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SUMMARY

Despite worldwide anti-smoking campaigns, cigarette smoking prevalence is increasing in the third-world countries. It is now regarded as the
most important public health issue. Here, we study the current smoking situation and investigate the impact of cigarette smoking on semen quality
and hormonal levels among adult people. Furthermore, we suggest various strategies to reduce smoking consumption among young individuals.
Across-sectional data from 804 adult smoker subjects (male n=530 and female n=274) aged between 15 and 45 years were analyzed. One hundred
and eleven males were agreed for further evaluation of their semen quality and hormones compared with 93 age-matched non-smoking males.
This study showed that the major factors initiating smoking among women were friends’influence (49%), life pressures (16%) and parental imitation (14%).
The majorreasons inmen was friends’influence (65%). Furthermore, 61% of women and 89% of men smoke in publicimplying social acceptance or even en-
couragement of this habit. This study also found that low-income Jordanians consume more tobacco materials than those in the middle- and higher income.
Furthermore, smokers had significantly lower (p<0.001) sperm concentration and motility values and higher (p<0.001) serum testosterone and
luteinizing hormone (LH) levels than non-smokers.
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INTRODUCTION It is wide-spread knowledge among the Jordanian population

that smoking is the main risk factor for lung and heart diseases

Despite worldwide anti-smoking campaigns, cigarette smoking (2, 8). Only a few smokers in Jordan will acknowledge that they

is growing in third-world countries (1). Tobacco is the second should not smoke indoors (3). This indicates high social accept-

leading cause of death globally, resulting in nearly five million ance of smoking. Moreover, it indicates that “smokers” either

deaths a year (2). Tobacco is the only legal product that causes do not think of themselves as engaging in hazardous behaviour
the death of about half of its regular users (3). On the other hand,  or they do not care.

a decline in smoking rate was recently documented in many The highest prevalence of smoking has been observed in
countries such as the United States of America, Finland, Australia  young adult males during their reproductive period (46% of first
and Canada (4). hand smokers between 20 and 39 years) (9). Cigarette smoke

The Middle East studies reported that at least 30 to 40% of contains known mutagens and carcinogens. Therefore, there is
Arab men were regular smokers despite a high tax applied by a great concern that smoking may have unfavorable effects on
Arab governments which is almost three times the original price  male reproduction (10).
of'the tobacco products. Smoking rates documented for Jordanians Various studies examining the effects of smoking on semen
appear to be rising especially in 12 to 18 year age category. More  quality and male sex hormones have been carried out worldwide
than 50% of the Jordanian population is considered as regular (11-13), but their results were inconsistent. Some studies have
smokers (2, 3). observed that cigarette smoking has detrimental effect on semen

Smoking has been called the chief, avoidable cause of death in  quality, especially among those who are heavy smokers or who
Jordan (1). It is now regarded as the most important public health  have been smoking for many years (14). Other studies have shown
issue (5, 6). In addition, 30% of Jordanian men aged 18 or more a reduction in sperm concentration, motility and the percentage
are smokers compared with 26% of the USA men. In contrast, of normal morphology among infertile patients who smoke (12).
similar age, cultural issues and social pressure may result in low This study was conducted to determine the current smoking
15% prevalence rate of smoking among Jordanian women (7). practice in Jordan.
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A questionnaire was used to study the factors leading to the
habit of smoking and tobacco dependence among young Jorda-
nian men and women. Finally, to explore the impact of cigarette
smoking on semen quality and male hormonal levels.

MATERIALS AND METHODS

Participants

This was a cross-sectional study carried out in Amman,
Jordan from October 2008 until October, 2009. Eight hundred
and four smokers from various regions in and around Am-
man were randomly selected and agreed to participate in our
study. In all of 530 men and 274 women from different social
classes participated. Their age ranged from 15 to 45 years.
For the purpose of the study a smoker was defined as a person
who smokes one or more cigarettes a day. Additionally, 111
out of 150 healthy adults, who smoke 10 or more cigarettes
a day, agreed with examination of their semen quality and
hormones. This group was compared with 93 age-matched
non-smoking males.

Information about their current smoking habits was ob-
tained from subjects, either by self-report or direct interview
using a written anonymous questionnaire. Information on
their reproductive, medical, occupational and lifestyle fac-
tors was also obtained by means of this questionnaire. This
study was performed using a protocol for the protection of
human subjects approved by local ethical committees. Written
informed consent was obtained from each subject. Physical
examination of all subjects was performed. Subjects with
hypertension (n=5), cardiovascular disorders (n=2), semen
dysfunction causes (n=1; such as varicocele and chronic
prostatitis), or with any history of previous or current genital
diseases were excluded.

Semen collection and analysis

Semen samples were collected by masturbation in a sterile
wide-mouthed specimen container after 2 to 4 days of abstinence.
Time of ejaculation, abstinence period, and spillage (if any) was
recorded. All the semen samples were processed and analyzed
by the same experienced laboratory assistant at the private clinic
in accordance with the guidelines published by the World Health
Organization (WHO) guideline (15).

Four semen and sperm parameters were studied. Three were
measured and one was derived. The measured parameters
were semen volume, sperm concentration and percentage
of normal sperm motility. Total sperm count was derived by
multiplying semen volume by sperm concentration for each
sample. Samples were liquefied at 37°C and evaluated im-
mediately thereafter, according to WHO guidelines (16). The
time to liquefaction was recorded and ejaculated volume was
measured by a graduated cylinder or by aspirating the whole
sample into a wide-mouthed pipette by means of a mechani-
cal device (16). The sperm motility assessment was carried
out and repeated on 10 pul aliquot of semen according to the
WHO criteria (16) and the average value for both samples
was considered.

For the assessment of sperm concentration, a 50 ul aliquot
of the thoroughly mixed liquefied semen of each subject was
diluted into a 950 pl diluents and mixed for 10 min. The diluents
consisted of 50 g of sodium carbonate (NaHCO,), 10 ml 40%
formaldehyde and distilled water up to 1 litre. One drop of the
diluted specimen was transferred to a Neubauer haemocytometer
chamber (17), which was allowed to stand for 5 min in a humid
environment before the cells were counted under a microscope
(x400). Only sperm with tails were counted.

Hormone analysis

Blood were collected from participants and centrifuged when
the semen samples were collected. The samples were stored at
4°C until analysis. Sexual hormone analysis included luteinizing
hormone (LH), follicle stimulating hormone (FSH) [immuno-
radiometric assay (IRMA); ICN, High Wycombe, Bucks, UK],
testosterone and sex hormone binding globulin (SHBG) (radioim-
munoassay; Immunotec, Marseille, France) levels were measured
in all smokers (n=111) and control non-smokers (n=93).

Statistical analysis

Participants were grouped into smokers, and non-smokers.
Significance tests were two-tailed and p values <0.05 are regarded
as statistically significant. Statistical analysis was performed
by a bio-statistician using SPSS statistical software (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Factors initiating smoking

Figure 1A showes the factors which initiated smoking in
women. It is apparent that friends have the greatest influence
(49%). This was followed by life pressures (16%), imitation of
parents (14%), and curiosity (8%). A husbands’ wish, television,
and strong personality feelings were the least (5%, 3% and 2%,
respectively). Similarly, in men, friends influence was the most
important factor (65%). All the other factors had almost a similar
effect. Life pressures and curiosity (9%), parents’ imitation (8%),
and manhood feeling (7%) (Fig. 1B).

Effect of parents and family members on smoking
prevalence

In this step, the study of the question of parents’ smoking
habits is of particular importance in attracting their children to
do the same. The results showed that only 84% of women and
74% of men did have either a parent or relative who smoked
(Fig. 2A and B, respectively) which means that the majority
of both sexes will smoke if their parents do. Further, to in-
vestigate whether the correspondents are truly satisfied with
their smoking habit, we asked the following question (What
are you going to do when you see your young son, brother
or sister smoking?). In response, 77% of women and 80%
of men declared their objection. Many said that they would
blame themselves.
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Fig. 1: Distribution of smokers according to the initiating factors
for smoking. A in Females, B in Males.

Effect of society acceptance on smoking habit

The percentage of participants claiming to smoke in public is
fairly high. Only 39% of women smoke in private compared to
11% of men.

Females (A)

Father
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Fig. 2: Distribution of smokers according to the effect of their par-
ent and/or relatives on smoking habit. Ain Females, B in Males.

Males (B)
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Fig. 3: Distribution of smokers according to their income. A in
Females, B in Males.

Effect of monthly income on smoking prevalence

The lower the income, the higher the smoking prevalence,
59% of women and 52% of men fall into the category of very
low income (100-250 JD/month), 23% of women and 24% of
men fall into the low category income (251-400 JD/month),
6% of women and 5% of men fall into the high (401-500 JD/
month) category income, whereas, 12% women and 14% men
belong to the very high category income (>500 JD/month)
(Fig. 3A and B).

The best ways to quit smoking

For women, the options of strong will to maintain good
health (4%), applying more taxes to increase tobacco prices
(11%), spreading the idea that smokers smell bad (12%),
presenting more education about the risks of smoking (29%),
banning cigarettes from the market (37%), and other ways
(7%) were the solutions for stopping smoking. The results for
men were 9%, 9%, 8%, 24%, 44%, and 0% respectively. To
further emphasize this point, we asked the following question:
(Is smoking socially unacceptable?). 40% of both men and
women answered, “yes”.

Semen Analysis

The results of the semen analyses and reproductive hor-
mones are given in Table 1. Smokers had significantly lower
sperm concentration and motility values (p<0.001) than non-
smokers (50.84+15.54 versus 58.48+18.13 and 50.036% ver-
sus 54.38%; respectively). Smoking, however, had a statisti-
cally non-significant effect on ejaculatory volume (p>0.05).
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Table 1. Shows the basic characteristics of semen and male
sex hormones of participants

Semen parameters Smokers Non-smokers
(n=111) (n=93)
Volume (ml) 2.9+0.62 3.10.67
Sperm concentration (x10%/ml) 48.84+15.54* 58.48+18.13
Sperm motility %? 45.04+7.99* 54.3817.14
Total sperm count (x106)° 141.64 181.98
Sex Hormone concentrations
Testosterone (nmolfl) 18.07+2** 16.194£2.70
SHBG (nmol/l) 29.5+0.3 30.2+0.6
Luteinizing hormone “LH" (IU/1) 4.23+0.61* 3.410.64
(Fch)JI;:;:Ie stimulation hormone “FSH” 3 66:40.64 350+0.65

@ Percentage of normal sperm motility

® Total sperm count derived by multiplying volume times sperm concentration
*Statistically significantly lower compared with the non-smoker group (p<0.001)
**Statistically significantly higher compared with the non-smoker group (p<0.001)

Serum Hormones

Serum testosterone and LH levels were significantly (p<0.001)
higher in smokers than those in non-smokers (18.07+2 versus
16.19+2.70 nmol/l and 4.23+0.61 versus 3.4+0.64 1U/1; respec-
tively). No significant differences were found between non-
smokers and smokers in SHBG and FSH levels. Testosterone,
LH, SHBG and FSH levels were not significantly correlated with
any of semen parameters (data not shown).

DISCUSSION

Although many previous studies have examined the incidence
of smoking among adolescents, there have been very few na-
tionwide studies determining the causes of smoking habits and
suggesting ways to combat them (2, 6, 8).

Unlike other studies, this study evaluated the current smok-
ing situation in and around Amman, its initiation factors, social
acceptance and the association between income and smoking of
this widespread habit in Jordanian people.

Warren et al. (1) reported that 35% of the adult populations
in Jordan are current smokers and the percentage was raised to
52% in males and 18% in females.

In agreement with previous studies (2, 8), this study showed
that the average smoking rate is high among some population
groups, particularly the youth, women, and low income earners.

Data obtained from this study, indicate that the increase in
smoking habit is due to following three factors; friends’ influence,
an acquired lifestyle from smoking parents (either one or both),
mainly older siblings and social acceptance.

The early onset of smoking is related to the notion that smoking
is a sign of maturity and manhood (1). Many children are attracted
by advertising and other messages promising a fashionable, young
and independent lifestyle with cigarettes as imperative symbols
(18). This correlates with primary outcome of this study that social
acceptance is the number one motivational factor for Jordanian
adolescents to become tobacco smokers.

The result of our study showed that the high risk of smoking
initiation was also related to parents being heavy smokers them-
selves. This is in agreement with previous observations suggesting
that parental reactions, attitudes, and opinions about smoking have
a great influence on whether or not children smoke (6).

Based on the data obtain from this study, adolescents who
claimed to be proud of practicing smoking and showed no interest
in quitting the habit shared an increased rejection to their loved
ones becoming addicted. This clearly reveals the double standards
in evaluating the tobacco smoking habit.

Approximately 80% were not willing to quit smoking or even
to modify their smoking habits. The majority of the participants
acknowledged that they do not feel ashamed of smoking in public.
This indicates a high social acceptance of smoking mainly for
women as our study revealed that only 39% of women smoke
secretly. This study indicates that to be surrounded by smoking
friends and feeling”out” if you are not a smoker yourself, was
a strong motivational factor for most people to become regular
smokers which is in agreement with Al-Wahadani and Linden
(8). Their results indicate that pupils having at least two smoker
friends were five times more likely to switch from being “trial”
smokers to regular ones.

This study also demonstrated a strong positive correlation
between monthly income and smoking prevalence (the lower the
income, the higher is the chances that the person will become a
smoker). This may be attributed to the substantially low level of
education combined with a high level of stress.

Tobacco dependence is a chronic condition that often requires
repeated intervention. Quitting tobacco use is difficult and may
require multiple attempts, as users often relapse because of with-
drawal symptoms (19). Research projects suggest that nicotine
is the psychoactive drug in tobacco products that produces de-
pendence and addiction just as heroin, cocaine, or alcohol (18).
Lack of Nicotine in blood produces irritable, anxiety, difficulty
in concentration, and increased appetite (20).

Eighty percent of the participants in the study thought that
the only way to quit smoking is by banning tobacco cigarettes
from the market. This clearly shows that unassisted attempts at
quitting might not be successful except for those who have very
strong will power.

Smoking is a lifestyle hazard for both active and passive
smokers. Although much is known now about the carcinogens in
tobacco cigarette smoke and their resultant effect on organs like
lungs and urinary bladder, their effects on fertility status have
been less documented. The effect of smoking on semen quality
has been investigated in a number of cross-sectional studies. Re-
sults have been conflicting. Some investigators have reported, as
with the present study’s findings, that those smokers have a lower
semen quality in terms of the conventional semen characteristics
like sperm concentration, total count and motility (13, 14, 21).
Others have reported no effect of smoking on semen quality (22,
23). Recently, it has been reported that smoking significantly
contributes to the development of morphological abnormalities
(24) and reduced sperm counts besides motility defects (24, 25)
which further supports our finding.

In addition, in a meta-analysis covering 27 studies on sperm
quality among smokers, an average reduction of 13% in sperm
concentration, 10% in motility and 3% in normal morphology was
observed (11). In this study, no significant differences in semen
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volume between non-smokers and smokers we found. Contrary
to our findings, Pasqualotto et al. (21) reported a decline in semen
volume with increases in the number of cigarettes smoked. The
major shortcoming of this study is the lack of accurate smoking
dose information.

Furthermore, the present study does not include information
about body mass index (BMI), and obesity which could poten-
tially affect the study findings. However, previous studies on the
association of smoking and these variables showed inconsistent
results. Recently, the results of Caks and Kos (26) does not support
the hypothesis that smoking affects an abdominal fat distribution
profile predominantly in the form of central adiposity as reported
earlier by Shimokata et al. (27).

In accordance with other studies, our group of smokers showed
higher testosterone and LH levels. However, there is no clear
trend associated between smoking and SHBG or FSH (13, 25).

On the other hand, recently Saadat (28) and Pasqualotto et al.
(21) showed no increase in the testosterone, FSH or LH levels.

The significantly elevated LH in smokers suggests a central
activation of Leydig cells, which explains elevated serum testo-
sterone levels. Whether smoking increases LH and testosterone
by itself or whether men with elevated hormone levels are more
prone to becoming addicted to cigarette smoking remains unclear.

The lack of correlation between any of the semen parameters
and serum testosterone, LH and FSH suggests that any changes
in gonadotrophin secretion or spermatogenesis in this study are
not due to a loss of testicular steroidogenic potential.

The mechanism behind the harmful effect of smoking on
semen quality is not fully understood. Disturbance of the
hypothalamo-pituitary-gonadal system (27) or mild hypoxia
caused by the disruption of the testicular microcirculation (28)
are possible explanations, but a direct toxic effect of the many
chemical components in the cigarette smoke on the germina-
tive epithelium is a more likely explanation (29). Furthermore,
oxidants in cigarette smoke are thought to damage sperm DNA,
and smokers have more oxidative DNA damage in their sperm
than do non-smokers (30).

Finally we recommend that this is time to stop scolding chil-
dren and young people for what goes wrong and start assisting
them to make positive choices. The first practical and effective
step should be to encourage people to give up smoking (self moti-
vation) by increasing knowledge about the side effects of smoking
and to prevent future generations from smoking. Smoking parents
should share their struggles to quit with their children indicating
cigarettes’ harmful effects and keeping a smoke-free home.

Smoking should be strictly banned in public areas and on public
transportation. Additional double or triple tax should be applied
on every tobacco related material. The benefit of extra money
should be used to educate people about smoking hazards. Gov-
ernment should impose an age restriction on cigarette purchases.
Smokers can gradually quit with the help of medicines such as
Nicotine gum, patches, lozenges or any other dosage form. The
use of smokeless tobacco such as Aeros is also recommended.

Bearing in mind that the most regular and the heaviest smokers
are presently found among the women and men in childbearing
years, it is most important that information about the harmful
effects of tobacco on reproduction is available and widely dis-
seminated among the general public and, in order to achieve this,
the following steps should be taken forth with:

Local Education Authorities should include in their health edu-
cation curricula specific information about the dangers of cigarette
smoking by both partners before and particularly during pregnancy;
leaflets containing the above information should also be widely
distributed and available in all doctors’ surgeries, hospital waiting
rooms, libraries, family planning clinics, etc.; the Government
should instruct the tobacco industry to alter the current warning
“Tobacco seriously damages health” to “Tobacco damages health
and causes serious harm to the unborn child. Do not smoke while
pregnant”; to establish smoke free zone restaurants, buses, etc. and
introduce heavy fines. Whether these recommendation are really
applicable to the Jordanian society or not is a big issue. Yet we
need to raise the community’s awareness of smoking health risks
from various perspectives, legally, economically and socially, with
special emphasis on the benefits of quitting smoking.

Further studies are needed to investigate the long-term effects
and benefits of smoking withdrawal on conventional semen
parameters.
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