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Abstract: The global decline in sperm quality remains poorly understood, with limited research on 
environmental exposures like rising temperatures from climate change. This study explored the 
association between extreme temperatures and sperm quality, focusing on normal and abnormal 
sperm parameters. Sperm data from Soroka fertility clinics (2009–2023) were analyzed alongside 
ambient temperatures from nearby monitoring stations up to 90 days before sample collection. 
Summer temperatures ranged from 25.3°C to 46.4°C, and winter minimums ranged from 0.1°C to 
24.5°C. Directed Acyclic Graphs guided confounder selection for Generalized Additive Mixed 
Models and Distributed Lag Models, while Mixed-Effect Negative Binomial Regressions compared 
sperm quality across temperature extremes. Low winter temperatures were significantly associated 
with reduced motility, with a 5.8% decrease (p < 0.001). Men with abnormal motility, Jewish men, 
and older men were most affected, showing motility reductions of 3.59%–6.53%. Minimal effects of 
extreme summer heat were observed, except for a borderline significant 5.92% decrease in motility 
among men from lower socioeconomic backgrounds. These findings highlight the negative impact 
of extreme cold on sperm motility, with potential adaptation to summer heat in desert climates. 
Further research is needed, particularly among vulnerable groups, as climate change increases 
temperature extremes. 
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1. Introduction 

Climate change is an undeniable reality, and its consequences are being felt across the globe. 
Rising temperatures, frequent heat waves, and other extreme weather events are increasingly 
common [1,2]. At the same time, male factor-related infertility is a rising phenomenon among infertile 
couples, with 40-50% of fertility cases attributed to men [3]. Today, approximately 2% of all men have 
suboptimal sperm according to at least one parameter of sperm quality [4]. The decline in sperm 
quality was first reported in 1974 [5], and since then, numerous studies have confirmed this trend 
among men worldwide [6–9], most recently in a 2022 widely-reported meta-analysis by Levine et al 
[10]. Despite the concurrent decline of sperm quality and deepening understanding of the wide-
ranging adverse health implications of climate change, there is a lack of research about the impact of 
environmental exposures on sperm quality. In this project we focused on heat as one environmental 
factor that may be contributing to this trend.  

Four of the main parameters in sperm quality analyses are percentage of motile sperm, 
percentage of progressively motile sperm, normal sperm count (millions per ejaculate), and sperm 
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concentration (millions per milliliter of semen). Motility, or mobility, is the ability of the sperm cell 
to move, while progressive motility is the ability of the cell to move toward the ovum, as opposed to 
vibrating in place. Sperm quality and its variation can be due to both the physiological and 
environmental factors that men are exposed to during the approximately 90 days of spermatogenesis 
[11]. 

The relationship between ambient temperature and sperm quality is gaining attention [12–14]. 
The male body is built to regulate the temperature of the testes through an adaptation mechanism 
called thermoregulation [15]. When the temperature around the testes rapidly increases, 
thermoregulation may fail, and studies have shown that an increase in testicular temperature can 
lead to testicular hyperthermia and genital heat stress, resulting in decreased sperm concentration, 
motility, and viability [16,17]. However, there is a lack of research on the effects of environmental 
rather than directly applied heat on sperm quality.  

A small number of studies have examined the impact of ambient temperature on sperm quality. 
In the first, researchers looked at the effect of ambient air temperature and pollution on sperm 
concentration and total sperm volume during the coldest months of the year in Northern Italy, 
reporting a slight inverse relationship between air temperature and sperm quality [18] where 
increased temperature was linked to reduced sperm quality. The second study [12], conducted in 
Wuhan, China in 2020, was one of the first to examine the effect of ambient temperature on sperm 
quality year-round. Wang et al found that an increase of one degree above a temperature threshold 
was associated with a decrease in normal sperm morphology. Motility and sperm concentration were 
affected only in the earliest stages of cell development.  

Most recently, Reimer-Benaim et al reported on the impact of seasonality on the relationship 
between temperature and sperm quality in the Southern Israel [19]. Specifically, researchers reported 
that this relationship differed between the sperm quality parameters and across stages of 
spermatogenesis. Motility and sperm concentration improved with increased temperatures until a 
temperature threshold of 230C was reached and they began to decline. Reiner-Benaim’s research 
focused on the mean daily temperatures, while this project zeroes in on the minimal and maximal 
daily temperatures in winter and summer, respectively. Additionally, this paper covers a longer 
study period (2009-2023) compared to Reiner-Benaim’s paper which included data from 2016 to 2022.  

The Negev region of Israel provides a unique opportunity to study the effects of extreme 
temperature. The region is arid and semi-arid, spanning from Kiryat Gat south to Eilat, and covers 
more than half of Israel’s territory. Winters in this region are characterized by very cold nights and 
relatively warm days and summers are very hot. SUMC is the only tertiary hospital in the Southern 
Israel, a region that covers over 60% of the country. The men arriving for sperm analysis are covered 
by the universal healthcare law, ensuring that the sperm analysis results are representative of the 
population of couples requiring infertility treatment. The collection of sperm analysis values from 
men attending the fertility clinic at SUMC is an excellent resource for studying sperm quality over 
time and associated risk factors [20,21]. Given that the clinic's patient population seeks to determine 
the source of infertility, whether from the male or female partner, the male cohort includes both fertile 
and infertile individuals. This provides an opportunity to investigate these groups separately, with 
particular focus on the healthy group, which can serve as a representative sample of the general male 
population for comparative studies. Additional stratification can be made by the medical history of 
individuals attending the clinic, as well as demographic and socioeconomic factors. 

In this analysis, our goal was to assess the relationship between extreme desert climate 
temperatures and sperm quality, with an emphasis on identifying at-risk subpopulations. 
Highlighting these groups could provide physicians with targeted recommendations for patients 
undergoing fertility treatment. 

2. Materials and Methods 

We conducted a retrospective population-based study of 11,782 men who underwent semen 
analysis at Soroka University Medical Center between May 2009 and March 2023.  
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Clinical data, including comorbidities, past hospitalizations, medications, and sperm analysis 
results were collected through the SUMC fertility database and Chameleon EMR. Demographic data, 
including residential coordinates, age, smoking status, immigration status with place of birth, 
socioeconomic information, was sourced from the database of all Clalit HMO clinics in the region.  

Environmental data, as in temperature and relative humidity records, were obtained from 
monitoring station reports from the Ministry of Environmental Protection (MoEP) and Israeli 
Meteorological Services (IMS). These stations report temperature readings in 5-minute increments, 
from which we calculated mean hourly temperatures. Outlier temperature readings, defined as 
exceeding a 15-degree difference and 3 standard deviations from the average temperature of that 
station’s district on that day, were coded as missing. We performed a spatial join, matching each 
patient with the closest five stations to his residents and collecting temperature and RH 
measurements for the 90 days preceding each sperm analysis test. 

We sought to explore the association of high temperature exposure with sperm quality results 
throughout the 90-day period of spermatogenesis and identify the stage of spermatogenesis that is 
most sensitive to temperature. To do so, we built a Distributed Nonlinear Lag Model (DNLM) to 
model the lagged effects of temperature over the 90, 30, and 7 days before sperm analysis. We used 
a crossbasis matrix to predict the lag temperature and RH values and included these both in the 
generalized linear model (GLM) analysis, with the RH crossbasis matrix as a covariate. We used an 
Akaike Information Criterion (AIC) test for goodness of fit metrics.  

We used the average maximal temperature in the two days preceding sperm analysis as the 
primary exposure at study for summer months. The average minimal temperature in the two days 
preceding sperm analysis was the primary exposure for winter months.  

We used a generalized additive mixed models (GAMM) with a cubic spline function to account 
for the nonlinear relationship between temperature, RH, SES and the outcome variables. 
Furthermore, individual patients were treated as clusters, and therefore assigned random intercepts, 
to account for repeated measurements taken on the same individuals. The results of sperm 
concentration analysis were log-transformed. Motility was our primary outcome as our literature 
review indicates that it is a critical sperm parameter for fertility and serves as a reliable indicator of 
overall health [11]. Progressive motility, normal cells, sperm concentration, total sperm count, and 
semen volume were secondary outcome variables. We used a mixed-effect negative binomial 
regression to estimate the relative effect of exposure to the bottom 25th percent of temperatures in the 
winter and the top 25th percent of temperatures in the summer on sperm quality parameters.  

We used a directed acyclic graph (DAG) to assess potential confounding variables, which were 
included as covariates. Relative humidity and socioeconomic status were included as potential 
confounders for these analyses. We performed subgroup analyses to determine what groups are most 
impacted by exposure to the bottom 25th and top 25th percentiles of ambient temperatures and its 
impact on motility.  

Men who had at least one sperm parameter classified as “out of range” according to the WHO 
sperm analysis standards [11] were classified as “abnormal”. For our subgroup analysis of motility, 
those with low motility results (under 39%) were classified “abnormal”. Low socioeconomic status 
(SES) is defined as men receiving a score of 0-2 and high SES as a score above 8, a distinction made 
based on the distribution of SES among this population. Men who had at least one chronic diagnosis 
at any of their testing encounters were designated as having some comorbidity.  

3. Results 

3.1.1. Demographic Results 

In all, 11,782 men were included in the study analysis. Almost all men were tested at least twice, 
resulting in 21,331 testing “encounters.” The age range of this population at the time of the semen 
analysis is 18 to 79, with an average age of 31 (Table 1). Thirty-two percent (32%) of men were Arab 
and 68% were Jewish. Forty-seven percent (47%) of men had normal sperm quality results across all 
parameters, 42% among Arab and 54% among Jewish participants. Men with abnormal sperm were 
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of lower socioeconomic status, slightly older, and smoked slightly more than those with normal 
sperm. The former group also had higher rates of every chronic illness that was assessed, especially 
diabetes, hyperlipidemia, and hypertension. Jewish men had lower rates of comorbidity and 
significantly better sperm quality across all parameters (ibid).  The median percentage of motile 
sperm in all testing encounters was 56% and 46% for progressively motile sperm (Table 1 and Figure 
A1). 

Table 1. Demographic and sperm quality information of individuals who underwent sperm analysis 
in SUMC fertility clinic 2009-2023. N = 21,331 testing encounters. 

Patients’ 

characteristics 

Total 

(N= 21,331) 

Jewish Arab Normal  Abnormal 

(N=13,192) (N=7,134) (N=10,043) (N=10,288) 

Age, years 

     Mean±SD 

(n) 

     Median 

32.7 ± 8.4 (21,331) 

31 

32.7±7.9 (13,192) 

32 

32.2±9.1(7,134) 

30 

31.9±7.7 

(10,043) 

31 

33.2±8.9 

(10,288) 

32 

SES (0-10) 

     Mean±SD 

(n) 

     Median 

 

4.5 ± 2.8 (21,331) 

5 

 

4.8±2.5 (13,192) 

5 

 

1.6± 2.5 (7,134) 

1  

 

3.9±2.9 

(10,043) 

4 

 

3.4±2.9 

(10,288) 

3 

Smoking, % 

(n/N) 
40.4 (8,617/21,331) 

45.0 

(4,913/13,192) 

48.7 

(3,605/7,134) 

45.3 

(4,549/10,043) 

47.4 

(4,876/10,288) 

Comorbidities (%, n/N)     

     Diabetes 7.2 (1,535/21,331)  5.4 (733/13,192)  9.9 (803/7,134) 
4.7 

(472/10,043) 

9.2 

(946/10,288) 

     

Hyperlipidemia 

 19.0 

(4,052/21,331) 

 18.6 

(2,529/13,192) 

 21.1 

(1,685/7,134) 

16.6 

(1,667/10,043) 

22.3 

(2,294/10,288) 

     Obesity 
 18.5 

(3,946/21,331) 

 16.8 

(2,268/13,192) 

 21.3 

(1,641/7,134) 

16.6 

(1,677/10,043) 

19.9 

(2,047/10,288) 

     

Hypertension 
 5.6 (1,194/21,331)  5.2 (712/13,192)  6.0 (483/7,134) 

3.9 

(391/10,043) 

7.0 

(720/10,288) 

Sperm Quality      

Motility, % 

     Mean±SD 

(n) 

     Median 

 

52.2 ± 22.1 

(14,385) 

56 

 

53.3±21.0 (9,225) 

57 

 

50.0±23.7 

(5,160) 

53 

 

63.4±13.0 

(10,399)  

63 

 

22.7±10.9 

(3,986) 

24 

Progressive 

Motility, % 

     Mean±SD 

(n) 

     Median  

 

 

43.8 ± 21.4 

(14,686) 

46 

 

 

45.3±20.9 (9,552) 

47 

 

 

41.1±22.1 

(5,154) 

42 

55.0±13.7 

(10,355) 

54 

17.1±9.4 

(4,331) 

18 
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Normal Cell 

Count, 106 per 

ejaculate 

     Mean±SD 

(n) 

     Median 

 

 

3.7 ± 2.2 (13,455) 

3 

 

 

3.8±2.2 (8,974) 

4 

 

 

3.3±1.9 (4,481) 

3 

 

 

NA 

 

 

NA 

Sperm 

Concentration, 

106 per ml 

     Mean±SD 

(n) 

     Median 

 

53.1 ± 47.9 

(14,852) 

40 

 

58.9 ± 49.6 (9,226) 

50 

 

42.3±41.9 

(5,163) 

30 

 

65.0±43.4 

(11,170) 

55 

 

6.2±4.4 

(3,168) 

6 

Semen Volume, 

ml 

     Mean±SD 

(n) 

     Median  

2.5 ± 1.5 (19,558) 

2 

2.6 ± 1.7 (12,261) 

2 

 

2.4 ± 1.6 (7,291) 

2 

 

2.5±1.02 

(14,248) 

2 

0.6±1.5 

(3,512) 

1 

3.1.2. Confounder and Time Window Selection 

Using the DAG methodology, we determined SES and RH to be potential confounders, as lower 
SES may lead to higher exposure to extreme temperature levels, as well as poorer sperm quality. 
Likewise, relative humidity is also related to ambient temperature and is thought to harm sperm 
quality (Figure 1). Using DNLM analysis, we estimated the lagged effect of temperature on sperm 
quality 90, 30, and 7 days before the sperm analysis, controlling for RH and SES. We identified lag 0-
1 days as the most relevant exposure window for the effect of temperature on motility, progressive 
motility, and sperm concentration (Figure A2) and proceeded to estimate this relationship for the 
temperatures averaged over 0-1 lag window period. 

 
Figure 1. Directed Acyclic Graph to determine minimum adjustment set. 
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3.1.3. Seasonal Analysis 

The impact of temperature varied between seasons, necessitating a stratification by seasons as 
shown in Figures 2 and 3 for summer and winter. Maximum daily temperatures in the summer 
months (May-September) ranged from 25.3-46.4 degrees Celsius, and minimal daily temperatures in 
winter (December-March) ranged from 0.7-20.7 degrees Celsius. The bottom 25% of minimum winter 
temperatures ranged from 0.7-7.1 degrees Celsius, and the top 25% of maximum daily summer 
temperatures ranged from 34.3-43.1 degrees Celsius. Test results of those who were exposed to the 
bottom quartile of minimum daily temperatures in the two days preceding testing in winter months 
showed 5.8% (p-value <0.001) fewer motile sperm cells, on average, than for those who were exposed 
to the higher 75% of winter temperatures (Table 2). Progressive motility was similarly negatively 
associated with low temperatures in winter months, decreasing by 7.07% (p-value <0.001), on 
average, relative to higher minimum daily temperatures. Results for sperm concentration, semen 
volume, total cell, and normal cell count in winter months were not significant. Exposure to the top 
25th percent of maximum daily temperatures in the summer did not present a significant effect on 
motility (Percent Change= -0.62%, p-value 0.721).  

Table 2. Association between temperature in two days preceding testing and sperm analysis results. 
Results of mixed-effect negative binomial regression. 

 

Yearlong 

(Bottom 25th 

percentile) 

Yearlong 

(Top 25th 

percentile) 

Winter 

(Bottom 25th 

percentile) 

Summer (Top 25th 

percentile) 

Motility (% Change, 

p-value, N) 

 

-11.19 

(<0.001) 

(N=14,849) 

6.21 

(<0.001) 

(N=14,849) 

-5.52 

0.003 

(N=5,251) 

-0.62 

0.721 

(N=4,257) 

Progressive 

motility (% Change, 

p-value, N) 

-13.54 

(<0.001) 

(N=14,686) 

6.21 

(<0.001) 

(N=14,686) 

-7.07 

0.001 

(N=5,249) 

0.59 

0.767 

(N=4,246) 

Sperm 

concentration (% 

change, in 106 

cells/ml, p-value, N) 

4.01 

(0.015) 

(N=14,852) 

-6.34 

(<0.001) 

(N=14,852) 

-4.65 

(0.135) 

(N=5,252) 

-1.59 

(0.674) 

(N=4,255) 

Normal cells (% 

change, in 106 per 

ejaculate, p-value, 

N) 

4.48 

(<0.001) 

(N=13,460) 

-6.20 

(<0.001) 

(N=13,460) 

2.63 

(0.202) 

(N=4,746) 

-5.80 

(<0.001) 

(N=4,232) 

Semen Volume (% 

change, in ml, p-

value, N) 

0.20 

(0.895) 

(N=19,558) 

 

-0.94 

(0.525) 

(N=19,558) 

 

-0.64 

(0.754) 

(N=6,649) 

 

1.74 

(0.532) 

(N=6,649) 

 

Table 2 Yearlong and summer month analysis used daily maximum temperature and winter 
month analysis used minimum daily temperature. Controlled for RH and SES. Reported results are 
percent change in sperm parameter as function of exposure to bottom or top 25th percentile of 
temperature, relative to other temperatures, in summer and winter months, respectively. 

Figure 2 A graphical representation of sperm quality parameters as a function of temperature 
stratified by season. 
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(a) Motility as function of temperature    (b) Progressive motility as function of 

temperature 

    

(c) Normal Cells as function of tmeperature    (d) Sperm concentration as function of 

temperature 

 

Figure 2. Modeled with a GAMM with individual PIDs as clusters. Controlled for relative humidity 
and socioeconomic status. 

3.1.4. Subgroup Analysis of Motility 

For the subgroup analysis, we focused on motility. Men with abnormal motility showed a 
greater negative impact from exposure to the lower temperatures, albeit with borderline significance, 
compared to those with normal motility (Figure 3). Specifically, the decrease of motility among men 
with abnormal motility was of higher magnitude (Percent Change = -3.59% (p = 0.201), while the 
decrease was only 1.46% (p = 0.072) for men with normal motility. In the ethnic subgroup analysis, 
Jewish men exhibited a more pronounced reduction in motility due to low winter temperatures. 
Among Jewish men, motility decreased by 6.53% (p = 0.002), compared to a decrease of 3.74% (p = 
0.366) in Arab men, on average. Additionally, older men (above 40) appeared to have a stronger 
negative correlation with lower temperatures, with borderline significance. Healthy men (without 
comorbidities) were not significantly impacted by exposure to the lowest 25% of daily minimum 
temperatures; however, motility among men with comorbidities decreased by over seven percent (-
7.35%, p = 0.001).  

As seen in Figure 3 and Table S1(a), exposure to the top quartile of maximum daily temperature 
in summer months had a borderline significant effect only among those in the lowest socioeconomic 
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status, reducing motility by 5.92% (p-value 0.112). The motility results in other subgroups were not 
significantly impacted by exposure to the highest quartile of temperatures.   

(a) Relative effect of exposure to top 25th percent of maximum daily 
temperatures in summer months on percent motile sperm. 
Controlled for relative humidity and socioeconomic status.   

 
(b) Relative effect of exposure to bottom 25th percent of minimum 

daily temperatures in winter months on percent motile sperm. 
Controlled for relative humidity and socioeconomic status. 

 

Figure 3. Extended subgroup analysis: Mixed-effect Negative Binomial Results for Motility levels. 

4. Discussion 
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The primary aim of this study was to investigate the effects of ambient temperature on sperm 
quality and to identify what demographic and clinical subgroups are most vulnerable to extreme 
temperatures. Contrary to our expectations, the results indicated that sperm quality is more adversely 
associated with cold temperatures than with heat.  

The minimal association between increased temperature and lower sperm quality is in line with 
findings of previous studies, such as the 2010 case-control study conducted by Momen et al [20]. In 
their research, they reported nonsignificant differences in semen analysis parameters between 
individuals exposed to excessive heat and a control group. The researchers attributed this finding to 
the body's adaptive mechanisms, emphasizing the scrotal region's efficacy in dissipating heat and 
self-regulating its temperature (ibid.). Similarly, studies conducted in Wuhan and Northern Italy 
found inverse relationships between temperature and normal sperm morphology and sperm 
concentration, but not for sperm motility [12,18]. Wang et al situates his findings amongst “most 
studies” on this topic which also came to unclear results regarding increased heat and sperm quality 
[12]. Moreover, when significant relationships were identified in the Italian and Wuhan studies, they 
were primarily observed during the early stages of sperm development. Our DLM analysis indicated 
that the two days leading up to sperm testing were the most sensitive periods, contrasting with the 
70–90-day lags explored in those studies. 

Summers in the Negev are hot, and it is not uncommon that temperatures reach 40 degrees 
Celsius. During hot spells, people tend to seek refuge in air-conditioned environments, reducing their 
exposure to extreme heat. The body, especially the scrotal area, has its own adaptation mechanisms 
[21]. When comparing these findings to those in the study performed in Italy [18], differences in 
homes and access to air conditioning may explain the discrepancy. Most homes and office spaces in 
Italy do not have air conditioning [22], rendering residents more vulnerable to extreme heat, thus 
increasing the risk of adverse health effects [23], such as decreased sperm quality.  

Other studies, including the recent Reimer-Benaim paper, identified an inverted U-shape 
relationship between ambient temperature and sperm quality, demonstrating the harmful effect of 
not just heat, but of cold as well [19]. Reiner-Benaim’s research sought to identify the temperature 
that corresponds with optimal sperm quality, identifying 23-24 degrees Celsius as the threshold 
temperature below and above which sperm quality suffers. 

The effect of cold temperatures in the winter months on sperm quality in this study population 
were much more pronounced. Cold temperatures in the winter months were associated with lower 
sperm quality (Figure 2), particularly at the extreme (Table 2). Higher minimum temperatures were 
positively associated with both motility and progressive motility throughout the year. In the arid 
climate of the Negev, nights are especially cold, so lower daily minimum temperature, which occurs 
at night, is expected to accelerate potential adverse health effects.  

While most people in the Negev region have access to air conditioning, homes are ill-equipped 
to protect against cold weather, leaving residents more vulnerable to shifts in temperature in the 
winter than they may be in the summer. Homes in this region are often poorly isolated and fail to 
protect against the harsh desert winds. Given the biological and behavioral adaptation mechanisms 
to changing weather, it is reasonable that the coldest temperatures in winter have an especially 
harmful effect on health outcomes such as sperm quality, while the impact high heat in the summer 
is negligible.  

The relationships between minimum temperature and motility across various demographic 
subgroups are illustrated in Figure 3. The motility results of men with abnormal motility (under 39% 
motile sperm), Jewish men, men above 40, and those with some comorbidities were more adversely 
affected by exposure to extreme cold than men with normal motility results, Arab men, younger men, 
and men with no comorbidities. These findings suggest that the former groups may be more 
vulnerable to cold temperatures. Socioeconomic status was not a differentiating factor. 
Understanding what social and clinical factors increase an individual’s vulnerability to extreme cold 
may be crucial in improving his sperm quality and therefore overall fertility. Additionally, exposure 
to extreme cold is in many cases preventable and can be tackled by improving home insulation and 
increasing public awareness to potential risks of exposure.  
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4.1. Limitations 

One major limitation of this study is the difficulty of estimating an individuals’ exposure to 
ambient temperature on a given day. We attempted to approximate exposure by matching 
individuals to their closest monitoring stations and controlling for SES. There is a potential for 
information bias as monitoring station temperature recordings contain errors. However, these errors 
are minimal, and we performed extensive cleaning of the data. Furthermore, relying on monitoring 
stations is the best method available to us for estimating exposure to ambient temperature. Ideally, 
we would also have access to indoor temperature readings, given that most people spend most of 
their time indoors. Further research should attempt to better assess individual exposure through 
prospective recruitment and monitoring.  

5. Conclusions 

The central finding of this study is that extreme cold in winter months can have a negative 
association with sperm motility. The effect of increased heat in the summer months is negligible, 
owing perhaps to the biological and behavioral adaptation of residents to the extreme heat of the 
Negev climate. The increasing occurrence of extreme temperatures, both cold and hot, is a central 
component of climate change. Exposure to extreme temperatures, however, can be prevented by 
improving home insulation in this desert region and educating the public on the potential dangers of 
such cold temperatures. The relationship between environmental exposures and declining sperm 
quality, particularly among men with sub-optimal sperm, older men, smokers, and those with 
chronic illness, warrants further investigation. 
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Appendix A 

 
Figure A1. Sperm quality parameter distribution. 

 
(a) In summer: 90 lag days     (b) In Winter: 90 lag days 

 

(c) In Summer: 30 lag days     (d) In Winter: 30 lag days 
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      (e) In Summer: 7 lag days      (f) In Winter: 7 lag days 

Figure A2. Incremental effects of 10-unit increase in temperature. Results of Distributed Lag Model. 

Table A1. Extended subgroup analysis: Mixed-effect Negative Binomial Results for Motility levels. 

(a) Relative effect of exposure to top 25th percent of maximum daily temperatures in summer 
months on percent motile sperm  

Subgroup Effect on Motility (%), 95% CI P value 

Total -0.62% (-3.96, 2.83)  0.721 

Sperm status   

      Normal Motility Range 0.17% (-1.45, 1.81)  0.842 

      Abnormal Motility 

Range 

-5.38% (-13.02, 2.92)   0.197 

Ethnicity   

     Jewish -0.4% (-4.34, 3.71)  0.856 

     Arab -0.1% (-6.11, 6.31)  0.975 

SES   

     Low  -5.92%% (-12.74, 1.43)  0.112 

     Mid  0.82% (-3.58, 5.41)  0.721 

     High  2.23% (-4.86, 9.84)  0.547 

Age   

     Below 40 years -1.52% (-5.05, 2.13)  0.409 

     Above 40 years 4.43% (-4.82, 14.58)  0.360 

Smoking status   

      Non-smokers -0.28% (-5.16, 4.86)  0.913 

      Smokers -1.79% (-6.72, 3.40)  0.491 

Co-morbidities   

      None -0.2% (-6.43, 6.45)  0.951 

      Some  -0.56% (-4.46, 3.50)  0.782 

(a) Relative effect of exposure to bottom 25th percent of minimum daily temperatures in winter 
months on percent motile sperm  
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Subgroup Effect on Motility (%), 95% CI P value 

Total -5.52% (-8.9, -1.9) 0.003 

Sperm status   

      Normal Motility Range -1.46% (-3.1, 0.1)  0.072 

      Abnormal Motility 

Range 

-3.58% (-9.9, 3.2)  0.201 

Ethnicity   

     Jewish -6.53% (-10.6, -2.3)   0.002 

     Arab -3.74% (-10.0, 2.9)  0.366 

SES   

     Low  -5.58% (-12.5, 1.87)  0.138 

     Mid  -6.03% (-10.56, -1.26)  0.013 

     High  -4.14% (-11.86, 4.26)  0.323 

Age   

     Below 40 years -4.87% (-8.66, -0.91)  0.016 

     Above 40 years -6.81% (-15.0, 2.18)  0.133 

Smoking status   

      Non-smokers -6.26% (-11.20, -1.05)  0.019 

      Smokers -6.55% (-11.76, -1.02)  0.021 

Co-morbidities   

      None 0.73% (-6.36, 8.36)  0.844 

      Some  -7.35% (-11.27, -3.25)  <0.001 
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