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Introduction 
 
Global warming will become more extreme in the 
coming decades (1). Environmental factors impact 

human reproductive disorders during their devel-
opment (2). In particular, heat stress is considered 

Abstract 
Background: Global warming, lifestyle, or working in a high temperature environment leads to have increased 
health risk factors. This meta-analysis was conducted to determine the impact of high ambient temperature on 
male reproductive function.  
Methods: Scientific articles were screened in the database including MEDLINE, EMBASE, National center for 
biotechnology information (NCBI) or Web of Science with relating keywords. Impact data of high ambient tem-
perature on semen parameters were extracted and analyzed by STATA software according to the Random Effects 
Model. The high ambient temperature exposure group and Non-exposure group were compared using the stand-
ard mean difference (SMD). Publications were evaluated for publication bias by Egger test. 
Results: Nine articles were finally selected from databases examining the effect of high ambient temperature on 
male reproductive health of 356 men from Iran, Italy, Thailand, China, Egypt. High ambient temperature showed 
a significant decrease in the seminal parameters, semen volume during each ejaculation (SMD = -0.74; 95% CI -
1.11, -0.36), sperm concentration (SMD = -1.07; 95% CI -1.42, -0.72), total sperm count (SMD = -1.52; 95% CI 
-2.96, -0.08), sperm motility (SMD = -1.93; 95% CI -2.83, -1.04), sperm progressive motility (SMD = -1.65; 95% 
CI -2.39, -0.91) and normal morphology (SMD = -2.41; 95% CI -3.30, -1.52). 
Conclusion: High ambient temperature negatively affects sperm quality, including decreased semen volume, 
sperm count, sperm concentration, motility and normal morphology. This might lead to protective strategies to 
avoid the adverse effects of high ambient temperature on male fertility.  
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to be the most influential cause of reproductive 
function in mammals (3). There are various causes 
the elevate scrotal temperature such as occupa-
tional exposure, lifestyle, or varicocele (4-10). 
Heat stress in animals affects not only one part of 
the body but also can extend to the entire body, 
although the heat effect was in contact with a sin-
gle particular organ or anatomical part (11). Dur-
ing spermatogenesis, the optimal temperature of 
the testicles is 2 to 4oC lower than body tempera-
ture (12). In 2020, Yan-Qing Wu showed that heat 
stress caused an increase in testicular tissue tem-
perature, decreasing sperm concentration and mo-
tility in humans who experienced scrotal warming 
(13). Heat stress damages human sperm by reduc-
ing sperm motility and viability (14). Each 1oC in-
crease in testicular temperature leads to a 14% de-
crease in spermatogenesis (15). High ambient tem-
perature drastically reduces sperm motility 
through decreased mitochondrial activity and ATP 
synthesis (16). Testicular tissue heated stress leads 
to apoptosis via mitochondrial pathways or DNA 
damage (17). Besides, damaged sperm in the vas 
deferens DNA breaks under the influence of high 
ambient temperature can lead to male infertility 
(18). Therefore, heat stress is a high-risk factor af-
fecting testicular tissue, reducing sperm quality, 
and increasing the risk of infertility. 
Many other factors are elevating testicular temper-
ature and they can be grouped according to habits, 
lifestyles (7; 19), occupational factors (i.e. pro-
longed exposure to high temperatures) (20; 21), 
and climate change (22). The association between 
the effect of high ambient temperature on human 
sperm parameters has also been investigated, but 
these results are indecisive and controversial. Re-
search conducted in the steel industry environ-
ment in Iran has shown that heat stress signifi-
cantly reduces sperm parameters: quantity, mor-
phology, and motility (5). In a study on 30 healthy 
male volunteers who had heated stress by belt 
warming, there were changes in morphology, con-
centration, motility, DNA integrity, and levels of 
FSH, LH (23). However, some reports have 
demonstrated no effect between temperature and 
male reproductive quality, Saikhun reported that: 
the semen parameters of two groups (used sauna 

and control groups) had no statistically significant 
difference (24). The average sperm velocity had 
non-significant differences even though the par-
ticipants had a long exposure to high temperatures 
(25). Besides, Hjollund NHI concluded scrotal 
temperature was not significantly associated with 
sperm motility, morphology, pH of semen, and 
level of testosterone (26).  
This study collected 9 separate publications pub-
lished over 26 years from 1992 to 2017 on the ef-
fects of high ambient temperature on the male re-
productive health of a total of 336 men. It was 
based on the search PRISMA checklist (27) and 
the PICO model was by the research question and 
search term. The current study aimed to evaluate 
the relationship between the temperature and the 
quality of spermatogenesis based on an accurate 
review of the best available studies at the research 
time. 
 

Methods 
 
Search strategy and identification of relevant 
studies 
The search protocol of this study was carried out 
according to the PRISMA checklist and the PICO 
model. Population: a male who had been exposed 
to heat stress. Intervention: Heat stress. Compar-
ator: Non-exposure group and Heat exposure 
group. Outcomes: High ambient temperature on 
sperm parameters. Our search strategy is based on 
relevant keywords related to our topic, scientific 
articles were manually searched via the PubMed, 
Embase, and Google scholar websites with the 
terms: “heat stress”, “high ambient temperature”, 
“thermal shock”, “testicular heating”, “scrotal 
heating”, “high temperature”, “work exposure”, 
“steel industry”, “ceramic industry”, “sauna”, 
“male infertility”, “semen parameters”, “semen 
quality”, “sperm abnormal”, “sperm characteris-
tics”, “human sperm”, “impaired spermatogene-
sis”. As a result, this study has obtained 916 scien-
tific articles and examined the details of each arti-
cle based on information on its title, abstract, and 
case report, excluding those that were exhaustive 
examinations, or duplicated ones. These analyses 
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identified 178 eligible full-text articles for further 
selection. Finally, 9 articles were selected for the 
main analysis in this meta-study. The other 169 ar-
ticles were excluded from the study if they are re-
views, in vitro studies, studies with data only in the 
graphical format, studies not reporting data of in-
terest, or those that have no data available. The 
reference list of primary research reports was 
cross-checked in an attempt to identify additional 
studies. 
 
Criteria for inclusion and exclusion 
The studies which fulfilled the criteria given below 
were considered eligible and selected for this 
meta-analysis: (a) evaluating the association of 
high ambient temperature on sperm parameters; 
(b) including cases and control groups; (c) study-
ing the sperm parameters with habits; (d) studying 
sperm parameters in the context of occupational 
or environmental exposure to temperature; (e) 
studies representing original data; (f) studies were 
written in English. Articles have been removed 
from our reviewed list: (a) being a review, case re-
port, or conference summary; (b) containing no 
original data or are not related to the subject of 
study; (c) having no available data regarding sperm 
and high ambient temperature. 
 
Collect data for analysis (Data extraction) 
Researchers investigated and found differences 
between independently produced documents - the 
following information was gathered in a standard 
format: first author’s last name; year of publica-
tion; country of origin; the number of subjects; 
mean age, data related to the effect of high ambi-
ent temperature on male standard semen parame-
ters such as semen volume (mL), concentration 
(106 sperm/mL), sperm motility (%), normal mor-
phology, abnormal morphology, and defective 
sperm. Indicator values are described as means 
and standard or median deviation and interquartile 
range (IQR). If data is provided as median and 
IQR, convert it to mean and standard deviation 
before meta-analysis (28; 29).  
 
 
 

Statistical analysis 
Random-effects models were used to synthesize 
the association in the middle between high ambi-
ent temperature and sperm parameters. The values 
of the Heat exposure and Non-exposure groups 
were compared using the standard mean differ-
ence (SMD). The heterogeneity study was de-
scribed using the Higgins metric I2 (30). An I2 
value of 0% was considered to be no observed het-
erogeneity, while a value greater than 50% was 
considered substantial heterogeneity. The inverse 
variance method was applied to pool the mean dif-
ference. If data were provided as the median and 
using interquartile range (IQR) these measures 
were transformed into mean and standard devia-
tion (SD). Fixed-effects and random-effects mod-
els with 95% confidence intervals (CI) were used 
to estimate the mean effect of high outdoor tem-
perature on men's semen parameters. Egger test 
and funnel plots were used to assess the publica-
tion bias of selected articles in this study. Three 
authors independently reviewed and selected final 
full-text articles from the identifying relevant arti-
cle list for the meta-analysis step. The meta-analy-
sis was performed using Stata SE version 15 soft-
ware (Stata Corp, College Station, TX, USA). 
 

Results 
 
Characterization of eligible studies 
The results of 916 scientific articles were initially 
found, of which 738 studies were removed from 
the list due to the non-responsive title and sum-
mary. The remaining 178 full-text articles contin-
ued to be reviewed in detail. As a result, the other 
169 articles were excluded if they had duplicate 
content, only graphic data, review studies, animal 
studies, or in vitro study (Fig. 1). Finally, this study 
has analyzed 9 separate articles (5; 7; 23-25; 31-34) 
over 26 years from 1992 to 2017 in terms of the 
effects of the high ambient temperature on the 
male reproductive health of a total of 336 men 
search was completed by June 30th, 2020 (Table 1). 
In these 9 scientific reports on the impact of high 
ambient temperature exposure on human semen 
parameters, there are 6 articles reported on semen 
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volume, 7 articles having information on sperm 
concentration, 5 articles relating to total sperm 
count, results in sperm motility found in 6 articles, 

and details of sperm morphological covered in 6 
articles.  

 

 
Fig. 1: The selection process of articles for this meta-analysis study 

 
Table 1: Summary of studies included in the meta-analysis collected until June 30, 2020 

 
No Study ID Year Coun-

try 
Participa-
tion 

n Heat exposure method Non-exposure group Heat exposure group 

n Age Scrotal 
tempera-
ture 

n Age Scrotal 
tempera-
ture 

1 Ha-
merezaee 
2017 

2017 Iran Workers in 
the steel in-
dustry 

44 Workers had been ex-
posed to heat stress for 
approximately 4 h daily 

14 32.1±7.2 34.79±0.41 30 33.2±6.8 35.85±1.26 

2 Garolla A 
2012 

2012 Italy Volunteers 
have used the 
sauna  

20 Volunteers underwent 
two sauna sessions per 
week for 3 months, at 
80–90°C, each lasting 15 
minutes. 

10 33.2±4.7 34,5±0.68 10 33.2±4.7 37,5±0.48 

3 Saikhun J 
1998a 

1998 Thai-
land 

Volunteers 
have used the 
sauna  

8 Volunteers used the 
sauna at a temperature of 
80±90°C in the same 
sauna room for 30 min 
per day for 1 week. 

8 30  
(22-53) 

35.2±0.2 8 30 
(22-53) 

37.6±0.2 

 Saikhun J 
1998b 

1998 Thai-
land 

Volunteers 
have used the 
sauna  

8 Volunteers used a sauna 
at a temperature of 
80±90°C in the same 
sauna room for 30 min 
per day for 2 weeks. 

8 30 
(22-53) 

35.2±0.2 8 30 
(22-53) 

37.6±0.2 
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4 Zhang MH 
2017a 

2017 China Volunteers 
were ex-
posed to an 
electric 
warming bag 
attached to 
the under-
pants 

30 Volunteers were exposed 
to the condition of 40 to 
43°C scrotal heating belt 
warming 40 min each day 
for successive 2 days per 
week, for 1 month. 

30 34.3 ± 4.5 N/A 29 34.3 ± 4.5 43.0 ± 0.5 

 Zhang MH 
2017b 

2017 China Volunteers 
were ex-
posed to an 
electric 
warming bag 
attached to 
the under-
pants 

30 Volunteers were exposed 
to the condition of 40 to 
43°C scrotal heating belt 
warming 40 min each day 
for successive 2 days per 
week, for 2 months. 

30 34.3 ± 4.5 N/A 30 34.3 ± 4.5 43.0 ± 0.5 

 Zhang MH 
2017c 

2017 China Volunteers 
were ex-
posed to an 
electric 
warming bag 
attached to 
the under-
pants 

30 Volunteers were exposed 
to the condition of 40 to 
43°C scrotal heating belt 
warming 40 min each day 
for successive 2 days per 
week, for 3 months. 

30 34.3 ± 4.5 N/A 30 34.3 ± 4.5 43.0 ± 0.5 

5 Momen 
MN 2010 

2010 Egypt Workers ex-
posed to a 
high temper-
ature  

130 Workers from the con-
tinuous steel-casting 
plant, where exposure to 
heat occurs for about 5 
hours. 

90 32.6±4.3 34.38±0.22 40 31.9±3.9 34.48±0.27 

6 Rao M 
2015 

2015 China Volunteers 
testicular 
warming in a 
water bath  

20 Volunteers received tes-
ticular warming in a 43°C 
water bath 10 times, for 
30 min each time. 

10 32.2±7.0 N/A 10 34.1±6.1 43°C 

7 Figa-Tala-
manca 
1992 

1992 Italy Workers in 
the ceramics 
industry 

60 Workers in the ceramics 
industry had been ex-
posed to high ambient 
temperature. 

14 40.7±10.2 N/A 46 42.3±7.9 42°C 

8 Zhang MH 
2015 a 

2015 China Volunteers 
locally at 
scrotal heat 
stress belt 
warming  

25 Volunteers locally at 40–
43°C scrotal heating belt 
warming 40 min each day 
for successive 2 days per 
week, continuously 
3 months. 

25 34.6 ± 4.5 N/A 25 34.6 ± 4.5 40.0 to 43.0 

9 Zhang MH 
2015 b 

2015 China Volunteers 
locally at 
scrotal heat 
stress belt 
warming  

19 Volunteers were exposed 
to the condition of 40–
43°C scrotal heating belt 
warming 40 min each day 
for successive 2 days per 
week, continuously for 3 
months. 

19 34.75±2.6 N/A 19 34.75±2.6 43°C 

 
Association between high ambient tempera-
ture and semen volume 
The impact of high ambient temperature exposure 
on subjects’ semen volume was analyzed, the re-
sults are shown in Fig. 2a and Table 2. Data were 
analyzed according to the Random Effects Model. 
The difference between studies was large (I-
squared heterogeneity index=79.4%, P<0.001). 
Each study weighed (% weight) from 5.11 to 9.18. 

The standard mean difference (SMD) difference 
between the Heat exposure group and the Non-
exposure group was -0.74 (95% CI: -1.11, - 0.36). 
Exposure to heat stress reduced semen volume 
per ejaculation. In Fig. 2b, the publication bias of 
these selected articles on the effects of high ambi-
ent temperature exposure on semen volume was 
analyzed by the Egger test. There was no publica-
tion bias with P for bias = 0.147. 
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Table 2: Associations between high ambient temperature and sperm parameters 

 

Sperm parameter No. of stud-
ies 

SMD (95% CI) Egger's 
test t 

P-value for 
bias 

Semen volume 13 -0.74 (-1.11, -0.36) -1.56 0.147 

Sperm concentration 13 -1.07 (-1.42, -0.72) 0.48 0.639 

Sperm count 5 -1.52 (-2.96, -0.08) -0.99 0.397 
Sperm motility 11 -1.93 (-2.83, -1.04) -1.58 0.150 
Sperm progressive motility  9 -1.65 (-2.39, -0.91) 2.25 0.059 
Sperm morphology 13 -2.41 (-3.30, -1.52) -2.01 0.070 

 

 
Fig. 2: Association between high ambient temperatures and semen volume 
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a. Forest plot for the association between heat stress and semen volume; b. Evaluation publication bias among stud-
ies included in the meta-analysis by Egger publication bias plot 

 
Association between high ambient tempera-
ture and sperm concentration 
The results of the analysis showed that exposure 
to high ambient temperatures reduced sperm den-
sity in semen volume (Fig. 3a and Table 2). The 
difference between the studies was large (I-

squared heterogeneity=70.5%, P<0.001), 
weighted from 4.81 to 8.83. The mean SMD cali-
brated mean dissimilar between the Heat exposure 
and the Non-exposure group was -1.07 (95% CI: -
1.42, -0.72). The analytical results showed no pub-
lication bias with P-Value for bias=0.639 (Fig. 3b). 

 
 

 
Fig. 3: Association between high ambient temperatures and sperm concentration 

a. Forest plot for the association between heat stress and sperm concentration; b. Evaluation publication bias among 
studies included in the meta-analysis by Egger publication bias plot 
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Association between high ambient tempera-
ture and sperm count 
Figure 4 demonstrates the effect of heat stress ex-
posure on sperm count. Related studies have a 
large difference among them (I-squared heteroge-
neity=92.6%, P<0.001). Weight between 18.58 
and 21.81. The mean difference in SMD calibra-
tion between the Heat exposure group and the 

Non-exposure group was -1.52 (95% CI: -2.96, -
0.08) (Fig. 4a and Table 2). Exposure to heat stress 
reduces the total number of spermatozoa in se-
men. The results of the publication bias assess-
ment are presented in Fig. 4b. There was no statis-
tically significant publication bias found among se-
lected articles on the effects of heat stress expo-
sure on sperm count with P for bias=0.397. 

 

 
 

Fig. 4: Association between high ambient temperatures and sperm count 
a. Forest plot for the association between heat stress and sperm count; b. Evaluation publication bias among studies 

included in the meta-analysis by Egger publication bias plot 

 
Association between high ambient tempera-
ture and sperm motility 

The impact of high ambient temperature exposure 
on sperm motility was shown in Fig. 5 and Table 
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2. The meta-analysis showed exposure to heat 
stress reduced sperm motility in semen (11 studies 
from 6 scientific articles). The difference among 
the studies was large (I-squared heterogene-
ity=93.8%, P>0.001). The mean SMD calibration 
difference between the Heat exposure group and 
the Non-exposure group was -1.93 (95% CI: -2.83, 
-1.04) (Fig. 5a). There was no publication bias with 
P for bias=0.150 (Fig. 5b). Similarly, the results of 
analysis of the effects of exposure to heat stress on 
sperm progressive motility (9 studies from 4 scien-
tific articles) showed that exposure to heat stress 

decreased the progressive mobility of sperm in the 
semen accumulation. The mean difference in 
SMD calibration between the Heat exposure 
group and the Non-exposure group was -1.65 
(95% CI: -2.39, -0.91) (Fig. 6a). Results of the pub-
lication bias assessment in these articles of the im-
pact of high ambient temperature exposure on 
sperm progressive motility, by the Egger test, 
showed no publication bias with P=0.059 (Fig. 
6b). 
 

 
Fig. 5: Association between high ambient temperatures and sperm motility 

a. Forest plot for the association between heat stress and sperm motility; b. Evaluation publication bias among studies included 
in the meta-analysis by Egger publication bias plot 
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Fig. 6: Association between high ambient temperatures and sperm progressive motility 
a. Forest plot for the association between heat stress and sperm motility; b. Evaluation publication bias among studies included 

in the meta-analysis by Egger publication bias plot 

 

Association between high ambient tempera-
ture and sperm morphology 
The meta-analysis was also utilized to investigate 
the association between high ambient temperature 
and sperm morphology, the results are presented 
in Fig. 7a and Table 2. The studies have a large 
difference (I-squared heterogeneity=93.2%, 
P>0.001), weight from 7.44 to 8.00. The mean 
SMD calibration difference between the Heat ex-
posure group and the Non-exposure group was -

2.41 (95% CI: -3.30, -1.52). Exposure to heat 
stress reduces the number of normally morpho-
logically shaped sperm in semen accumulation. 
There was no publication bias among the studies 
related to sperm morphology status after males 
had been exposed to elevated ambient tempera-
tures, demonstrated by the Egger test with P for 
bias =0.070 (Fig.7b).  
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Fig. 7: Association between high ambient temperatures and sperm morphology 

a. Forest plot for the association between heat stress and sperm motility; b. Evaluation publication bias among studies included 
in the meta-analysis by Egger publication bias plot 

 

Discussion 
 
Global warming is dangerous to public health, ac-
cording to the statistic estimation of Europe, heat-
waves in 2003 caused 70,000 deaths (35), and in 
Russia in 2010 also led to 11,000 deaths (36). 
There are many causes of global warming such as 
climate change, wildfires, and smog, along with the 
lack of crops, which contribute to further mortal-
ity (37). Surface temperature will continue to rise 
in many parts of the world. By the year 2100, about 
the worst-case climate change scenario, Earth's 
surface temperature will continue to increase by 3-
4oC unless the treaties on reducing industrial gas 
emissions around the world are implemented (38). 
The relationship between the ambient tempera-
ture and mortality needs special attention (39). 
However, when the outside temperature exceeded 
the permissible limits, whether they were pro-
longed heatwaves in summer or cold spells in win-
ter, it likely led to an increase in the death rate (40). 
For low- and middle-income countries where the 
working condition has many disadvantages, occu-
pational factors affecting reproductive health need 
to be more attentive because it affects not only the 
economy but also the development of society (41). 

In South America and Asia, climate change influ-
ences both mental and physical health, and the ef-
fects on populations are increasingly negative (42). 
Many occupational factors have been identified as 
possible causes of the decline in male fertility. 
They include materials commonly used in industry 
and agriculture, for example, heavy metals and var-
ious chemical agents. In addition, other physical 
factors such as elevated Earth's surface tempera-
ture, radiation exposure, and biological factors (i.e. 
phyto- and xeno-estrogen pollution in the envi-
ronment) were detrimental to male physiological 
function. These effects not only reduce sperm 
concentration but also lead to changes in sexual 
behavior, mood disturbances, and cause genital 
cancer (22). Moreover, the difference in sperm 
quality was significant when combined with other 
occupational risks such as the forced working pos-
ture of workers (43).  
There was many strong scientific evidence on the 
quality of men's sperm is influenced by the high 
temperature. The rate of male infertility tended to 
increase because citizens worked in high-tempera-
ture environments for many hours (20). Moreover, 
heat stress has a direct impact on work perfor-
mance by increasing the risk of illness and work-
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related injuries. Boni et al. demonstrated high am-
bient temperature as a serious threat to reproduc-
tive function in humans (44). Similarly, Ha-
merezaee et al. have drawn similar results about 
the effects of temperature stress on semen quality 
when studying steels industry workers in Iran (5). 
There was another large-scale epidemiological 
study at a Danish infertility clinic in which subjects 
underwent sperm examinations or infertility treat-
ments and provided information on occupational 
exposure. The groups of workers exposed to tex-
tile dyes or lead, noise, cadmium, or mercury were 
all potentially infertile (45). In another case, a study 
conducted in a fertility clinic in New Orleans 
found that men working in buildings without air 
conditioning during summertime would reduce 
their sperm quality. In contrast, a study in the ce-
ramic industry reported that workers exposed to 
high temperatures had no significant difference in 
semen analysis except for the sperm velocity (25). 
Furthermore, the mean physiological parameters 
did not differ significantly between subjects 
adapted and non-adapted at the office and work-
place (46).  
In addition to reports showing the link between 
sperm parameters and exposure to the workplace 
with high ambient temperature, there were also re-
ports of the importance of diet, physical activity, 
and habit management on the quality of sperms 
(7). The percentage of sperm motility was signifi-
cantly reduced if men worked or slept in a warm 
environment, sat for an average workday of 6 
hours, wore tight-fitting underwear when sleeping, 
or use electrical blankets-cotton (10). Testicular 
hyperthermia caused by elevating the testicles into 
the groin during the day would alter the sperm 
characteristics (47), including the decrease in 
sperm motility parameters (10). In Finland and the 
Nordic countries, there was a high demand for 
studies on the effect of saunas on male fertility. 
Exposure to high temperatures in a sauna causes 
significant sperm impairments, including fluctua-
tions in sperm indexes, mitochondrial function, 
and sperm DNA closure (7). Moreover, in a study 
of regular sauna bathers (n=10), the male repro-
ductive function was disrupted and could be al-
tered (48). Regarding the biological mechanisms of 

the effect of heat on male fertility, it was suggested 
several mechanisms. High ambient temperature 
occurs, leading to high levels of crystalline nitric 
oxide (NO), nitric oxide synthase (NOS), macro-
phage movement inhibitors (MIF), sperm DNA 
integrity; the condensation of chromosomes, and 
Caspase-3 increases. While the concentration of 
Caspase-3 (Cysteine-requiring Aspartate Protease) 
is an important sieving enzyme for apoptosis. 
When Caspase-3 is activated and loses the integrity 
of DNA fragmentation, other markers of end-
stage apoptosis are expressed by a different pro-
portion of ejaculated sperm (49).  
 

Conclusion 
 

Various factors such as high ambient temperature 
in living or occupational environments, and un-
healthy living habits, would increase the tempera-
ture of the scrotum, therefore, inducing negative 
effects on sperm quality. These factors may ad-
versely affect male fertility. There is an urgent need 
to make recommendations and strategies to pro-
tect the health of people living or working in high-
temperature environments, especially the repro-
ductive health of males. 
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