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Abstract

Introduction

Objective: To study the effect of cigarette smoking on seminal fluid
parameters, namely; volume, sperm concentration, and motility, as
well as morphology, leukocyte infiltration, among males complaining
of infertility.
Methods: Between August 2010 and July 2011, seminal fluid
analysis was done for 1438 males who are partners of couples
who visited the infertility clinic at Prince Rashid Ben Al Hassan
Hospital (PRH) for infertility. The men who fit the inclusion
criteria (n=960) were classified into two groups: group a (nonsmokers; n=564) and group B (smokers; n=396), which represents
41.25% of the study group. Seminal fluid was collected using
masturbation after 3-5 days of abstinence then analyzed for volume,
sperm count, sperm concentration, motility and morphology. In
order to analyze whether the number of cigarettes smoked per day
has an effect on the spermatogram; the smoking men were divided
into two subgroups: the heavy smokers (n=266) and non-heavy
smokers (n=130).
Results: A total of 960 adult males were enrolled. Their age ranged
between 21 and 76 years, 564 were non-smokers with mean age
of 36. 45±6.27 (Mean±SD). Three-hundred-and-ninety-six were
smokers with a mean age of 34.35±4.25 (Mean±SD). There was
a significant effect of smoking on the motility of sperms and the
ratios of abnormality (p<0.005). Concentration appeared not to be
affected by smoking. Furthermore, the group of heavy smokers were
found to have lower sperm concentrations and a higher percentage
of abnormal sperms compared to the non-heavy smokers.
Conclusion: Cigarette smoking has a deleterious effect on some of
the seminal fluid parameters (motility, morphology and leukocyte
count) which in turn may result in male subfertility.
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nfertility is defined as the inability to conceive after 12 months
of unprotected intercourse, and estimations of the World Health
Organization indicates that about 8% of couples worldwide,
and 10-15% in industrialized nations, experience some form of
infertility.1 Male infertility plays a key role in conception difficulties
of up to 40% infertile couples. Although in some men, a specific
disorder may be present in the majority; however, no apparent
reason for infertility can be found. This has drawn attention to
the impact of lifestyle and environmental factors, especially diet,
obesity, smoking, alcohol intake, recreational drug use, and exposure
to environmental toxins, on reproductive health of such men.2
Many studies have shown that cigarette smoking has a deleterious
effect on both male and female reproductive systems and fertility.3-10
Nowadays, the population of cigarette smokers is increasing despite
the facts about its effects and hazards to human health and this
number is reaching one third of worldwide population who are 15
years of age or older.3
Smoking is more prevalent in Jordan compared to developed
countries. The prevalence among men aged 18 yrs or more may be
as high as 50%.11,12 In addition, male Jordanian smokers tend to be
heavier smokers compared to smokers in developed countries.13
Cigarette smoke contains a large number of substances which
are recognized as carcinogens and mutagens including radioactive
polonium, cadmium, benzopyrene, dimethylbenzanthracene,
dimethylnitrosamine, naphthalene and methnaphthalene.
However, the toxicity of many of these constituents in cigarette
smoke has not been well assessed for their effect on the function
of human spermatozoa. Although the effect of cigarette smoking
on sperm function was noticed a long time ago, the mechanism by
which tobacco smoke affects sperms remains poorly understood.14
Thus, the impact of cigarette smoking on male fertility and sperm
characteristics remains a highly controversial issue.15
Cigarette smoking may be associated with subfertility in males
and may lead to a decrease in sperm concentration, lower sperm
motility, and a reduced percentage of morphologically normal
sperms.16-18 Many studies examined the effect of smoking on semen
quality have been carried out worldwide.18-21 Some of these studies
showed that cigarette smoking results in a reduction of sperm
concentration, motility and normal morphology.18 Others have
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shown that cigarette smoking has a detrimental effect on sperm
quality,20 but other study results were inconsistent and conflicting.21
This retrospective study was conducted to determine the effect
of cigarette smoking on seminal fluid volume, sperm count, sperm
concentration, motility and morphology, as well as viscosity and
liquefaction time.

Methods
This retrospective study was conducted at the IVF laboratory,
PRH, in which analysis of seminal fluid was done over a period
of one year (August 2010 and July 2011) for male partners of
couples experiencing infertility. The exclusion criteria included: a)
males with abnormal genital examination (varicocele, undefended
testicles, hydrocele, small sized testes); b) males with azospermia; c)
Males with history of mumps; d) males with history of surgery for
inguinal hernia, orchidopexy, or any scrotal surgery; e) males with
chronic medical illness (diabetes mellitus, hypertension, thyroid
disease, cancer patients, and tuberculosis; and f ) males who quit
smoking for a period of less than 6 months.
A total of 960 males were included in the study and were
classified into two groups: group A-which was taken as the control
group (non-smokers; n=564); and group B, which constituted the
study group (smokers; n=396). In order to understand whether
the number of cigarettes smoked per day affects the seminal fluid
parameters, the smoker group was divided into two groups: those
who smoke 20 or more cigarettes per day were termed as the heavy
smoker group (n=266), while the non-heavy smoker group was
mainly comprised of those who smoke less than 20 cigarettes per
day (n=130).
Seminal fluid was collected via masturbation into sterile wide
- mouth plastic container after 3 - 5 days of sexual abstinence in
a room near the laboratory. Samples with partial spillage were
rejected, one sample per male was included in the study. Prior to
seminal fluid analysis, samples were allowed to liquefy at 37°C
environment, followed by analysis at room temperature.
Routine semen analysis was carried out under light microscopy
according to WHO guidelines.22 Semen analysis comprised of
ejaculate volume, pH, viscosity, and sperm concentration (million/
ml), which were determined using Makler Chamber. While
motility was determined as percentage of motile spermatozoa, and
morphology as percentage of normally-shaped spermatozoa. The
volume of ejaculate was measured by aspirating the whole sample
into a graduated pipette, the total sperm count was measured by
multiplying the sperm concentration by the volume of ejaculate.
For sperm morphology, slides were smeared with a small volume
of semen, and allowed to dry at room air temperature, stained with
eosin, then read for normal or abnormal sperms according to WHO
criteria.22 Sperm motility was determined by evaluating 100 sperms
per sample after placing a drop of semen on a slide covered with
a cover slip and examined under light microscopy. Motility was
defined according to World Health Organization as: type 1 (fast
and straight forward motile sperm); type 2 (fast sluggish moving);

type 3 (locally shaking sperm); and type 4 (immotile sperm).22
The normal seminal fluid reference points were according to
WHO criteria sperm concentration (≥20 millions sperms/ml),
morphology (≥30% sperms), motility (≥50% sperms with forward
motility category a and b or ≥25% sperms with category A).22
Data were entered into the computer using statistical package
for social sciences (SPSS) version 11.0. Data were checked for
errors and were corrected. Data were expressed as mean ± SD. A
p value of <0.05 was considered statistically significant. In order
to understand whether the number of cigarettes smoked per day
affects the seminal fluid parameters, we divided the smokers into
two groups: those who smoke 20 or more cigarettes per day were
termed as the heavy smoker group (n=266) and non-heavy smoker
group for those who smoke less than 20 cigarettes per day (n=130).

Results
A total of 960 adult males were enrolled. Their age ranged between
21 and 76 years with a mean age of 35.45±6.27 (Mean±SD). Of
these men, 564 were non smokers with a mean age of 36. 45±6.27.
While 396 were smokers with a mean age of 34.35±4.25 (Mean ±
SD). Table 1 shows the characteristics of the study sample, about
57.29% (n=550) of the study population were aged under 40
years, while body mass index indicated normal weights for 38.8%
(n=154) of smokers and 40.6% (n=229) of non-smokers. On the
other hand, Table 2 shows the values of seminal fluid parameters
such as pH, semen volume, sperm concentration, sperm motility,
sperm morphology, and leukocyte infiltration.
Table 1: The characteristics of the study sample.
Characteristic
Age (yrs)

Smokers
(n=396)

Non-smokers
(n=564)

≥40

225(56.8%)

325(57.6%)

<40

171(43.18%)

239 (42.38%)

37.45±6.27

36.45 ±6.27

normal

154(38.89%)

229(40.60%)

overweight

185(46.71%)

251(44.50%)

obese

57(14.39%)

84(14.89%)

26.3±3.8

27.23±4.5

Age (Mean
± SD
BMI

BMI (Mean
± SD)
* BMI=Body mass index (kg.cm-2)

In both groups there was no significant difference between
seminal fluid pH and sperm concentration; whereas the sperm
morphology was significantly adversely affected by smoking. In
terms of sperm motility; type 1 and 2 (progressive motile sperms)
were significantly higher among non-smokers (p<0.005). On the
other hand; type 4 (immotile sperm) were significantly higher
among the smoker group, but the percentages of type 3 (locally
shaking sperms) were comparable. While comparing the leukocyte
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infiltration in semen; it was noticed that leukocyte infiltration was
higher among the semen of smokers, and especially among the heavy
smokers. The smoking patients were classified according to the
number of cigarettes smoked per day (heavy smokers ≥20 cigarettes
per day) and non-heavy smokers (<20 cigarettes per day) as shown

in Table 3. We noticed that there was a significant decrease in sperm
concentration among the group of heavy smokers compared to
non-heavy smoking group (p<0.005), and a significant increase in
abnormal sperm forms and type 3 motile sperms (p<0.005) were
also observed.

Table 2: Semen parameters of smoker and non smoker sample subjects (mean (SD).
Parameter

Smokers

Non smokers

p value

3.05 ±2.75

3.12 ± 2.25

0.450

7.64

7.62

0.345

73.0% ± 11.7

60.7%

<0.005

Type 1 & 2 motility

9.9% ± 7.8

15.2%

<0.005

Type 3 motility

28.1% (11.8)

29.1%

0.457

62.1% ±13.3

55.6%

<0.005

34.7 ± 28.6

43.7 ±26.5

0.549

49%

35.5%

<0.005

Heavy smokers
(n=232)

Non-heavy smokers
(n=164)

p value

Abnormal Morphology %

75.9%

68.9%

<0.005

Type 1 & 2 motility

7.4%

10.1%

<0.005

Type 3 motility

29.4%

24.0%

<0.005

62.8%

62%

0.1

31.2%

39.8%

<0.005

Volume (Mean ± SD)
Seminal fluid PH
Abnormal Morphology

Type 4 motility
Concentration × 10
(mean ± SD)

6

Seminal fluid Leukocyte
count increased

Table 3: Seminal fluid parameters among heavy smokers and non-heavy smokers.
Variable

Type 4 motility
Concentration ×10

6

Discussion
Many studies have examined the effect of cigarette smoking on
male fertility and showed a negative effect on sperm production,
motility and morphology.3-10 The percentage of smokers in our
study of infertile men was 41.3% (n=396). The results of this
study indicated that cigarette smoking affects sperm motility and
results in decreased type 1 and 2 motility, while it increases type
4 mortility, and these results confirm the findings of ealier studies
examining the relationship between cigarette smoking and sperm
motility.21,23-27 However, our results were inconsistent with the
results reported by Ozgur et al.28 who reported that there were
no significant differences among smokers and non-smokers in the
semen parameters and Collodel et al.9 who reported no significant
difference in sperm motility between smokers and non-smokers.
This study also showed that sperm morphology is negatively
affected by cigarette smoking which confirms the results of Kunzle
et al. and Collodel et al.9,20
The seminal fluid volume, sperm concentration and pH values
were comparable between the two groups and this confirms the
results of the study done by Trummer et al.7,29 who found that there
Oman Medical Specialty Board

were no significant differences in seminal fluid parameters between
smokers and non smokers but the pH results were in contrast with
the results of the study conducted by Kunzle et al. who found
that there were significantly higher pH results among the smoker
group.20
Leukocytes are the major source of reactive oxygen species in
the ejaculate and elevated leukocytes may impair fertility by the
formation of reactive oxygen species,30 which are in turn harmful
to sperm DNA and membrane phospholipids because of oxidation
and the effect of excessive oxidation may be detrimental.31 In our
study, we found that there was a significant increase in seminal fluid
leukocyte count which was also reported in previous studies.29,32
The exact mechanism of increased seminal leukocyte infiltration
is not well understood and research on the possible explanations
were suggested in previous studies, for example; tobacco metabolites
may induce inflammatory reaction which result in the release of
inflammatory mediators, which in turn result in the activation
of leukocyte infiltration.33 Our study showed that there was a
significant decrease in sperm concentration among the group of
heavy smokers compared to the non-heavy smokers group (p<0.05),
and a significant increase in abnormal sperm forms, as well as type 3
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motile sperms (p<0.05). And comparing these results with Collodel
et al. who found that sperm concentration was significantly lower
among heavy smokers as opposed to non-heavy smokers, they also
observed that sperm motility and morphology were not affected;
however, their study group was small.

13.

Conclusion

16.

Cigarette smoking has a deleterious effect on some of the seminal
fluid parameters (motility, morphology, and leukocyte count) which
may in turn result in male subfertility. Therefore, we advise smokers
to quit smoking and further studies are needed to verify whether
quitting smoking improves male fertility.
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