers are more likely to be exposed to
hazardous substances that harm male reproductive health,
such as benzene and fluoride, than other occupations
[21–23]. In addition, factories in the manufacturing sector
have many large heat producing machines, which lead to
relatively high exposure temperatures for workers. An animal
model study found that high temperatures can induce the
production of excessive amounts of endogenous reactive oxy-
gen species, which can damage the DNA integrity of sperm
cells and ultimately reduce semen quality [24]. However,
these possible causes of occupational exposure still need fur-
ther research. In the analysis of semen quality parameters, we
found that only the mean value of normal sperm forms was
lower than the WHO standard, suggesting that lower normal
sperm forms may be the main cause for men in Wenzhou
City. Therefore, health authorities need to focus on investi-
gating possible causes of lower normal sperm forms, such as
benzene exposure, high temperature exposure, and ionizing
radiation [21, 23, 25].

Because technicians strictly implement laboratory quality
control and the instruments for semen quality parameter
analysis remain unchanged, the time-varying trend of semen
quality parameters cannot be attributed to laboratory tech-
nology or laboratory technicians. From 2010 to 2018, the
annual average of total sperm number and semen volume
of infertile men in Wenzhou showed a linear increase trend,
which was similar to our previous research results [20]. The
possible reason was related to the environmental improve-
ment after the implementation of environmental improve-
ment policies and measures in Wenzhou and the
improvement of male accessory gland function in Wenzhou.
However, the annual average of total sperm motility showed

a linear decreasing trend, and the reasons were very complex,
which may include occupational exposure, increased stress,
poor lifestyle, or a combination of these factors. However,
these explanations require further investigation. In addition,
this is inconsistent with our previous research results, which
showed a linear increase in sperm motility [20]. The reasons
for this difference may be: (1) the different screening criteria
of the subjects and (2) different research periods. It is worth
noting that although there is no linear trend in the annual
average of normal sperm forms, it has gradually decreased in
recent years. Combined with the analysis results of our
semen quality parameters, the normal sperm forms must
be more worthy of attention by the relevant health depart-
ments. In the spatial analysis of semen quality parameters,
our results found that the global autocorrelation of semen
quality parameters was not statistically significant and incon-
sistent with the results of LISA analyses, and these results
suggest that semen quality parameters may not be spatially
distributed in a certain way. However, the results of cold and
hot spot analyses showed that the cold spot areas for pro-
gressive sperm motility, total sperm motility, and normal
sperm forms were mainly in the main urban areas of Wenz-
hou (Lucheng District, Ouhai District, Longwan District, and
Dongtou District), and the hot spot areas were mainly in the
nonmain urban areas of Wenzhou (mainly including
Taishun County, Pingyang County, and Wencheng County).
One possible reason for this is that there are more shoe
factories in the main city than in the nonmain city, and
the potential for occupational exposure of patients is greater.
Another possible reason is that the pace of life in the main
urban areas is faster than in the nonmain urban areas, which
leads to a change in the patients’ habits and an increase in
stress, which are also factors that affect semen quality param-
eters in men [26, 27]. Therefore, health-related authorities
need to focus on investigating and preventing factors that
may affect semen quality parameters in the main city of
Wenzhou. In addition, we found that the hot spot areas for
total sperm count and semen volume were mainly in Dong-
tou District, which may be related to the geographical loca-
tion of Dongtou District. Dongtou District, located in the
southeast coast of Zhejiang Province and the estuary of
Oujiang River, is one of the 14 island counties (districts) in
China and consists of 103 islands and 259 reefs. Therefore,
the Dongtou area has a vast marine space and rich seafood
products. Compared with other regions, Dongtou District is
more exposed to a wider area of the sea, so men in Dongtou
District are more likely to consume seafood. Seafood is rich
in elements such as zinc and selenium, and a review showed
that zinc and selenium intake was positively associated with
sperm quality [28]. Therefore, the total sperm number and
semen volume in Dongtou District, Wenzhou City are high
relative to other regions, but further research is needed.

The results of our study are of great significance in guid-
ing the improvement of male reproductive health in Wenz-
hou City. First, the infertile population in Wenzhou were
mainly workers, which suggest that the relevant health
departments in Wenzhou should focus on the workers’ pop-
ulation in the prevention and control, as well as the

TABLE 3: Global spatial autocorrelation analysis of mean semen
quality parameters of infertile men in Wenzhou from 2009 to 2018.

Parameter Moran’s I Z-value P-value

Progressive sperm motility (%) −0.127 −0.142 0.887
Total sperm motility (%) −0.061 0.207 0.836
Total sperm number (×106) −0.121 −0.110 0.912
Semen volume (ml) −0.300 −1.124 0.261
Normal sperm forms (%) 0.275 1.846 0.065
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investigation and control of their possible risk exposure fac-
tors. Second, among the five semen quality parameters, only
the normal sperm forms were lower than the WHO standard
and have been gradually decreasing in recent years. This
suggests that reduced normal sperm morphology may be
the main cause of infertility among men in Wenzhou and
may continue to worsen in the future. Therefore, health
authorities in Wenzhou City should focus on investigating
and controlling the factors that may contribute to the low
normal sperm forms. Meanwhile, total sperm motility
showed a linear decrease, a semen parameter that also
deserves the attention of the health authorities. In addition,
there was a linear increase in total sperm number and semen
volume, which may be related to the improvement of envi-
ronmental quality. Therefore, it is necessary for health
authorities to continue to improve the quality of the envi-
ronment and, in the future, to pay more attention and to
improve the occupational environment. Finally, we found
that the cold spot areas for progressive sperm motility, total
sperm motility, and normal sperm forms were mainly in the
main urban area of Wenzhou City, and the hot spot areas
were mainly in the nonmain urban area of Wenzhou City,
which suggests that the health-related departments need to
focus on investigating, preventing, and controlling the fac-
tors that may affect the semen quality parameters in the
main urban area of Wenzhou City, including occupational
stress and occupational exposure. However, the hot spots
for total sperm count and semen volume were mainly in

Dongtou District, which may be related to the patients’
intake of seafood, so the health-related departments should
further investigate and actively promote the intake of ele-
ments such as zinc and selenium to improve male repro-
ductive health.

Our study applied spatial methods to the analysis of male
semen quality for the first time. By analyzing the spatial char-
acteristics and temporal trends of semen quality in different
counties and districts of Wenzhou City, this study can provide
clues for exploring the factors affecting semen quality, as well as a
scientific basis for the local government and health administra-
tion to carry out the of male improvement work in the
region. This will provide a scientific basis for exploring the fac-
tors affecting semen quality and for local governments and
health management departments to improve male reproductive
health in study area. Meanwhile, the biggest shortcoming of this
study is the lack of data to further explore the factors affecting
semen quality, including occupational exposure, stress, and sea-
food intake, etc., thus failing to provide a stronger basis for the
improvement of reproductive health. However, the purpose of
this study is to provide clues for exploring the factors affecting
semen quality, to provide a scientific basis for the local govern-
ment and health administration to improve male reproductive
health in Wenzhou City regionally, and to provide a reference
for the prevention and control of infertile men in other regions.
In the future, we will further study the influencing factors of
semen quality parameters, especially environmental exposure
factors. In addition, this study was conducted on an infertile
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FIGURE 3: Local indicators of spatial association (LISA) cluster maps for the mean value of five semen quality parameters in infertile males in
Wenzhou, 2010–2018. LISA spatial cluster map shows the center of the cluster in color. H-H indicates a statistically significant cluster of high
each of mean value of five semen quality parameters, H-L represents high each of mean value of five semen quality parameters surrounded
with low each of mean value of five semen quality parameters, L-H represents low each of mean value of five semen quality parameters
surrounded with high each of mean value of five semen quality parameters, and L-L indicates a statistically significant cluster of low each of
mean value of five semen quality parameters. The base layer of the map was obtained from Resource and Environment Science and Data
Center (https://www.resdc.cn/Datalist1.aspx?FieldTyepID=7,1). (a) Progressive sperm motility. (b) Total sperm motility. (c) Total sperm
number. (d) Semen volume. (e) Normal sperm forms.
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population, and there was selection bias. Therefore, we need to
cautiously extend the results to the general population. In future
research, in addition to data from reproductive health centers,
we will also include data from other sources, such as physical
examination data, sperm bank data, etc., to expand coverage and
increase representativeness.

5. Conclusions

The main urban area of Wenzhou is the main cold spot area
for progressive sperm motility, total sperm motility, and
normal sperm forms, and the mean value of total sperm
motility is showing linear decreasing trends. The main urban
area is the “harder-hit area” of semen quality, and the gov-
ernment departments need to pay more attention to improve
male reproductive health in the main urban area and actively
control the potential influencing factors of male reproductive
health, such as occupational exposure and life stress. The
Dongtou (island) District is the main hot spot analyses of
total sperm number and semen volume, and the mean values
of total sperm number and semen volume are showing linear
increasing trends. The islands area is the “high-withdrawal
area” of semen quality, which might be benefited from good
environmental quality and plenty of seafood intake.
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