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Abstract
Sperm dysfunction is the single most common cause of worldwide infertility. The aim of
this study was to investigate the influence of exogenous (environmental, lifestyle and
occupational) factors on male fertility. Based on semen analysis, a retrospective
case-control study was conducted among 140 males, 70 of them were dyspermic (cases)
and 70 were classified as euspermic (controls). Cases were selected randomly among
visitors to a specialized laboratory and controls among apparently healthy people from the
general population. Ten exogenous risk factors/hazards were compared within the two
groups. The odds ratios were calculated using logistic regression and were estimated as
1.7 for alcohol consumption, 1.65 for heavy tobacco smoking, 1.6 for extended driving,
1.55 for scrotal hyperthermia and 1.21 for prolonged sitting posture. The synergistic
effect of multiple factors on male fertility was studied and the results were statistically
significant. Selected exogenous factors can affect significantly male fertility and therefore
preventive measures that can eliminate or reduce them could increase the fertilization
capacity.
Keywords: Male infertility, occupational factors, environmental hazards.

1

Introduction

Infertility is a serious global problem that affects approximately 15% of married couples
in reproductive age (meaning more than 80 million couples worldwide) and is defined as
the absence of spontaneous pregnancy after one year of unprotected intercourse. As more
than 40% of the affected cases can be attributed to male limited sperm capacity
(dyspermia), sperm dysfunction is considered as the single most common cause of general
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infertility, in such degree that constitutes fertilization in these cases impossible without
treatment [1,2].
Various forms of dyspermia include hypospermia (semen volume lower than 2 ml),
azoospermia (no spermatozoa in the ejaculation), oligozoospermia (sperm concentration
lower than 20.000.000 sp/ml), asthenozoospermia (spermatozoa motility lower than 50%)
and teratozoospermia (normal spermatozoa morphology lower than 50%). These
conditions are quantifiable in the laboratory with the analysis of semen volume, and
spermatozoa count, motility and morphology [2,3].
Dyspermia, besides the individual anatomic and functional abnormalities, is also
attributed to exogenous (environmental, lifestyle and occupational) factors. It is
considered that during the last 40 years these factors increasingly contribute to male
infertility [2].
Many studies, and some of them very recent, have proved this effect. Environmental or
occupational exposure to agro or industrial chemicals, heavy metals (i.e. lead, cadmium
etc.) and living in areas close to potential sources of pollution, has been associated with
reduced sperm count, motility, viability and normal forms [4]. Current smoking also is
associated with lower total seminal vesicles volume (before and after ejaculation) and
lower ejaculate volume, despite higher testosterone levels, in male subjects of infertile
couples [5].
Scrotal hyperthermia is another hazard highly related with reduced male fertility and
(beside internal causes) there are occupational, lifestyle and environmental factors that
can cause it, such as extended driving (and mainly of motorcycles), hot baths in genitalia,
tight pants etc. Furthermore, a new factor has recently appeared, mainly in the last decade,
consisting of laptop computer (LC) usage. Recent studies have shown that using an LC in
sitting position with closely approximated legs is the major cause of scrotal hyperthermia.
Even scrotal shielding with a lap pad can neither efficiently protect from scrotal
temperature elevation, thus modified sitting position (legs apart) and shorter use of LC are
recommended for effective protection [6].
Generally, the main occupations that appear significantly associated with a risk of reduced
sperm parameters are workmen, patients, farmers, welders, plumbers and technicians.
Similarly, the main occupational hazards are solvents, heavy metals, heat, vibrations and
non-ionizing radiation [7].
The aim of this study was to investigate the relationship between male infertility and
exogenous (environmental, lifestyle and occupational) risk factors by comparing
euspermic and dyspermic male groups.

2

Material

A retrospective case control study was conducted on a group of 140 males, between 20
and 47 years old, varying economic and social status, as well as occupation, education
and geographic origin within Greece. Out of 140 males, 70 were dyspermic and 70 were
euspermic. The cases were randomly selected from visitors to a specialized outpatient’s
male sterility facility in Athens, Greece. For every dyspermic male, an euspermic male of
similar age was selected from the general population. The average age of the dyspermic
males was 35,6 (± 5,19) years while that of the euspermic was 34,2 (± 5,95).
Elimination criteria from the study group were: a) individuals with recent treatment and b)

Influence of Exogenous-Environmental or Occupational-Factors on Male Fertility

5

the testicle volume (subjects with individual testicle volume less than 10 ml) were
eliminated. Subjects were categorized as euspermic or dyspermic based on the laboratory
sperm analysis. Subjects were considered as normal (euspermic) with the following
criteria [3]:
1] 14% or greater for the Kruger morphology criterion, a sperm quality indicator2,
2] Semen volume greater than 2 ml,
3] Sperm concentration greater than 20.000.000 sp./ml,
4] High spermatozoa motility greater than 25% as well as the sum of high and moderate
motility greater than 50%, and
5] Spermatozoa morphology greater than 50% for the normal forms.
Subjects that satisfied all the above five criteria were characterized as euspermic, while
those that failed at least one of the five criteria were characterized as dyspermic [2,3].
All study participants were volunteers and consented to participate in the study in writing
after being informed about its aim. All participants filled up the entry questionnaire by a
face to face, direct interview. Information was collected regarding demographic data,
occupational status, tobacco smoking, alcohol consumption, drug use, physical activity
habits, exposure to chemicals, radiation, heat exposure (hyperthermia in the genitals),
driving habits, and medical history. Testicle volumetric test and sperm analysis were
conducted in detail for both cases and controls, following at least 48-hour ejaculation
abstinence in order to safeguard sperm quality [2].
The two groups were compared for ten independent exogenous risk factors (qualifiers):
prolonged sitting posture during work hours, exposure to occupational hazards, tobacco
smoking, alcohol consumption, drug use, non-occupational heat exposure (hyperthermia
of the genitals), daily driving duration, exposure to chemicals, exposure to radiation and
physical activity.

3

Methods

Body posture during work hours was subdivided into three categories (standing or
in-motion, sitting or kneeling and mixed). For tobacco smoking, the participants were first
grouped in smokers and non-smokers. Smokers were subdivided in four categories in
relation to tobacco use as mild (1-9 cigarette /day), moderate (10-19 cig/day), heavy (>20
cig/day, <400 cig.x years of smoking) and ultra-heavy (>20 cig/day, >400 cig.x years).
For alcohol consumption, the participants were grouped as non-users, mild users (less
than 100 ml of alcohol per week) and heavy users (greater than 100 ml of alcohol per
week).
Non-occupational exposure (of the genitals) to high temperatures was qualified with
regards to use of tight trousers or underwear and use of frequent hot baths. For daily
driving duration, the participants were grouped into those driving up to two hours per day
and those driving more than two hours per day.
Exposure to occupational and non-occupational hazards as well as exposure to chemicals
was evaluated independently by three experts. Exposure to chemicals and radiation were
evaluated as a lumped parameter for both occupational and non-occupational exposure,
although the two were separate entries in the questionnaire.
For these factors, a statistical analysis was conducted for evaluating their effects on sperm
quality, by using pearson’s chi-square (x2) test with statistical significance level at p<0,05.
Multiple logistic regression was employed to estimate the odds ratio for multiple risk
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factors at a 95% confidence interval.
The coexistence of different qualifiers (synergistic effect) in the same sample was studied
by grouping participants to those with at least three or more risk factors and those with up
to two risk factors. Multivariate logistic regression was used to estimate the odds ratio
between euspermic and dyspermic individuals from exposure to each risk factor [8].

4

Results

Following table 1 shows the results of the multivariate analysis. A positive relationship
was found for most factors although it was not statistically significant [8].
Table 1: Risk factor evaluation with univariate and multivariate analysis.
Qualifiers
Corr.
P
95% C.I.for
OR*
OR
corr. OR

Alcohol consum.
Heavy smoking
Extended driving

1,677
1,855
1,707

1,699
1,646
1,602

0,134
0,187
0,266

lower
0,850
0,785
0,698

upper
3,397
3,448
3,676

Hyperthermia
Sitting posture
Occupat.exposure

1,455
1,414
1,350

1,553
1,214
1,092

0,242
0,594
0,844

0,743
0,596
0,454

3,247
2,474
2,626

* OR=Odds Ratio

4.1 Tobacco Smoking
The odds ratio between smokers and non-smokers was 1.25 [CI:0,64-2,44/p:0,213]. The
effect of heavy smoking was studied and the odds ratio for heavy and ultra-heavy smokers
was quantified as 1.64 [CI:0,78-3,44/p:0,187]. Figure 1 shows the distribution of
dyspermic and euspermic participants in relation to tobacco smoking.
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Figure 1: Distribution of euspermic and dyspermic according to smoking level.

4.2 Alcohol Consumption
The odds ratio between alcohol users and non-users was 1.69 [CI:0,85-3,39/p:0,134].
Figure 2 shows the distribution of dyspermic and euspermic participants according to
alcohol consumption.
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Figure 2: Distribution of euspermic and dyspermic subjects according to alcohol
consumption level.

4.3 Other Factors
For non-occupational exposure of the genitals to high temperatures, the odds ratio was
estimated at 1.55 [CI:0,74-3,24/p:0,242]. The odds ratio between the two groups of daily
driving duration was 1.60 [CI:0,69-3,67/p:0,266]. The odds ratio for the sitting posture
during work hours (compared to standing/in motion or mixed postures) was 1.21
[CI:0,59-2,47/p:0,594]. The odds ratio for the occupational exposure was estimated at
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1.09 [CI:0,45-2,62/p:0,844].
For chemical exposure, the odds ratio was 1.85 [CI:0,74-4,56/p:0,178]. The odds ratio for
those having radiation exposure history was found 0.82 [CI:0,23-2,82/p:0,753]. Factors
such as drug use [0,65(CI:0,10-4,05)], and physical activity habits [1,06(CI:0,54-2,05)]
were also studied and the results were not statistically significant.

4.4 General
All risk factors were not found to be statistically significant, even though the odds ratios
were considerably greater than unity, since the sample population was not statistically
large enough to affect the 95 % confidence interval. Table 2 shows the frequency of
coexistence for multiple risk factors between euspermic and dyspermic participants [8].
Table 2: Number of qualifiers among the 2 groups
Number of
qualifiers
None
1
2
3
4
5
6
Number of
subjects
Mean value
Standard
deviation

FERTILITY
Dyspermic
Euspermic
4
4
5
15
21
24
19
17
12
7
6
3
3
0

Total
8
20
45
36
19
9
3

70

70

140

2,86

2,24

1,417

1,197

The two groups differed significantly in respect to the number of risk factors (t=2.771,
138 d.f./ p=0.006]. The percentage of dyspermic that had three or more risk factors was
greater than the euspermic (Pearson’s x2=4.837, p=0.028). The risk was 2.12
[CI:1,08-4,17] times greater and statistically significant. In addition, the respective
percentage of dyspermic that had 4 or more risk factors was 2.57 [CI:1,10-5,97] time
greater and also statistically significant [x2=5,013, p:0,025].

5

Discussion

For most of the studied factors, a relationship to dyspermia was found, although the
sample size did not allow a statistically significant documentation of it. Participants that
were exposed to occupational hazards were found to be increasingly dyspermic, in
comparison to the non-exposed. Numerous early and recent studies have concluded that
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the occupational risk factors affect male fertility [9]. Occupational groups exposed to heat
(e.g. drivers, bakers), radiation or chemicals, have been found to be affected [4,5,9-16].
A positive correlation was found between dyspermic participants and those having a
sitting posture during work hours, in relation to those having a standing or in-motion or
mixed posture. The sitting posture helps maintain higher temperatures in genitalia, which
affects normal testicle temperatures and seminal production. Other studies have shown a
positive correlation with regards to sperm quality between sitting and standing postures
during work hours [17,18] and leisure time [19].
Numerous studies have also examined the effects of hyperthermia in male fertility, by
looking at risk factors such as occupational hyperthermia [11] temporal temperature
variations [20], as well as more specialized factors such as hothouse occupations [21] and
global warming [22]. In this study, non-occupational hyperthermia was examined, related
to tight pants (mainly jeans), or frequent hot baths in genitalia and a positive correlation
was found between those exposed and dyspermic participants. The same results were
found in other studies that examined either one [19,23] or both of these risk factors.
High dyspermia was also found in those exposed in heavy driving (greater than two hours
per day), and the risk is also attributed to elevated genitalia temperatures. In numerous
studies the high risk of driving for extended hours, has been established for professional
[24,25], semi-professional or recreational drivers [26].
A positive correlation between dyspermic participants and exposure to chemicals was
found, but due to the small sample size, the groups were not further subdivided according
to the exposure to specific chemicals. A lot of studies have examined the effect of
exposure to hazardous chemicals in male sterility [4,14,18,27], either as a specific
compound effect [13] or individually for groups of chemicals such as heavy metals
[4,22,28] (lead [13,27], cadmium [4] etc.), pesticides [22,28,29], coatings [28], petroleum
fuels [21,30], solvents [29,31], etc..
It has been proven in numerous studies that ionizing and non-ionizing radiation is harmful
to male fertility [31], by either occupational [12,32] or environmental exposure [13,22].
Tobacco smoking, maybe the most widely studied risk factor [5,15], is proven to cause
hormonal disorders and affect both sperm quantity and quality. In the present study,
dyspermia was observed mainly in heavy smokers. Other studies examined the increased
risk from heavy tobacco smoking [21,33], the correlation between hyperthermia and
tobacco smoking [20] and the detrimental effect of cadmium in cigarettes [34].
Alcohol consumption has shown increased risk, between casual users and non-users, as
well as between heavy users and moderate users. It has been proven that alcohol abuse
and mainly chronic use can affect spermatogenesis in general. Although some studies
have shown effects from casual alcohol consumption [35], most studies correlate
dyspermia only with heavy alcohol use [36,37].
Physical exercise as a factor was not possible to be differentiated between euspermic and
dyspermic participants, although it has been shown that has positive effects
counterbalancing the negative ones of sitting lifestyle [19].
Numerous studies have shown the effect of multiple risk factors in male fertility
[17,24,32]. The synergistic effect of different risk factors, can multiply the total risk. In
the present study, the statistically significant correlation found for lumped qualifiers, is
not certain, if it constitutes synergy, or just a correlation of individual qualifiers, since the
small sample size becomes statistically significant after lumping.
Based on the findings of the present study, it can be concluded that the risk for male
infertility is proportional to the size of the risk factors involved. Therefore, preventive
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measures that can eliminate some or most of the risk factors responsible for male
infertility can increase the fertilization capacity.
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