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Exhaled Carbon Monoxide Levels and Demographics of 
Waterpipe Smoking Young at Outdoor Areas of Waterpipe 

Smoking Cafes, in Ankara

Ankara’daki Nargile Kafelerde Dış Ortamda Nargile Içen Gençlerin Demografik 
Verilerinin ve Ekshale Edilen Karbon Monoksit Düzeylerinin Değerlendirilmesi

Aim: Waterpipe smokers are exposed to several toxicants, including carbon 
monoxide (CO), causing potential health effects. The aim of the study was 
to investigate demographic features and exhaled CO levels of waterpipe 
smoking (WPS) young.

Material and Method: The study was implemented at the outdoor areas 
(open air) of WPS cafes, in Ankara, in August. Demographic characteristics 
and exhaled CO levels of young were detected before and after one hour 
of WPS.

Results: In 59 participants, 79.7% (n=47) were males. Mean age was 21.8±3.7 
years and 62.7% were students. The most common reasons for WPS were 
socialization (79.7%). Among waterpipe smokers, 47.4%(n=28) were also 
cigarette smokers. Among attendees, five (8.5%) had asthma diagnosis, and 
nine (15.3%) had one of their parents with asthma. Mean exhaled CO levels 
before and after WPS were 1.4±1.2 ppm and 9.4±5.3 ppm respectively 
(p=0.001). Males and cigarette smokers had higher mean exhaled CO levels, 
before WPS (p=0.033 and p=0.001, respectively). A significant correlation 
was detected between duration of WPS (years) and with exhaled CO levels 
before (p=0.005, r=0.363) and after WPS (p=0.039, r=0.270). In association 
with the rise in daily number of cigarettes, a rise in exhaled CO levels was 
also detected after WPS (p=0.044, r=0.383).

Conclusion: In Ankara, nearly half of WPS young are also cigarette smokers, 
are mostly students or unemployed, and WPS is perceived as a social event. 
Males, cigarette smokers and longer years of WPS practice are associated 
with higher mean exhaled CO levels.Large cohort studies, especially 
targeting high-risk groups are needed in understanding how to curb WPS 
and take environmental and policy controls. 
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ÖzAbstract

 İlknur Bostancı 1,  Rukiye Ünsal Saç2,  Dilek Kahvecioğlu3,  Serhat Emeksiz4,
  Medine Ayşin Taşar2

Amaç: Nargile kullanıcıları, karbon monoksit (CO) dahil olmak üzere çeşitli 
toksik maddelere maruz kalarak birçok potansiyel sağlık sorunlarıyla karşı 
karşıya kalabilirler. Bu çalışmanın amacı, gençler arasında nargile kullanımının 
demografik özelliklerini ve ekshale edilen CO düzeyleri üzerine etkisini 
araştırmaktır.

Gereç ve Yöntem: Çalışma Ankara'da bulunan nargile kafelerin dış 
mekanlarında (açık hava) Ağustos ayında gerçekleştirildi. Gençlerin demografik 
özellikleri, nargile kullanımı öncesi ve kullanımdan bir saat sonra ekshale edilen 
CO düzeyleri ölçüldü..

Bulgular: 59 katılımcının %79,7'si (n=47) erkekti. Yaş ortalaması 21,8±3,7 yıl 
ve % 62,7'si öğrenciydi. Nargile kullanımının en yaygın nedeni sosyalleşmeydi 
(%79,7). Nargile içenlerin %47,4'ü (n=28) aynı zamanda sigara kullanmaktaydı. 
Katılımcılardan 5’inde (%8,5) astım tanısı ve 9’unun (%15,3) da ailesinde astım 
öyküsü vardı. Nargile kullanımı öncesi ve sonrası ortalama ekshale edilen CO 
seviyeleri sırasıyla 1,4±1,2 ppm ve 9,4±5,3 ppm idi (p =0,001). Erkeklerde ve 
sigara içenlerde nargile kullanımı öncesinde ortalama ekshale edilen CO 
değerleri daha yüksekti (sırasıyla p=0,033 ve p=0,001). Nargile kullanım süresi 
(yıl) ile nargile kullanımı öncesi (p = 0,005, r =0,363) ve sonrası (p =0,039, r 
=0,270) ekshale edilen CO düzeyleri arasında pozitif bir korelasyon saptandı. 
Günlük sigara kullanım sayısı ile nargile kullanımı sonrası ekshale edilen CO 
düzeyleri arasında istatiksel olarak anlamlı bir ilişki saptandı (p = 0,044, r = 0,383).

Sonuç: Ankara'da nargile kullanan gençlerinin yaklaşık yarısı aynı zamanda 
sigara kullanmakta, çoğunluğu öğrenci veya işsiz ve nargile kullanımı sosyal bir 
olay olarak algılanmaktadır. Erkek cinsiyet, sigara içimi ve daha uzun yıllardır 
nargile kullanımı, daha yüksek ortalama ekshale CO düzeyleri ile ilişkilidir. 

Nargile kullanımını engellemek için, özellikle yüksek riskli grupları hedefleyen 
alınacak çevre ve politika önlemleri için yol gösterici olacak büyük kohort 
çalışmalarına ihtiyaç vardır.

Anahtar Kelimeler: Nargile kullanımı, ekshale edilen karbon monoksit 
düzeyleri, gençler
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INTRODUCTION
Tobacco use is one of the most important reasons for 
preventable mortalities, causing approximately six million 
deaths per year. World Health Organization estimates that, 
unless urgent action is taken, the annual death toll would rise 
to more than eight million by 2030.[1]

A worldwide campaign is conducted against cigarette 
smoking, which is the most common form of tobacco used. 
However, there are other ways of tobacco use apart from 
cigarettes; one of them is waterpipe use.[2,3] One WPS period 
lasts for 30–60 minutes and contains approximately over 100 
inhalations. The composition and amount of tobacco used 
in waterpipe has no standardization, and can be mixed with 
other addiction substances.[2,3] Waterpipe smoke contains 
many of the same toxicants as cigarette smoke. The nicotine 
amount in daily waterpipe users is at the same level as those 
smoking 10 cigarettes a day.[2,3]

The belief that WPS is less harmful compared to cigarette 
smoking, its being easily attainable, the cheap cost, the 
attractive pipe decorated with floral and other motifs, and 
aromatic taste of the tobacco used in WPS are held responsible 
for its spread as a global risk to public health.[2]  The recent 
trend is a social activity among adolescents that takes place at 
WPS cafes.[3,5,6]  These cafes are a facility of common used areas 
among young, provoking a significant increase in WPS.[7] 
Though there is more need for epidemiologic investigations, 
it is known that WPS is related to important problems such 
as malignancies, cardiovascular system diseases, decreased 
vital capacity, nicotine addiction and the risk of spreading 
infectious diseases.[4]  Carbon monoxide (CO) exposure was 
also reported to be intense with WPS4. Exhaled CO (eCO) 
levels in expired breath are a quantitative measurement to 
assess smoking habit of a person and correlates correctly 
with carboxyhemoglobin levels in blood. It was reported that 
exposure to waterpipe smoke is a cause of elevated eCO levels 
in smokers and passive smokers.[5] 
The purpose of this study is to evaluate the perceptions 
and sociodemographic characteristics of WPS young in WPS 
smoking cafes, in Ankara. The other aim is to compare the 
increment of eCO in the breath of young, pre and post WPS.

MATERIAL AND METHOD
This was a cross-sectional study, which was conducted in 12 
WPS cafes, that agreed to participate in the study. in Ankara, 
in August. Authors went to these cafes after finishing their 
work time, after 5 pm. The study was conducted between 
18:00 and 22:00 hours. Informed consent was obtained from 
all the participants and the ethics committee of Ministry of 
Health, Ankara Education and Research Hospital approved 
the study. Ethical approval: (Reference Number: 0058.286). 
The equipments required for the study were a carboximeter, 
disposable mouthpieces and questionnaire forms. The 
carboximeter was made in England and brand name was 
Bedfont microsmokerlyzer.

Throughout the year, the lowest average concentrations 
of particulate matter was observed in august and warning 
threshold value did not exceed at any day of this month in 
Ankara.[8] 

The study site was open areas of WPS cafes, in order to avoid 
influences of indoor pollution and passive smoking. Open-
air WPS cafes, not exposed to outdoor sources of pollution 
including vehicle pollution were chosen. Before beginning to 
WPS, the participant took a deep breath, held it for 15 seconds 
and blew out to the carboximeter. This eCO level before WPS 
was recorded. PreWPS measurements were performed before 
the first WPS smoked that day. Then, after the end of one hour 
WPS, eCO analyze was repeated. 

Pre and post WPS eCO levels were recorded as parts per million 
(ppm) percentages. By interviewing with the participant face 
to face, a questionnaire was filled including the questions 
below:

-How many years and how frequently (day, week, or monthly) 
have you been WPS?

-How many hours do you spend time at WPS cafe?

-How long does one period of WPS last (hours)?

-How often do you visit WPS cafe?

-What is your reason to begin using WPS?

-How did you become an addictor of WPS?

-Do you or your parents have asthma diagnosed by a doctor?

-Are you also a cigarette smoker? If yes, what is the reason? 
For how many years have you been and how many cigarettes 
a day?

-Do your parents use tobacco?

-What is your occupation?

If a participant is a type of chronic drug user, or had used any 
drug or drunk soda containing drink before the pre WPS eCO 
measurement time on the same day, this was excluded from 
the study.

Statistical Analysis

The data were evaluated using Statistical Program for Social 
Sciences (SPSS Inc. Chicago, IL, USA) 16.0 statistical analysis 
package program. Chi-square test was used for qualitative 
variables in statistical comparisons. Normal distribution of 
quantitative variables was evaluated using Kolmogorov-
Smirnow Z (K-S) test. Student t test was used in comparison 
of two independent groups, because the distributions were 
compatible with the normal distribution. Pre and post WPS, 
eCO levels were tested with paired samples t test.

Bivariate associations between continuous variables were 
assessed by Pearson’s correlation test.

A p value of <0.05 was considered statistically significant.
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RESULTS
Among 59 young, 79.7% (n=47) were males and 62.7% were 
students. Study group’s mean age was 21.8±3.7 (min 15-max 
32) years. Median years of WPS were 3 (min 1-max 10). Among 
the participations, 47.5% (n=28) were smoking waterpipe 
every day, and one period of WPS was median two hours (min 
1-max 4). Demographic data of the waterpipe smokers are 
presented in Table 1.
Among attendees, five (8.5%) had asthma diagnosis, and nine 
(15.3%) had one of their parents with asthma (Table 1).

The most common reason stated for WPS was socialization 
(79.7%). The effect and advice of the friends was the most 
important reason to get addicted to WPS (69.5%) (Table 2).

In the study group, that comprises entirely waterpipe smokers, 
47.5% (n=28) were also cigarette smokers. Cigarette smokers 
were cigarette smoking for a mean of 5.3±4.2 years (min 
1-max 20) (Table 3). Mean age of cigarette smokers (20.8±3.5 
years) were lower than the mean age of non-cigarette smokers 
(22.9±3.7 years) (p=0.044); and the rate of males were higher 
than females (p=0.023). The most frequent reason registered 
to begin cigarette smoking was curiosity (39.3%).

Mean eCO levels pre and post one hour WPS were 1.5±1.3 ppm 
(min 0.1-max 5.6) and 9.4±5.3 ppm (min 3- max 25), respectively 
(p=0.001). Males had higher mean pre WPS eCO levels than 
females (1.6±1.3 ppm and 0.8±0.7 ppm, respectively) (p=0.033). 
In addition, cigarette smokers had higher mean pre WPS eCO 
levels than non-cigarette smokers (2.0±1.5 ppm and 1.0±0.8 
ppm, respectively) (p=0.001) (Table 4).

Table 1. Demographic characteristics of the WPS adolescents in WPS cafes 
(n=59)

Variable n (%)*
Age (years) (mean ± SD) 21.8±3.7

Gender

Male 47 (79.7)

Female  12 (20.3)

Occupation

Student 37 (62.7)

Unemployed 16 (27.1)

Employed 6 (10.2)

Years of WPS practice

[median (average)] 3 ( 1- 10)

Frequency of water pipe smoking

Everyday 28 (47.5)

Weekly 13 (22.0)

Monthly 18 (30.5)

Duration of one period of water pipe smoking (hours)

[median (average)] 2 ( 1- 4)

Time spent at the cafe (hours)

[median (average)] 2 ( 1- 5)

Cigarette smoker 28 (47.4)

Alcohol drinker 21 (35.6)

Has asthma diagnosis 5 (8.5)

Parents have asthma diagnosis 9 (15.3)
*: Column percent

Table 2. Reasons stated for smoking and getting addicted to WPS
Variable n (%)*
Reason for WPS

Socialization/partying 47 (79.7)
Pleasant taste, sound or smell 7 (11.9)
Stress and tension relief or relaxation  4 (6.7)
To spend time and hang around 1 (1.7)

How he/she got addicted to WPS
The effect and advice of the friends 41 (69.5)
Curiosity 15 (25.4)
Emulation 3 (5.1)

*: Column percent

Table 3. Demographic characteristics of the cigarette smokers

Variable Value, n (%)

Age (years) (mean ± SD) 20.8± 3.5(15-30)

Gender

Male 26 (92.9)

Female 2 (7.1)

How he/she was had begun cigarette (n=28)

Curiosity 11 (39.3)

Peer pressure 9 (32.2)

Emulation 8 (28.5)

Years of cigarette practice (mean ± SD) 5.3±4.2 (1- 20)

Daily number of cigarettes smoked (mean ± SD) 15.6±8.0 (3- 40)

Mother is a cigarette smoker 7 (11.9)

Father is a cigarette smoker 16 (27.1)

Table 4. eCO levels pre and post one hour WPS

Pre WPS 
(ppm)

Post WPS 
(ppm) p

Total eCO levels (mean±SD) (n:59) 1.5±1.3 9.4±5.3 p=0.001

Gender (mean±SD) 

Male (n:47) 1.6±1.3 9.9±5.3 p=0.001

Female (n:12) 0.8±0.7 7.4±4.8

Cigarette Smoker (mean±SD)

Yes (n:28) 2.0±1.5 9.1±4.7 p=0.001

No (n:31) 1.0±0.8 9.6±5.8

Frequency of water pipe smoking (mean±SD)

Everyday (n:28) 1.6±1.3 10.8±5.5 p=0.001

Weekly (n:13) 1.0±0.8 8.1±5.3

Monthly (n:18) 1.4±1.4 8.0±4.4

Occupation (mean±SD)

 Student (n:37) 1.4±1.1 9.3±5.6 p=0.001

Unemployed+ Employed (n:22) 1.4±1.5 9.5±4.8

Has asthma diagnosis(mean±SD) 

Yes (n:5) 2.1±1.1 8.1±4.7 p=0.001

No (n:54) 1.4±1.2 9.5±5.4
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There was no statistical association between the WPS 
frequency and mean eCO levels pre/post WPS (p=0.316 and 
p=0.125, respectively). In addition, there were no statistical 
significances between mean pre/post WPS eCO levels and 
occupation, asthma diagnosis at the participant, parents 
cigarette smoking status or asthma diagnosis (p>0.05).
Longer years of cigarette smoking had a significant positive 
correlation with age (p=0.011, r=0.471).
There were significant positive correlations between post 
WPS eCO levels and daily cigarette consumption (p=0.044, 
r=0.383), and pre and post WPS eCO levels, and years of WPS 
practice (respectively; p=0.005, r=0.363; p=0.039, r=0.270).

DISCUSSION
Waterpipe smoking is an increasing public health concern, 
which is spreading across the world currently, including the 
young. The researches addressing WPS are unsatisfactory. 
There is a need to distribute the information about waterpipes’ 
health risks to all countries, by conducting more research on 
issues related to its use.[6,9] 

According to our study, WPS in Ankara is prevalent among 
students and unemployed youth. This result correlate well with 
other studies done previously that WPS is becoming common 
in students.[4,10]  It is essential that young, in particular students 
be informed about health hazards of WPS.
It is reported that, socialization/partying and the influence of 
friends were found as common identified motivating factors 
with WPS.[4]  Similarly, the young in our study thought that WPS 
is a social event. Influence of friends was the most important 
factor to get addicted to WPS.
About an hour WPS causes the consumer being exposed to 
many harmful chemicals during this time. Although smoke 
in waterpipe contains a high density of CO, nicotine, tar and 
heavy metals (arsenic, chrome, lead, nickel, cobalt, chrome, 
etc.),[11] as a restriction factor of our study, we could only 
measure the increment in eCO levels. We measured pre and 
post WPS levels of eCO in the open air, in order to exclude 
the effects of in-door pollution, on CO levels of the smoker. 
We determined a significant increase in post WPS eCO levels. 
So, even though a person smokes waterpipe infrequently, a 
significant CO exposure occurs that he/she gets harmed by 
the aerosol of waterpipe.
Normal level of mean eCO in non-smokers was reported as 
1.26 ppm, with a range from 0–6 ppm12. In our study group, 
mean preWPS eCO level was 1.5±1.3 ppm (min 0.1-max 5.6) 
and this level increased significantly after one hour WPS 
[9.4±5.3 ppm (min 3- max 25)] (p=0.001). In a study conducted 
by Akhter et al., baseline eCO levels (27.7±4.9 ppm) and the 
eCO levels after WPS (57.9±27.4 ppm) were higher compared 
to our findings.[5]  The reason of this difference was our study 
group used WPS at open air and in august, however the study 
group in Akhter et al.s’ were exposed to high amount of 
smoke due to in-door pollution, sitting in shisha bar causing 

significant increase in eCO levels.[5]  In other studies, which did 
not perform measurements in the open air, higher eCO levels 
were found after WPS compared to our study results.[13,14]  
About half of our study group (47.5%) was dual smokers 
(WPS and cigarette). It was reported that dual (WPS and 
cigarette) smoking rates are increasing amongst adolescents. 
Today, adolescents’ WPS usage rates are more prevalent than 
cigarette smoking alone and dual use rates are on the rise 
among both genders.[15]  However, our study is the first to 
investigate preWPS and postWPS eCO levels of dual smoking 
population in the clean air. 
Our study results showed significant baseline eCO levels in 
males and cigarette smokers even before initiation of smoking, 
therefore, these groups have a higher risk of CO exposure. Our 
study results also showed that post WPS eCO levels positively 
correlated with daily number of smoked cigarettes, and pre/
post WPS eCO levels positively correlated with waterpipe 
smoked years. This result might be referring that the increase 
in daily number of smoked cigarettes and many years WPS 
causes decreased lung capacity and CO elimination. However, 
the accuracy of this assessment cannot be proved with our 
available data.
In our study; among attendees five (8.5%) had asthma 
diagnosis, and nine (15.3%) had one of their parents with 
asthma. WPS significantly decreases pulmonary function 
parameters, including FEV1, FEV1/FVC ratio, and FEF, as well 
as the levels of FeNO.[16]  Exposure to waterpipe tobacco 
smoke can cause worsening asthma symptoms. Also 
maternal waterpipe smoking was significantly with allergic 
diseases,including asthma, allergic rhinitis and dermatitis.[17] 
In our study group, 47.5% of the participants were WPS daily 
and 22% were smoking weekly or more frequently. In regular 
waterpipe smokers of a University’s students in UK, 21.3% were 
smoking daily with 52% smoked weekly or more frequently.
[10]  In regular WPS college students in Saudi Arabia, 14.9% 
were reported as daily smokers.[18]  In our study group, daily 
waterpipe smokers are higher according to these studies. The 
reason for this result might be due to high rate of unemployed 
young (27.1%).
Our study population comprised 79.7% males, and the mean 
age was 21.8±3.7 years. In the US, waterpipe smokers were 
mostly males with ages between 15–25 years.[19]  In Saudi 
Arabia similarly, 63.8% of students started WPS at ages of 16–
18 years, the male gender being dominant16. In Pakistan also, 
males were dominant users of waterpipe (53.6%).[20]  Almost all 
studies show that WPS starts at adolescence and smokers are 
predominantly males.[4]  When developing WPS prevention 
programs to create awareness regarding its hazards, the target 
population should be males, with a focus on adolescents.
In a study conducted among university students in Jordan, 
female smokers mostly preferred waterpipe only to smoke in 
53% and in association with cigarettes in 14%. The place the 
female students had WPS was at home or somewhere else in 
46.8% and at coffee shops in 53.2%.[19]  The study reported that 
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WPS is increasing among women in the Eastern Mediterranean 
region because of more lax family and social attitudes related 
to it.[21]  In Turkey, it was shown that, although WPS was mostly 
used at cafes (called WPS café), 26.8% of the women and 9.7% 
of men smoked waterpipe at home.[22]  In this aspect, the low 
percentage of females in our study group might not reflect 
the real percentage of WPS female population, since a certain 
proportion might prefer private or home environment rather 
than public places to smoke, which might be difficult to study.

In Turkey, more than 100,000 people die each year due to 
smoking, a number estimated to increase to 240,000 deaths 
by 2030. Smoking was reported to be the most important risk 
factor for preventable deaths, in Turkey. Prevention of smoking 
would prevent 54,699 deaths, 52,905 in males and 1794 in 
females. However, there are no reports in Turkey attributed to 
health cost of WPS specifically.[22]  

Our study identified that WPS in the open area of WPS cafes 
causes a considerable increase in hazardous chemical CO levels 
in exhaled breath. The risk groups for higher CO exposure 
were males, cigarette smokers and those with longer years of 
WPS practice. Environmental and policy controls, especially 
targeting high risk groups are needed to curb WPS.

As a conclusion WPS is continuing to spread among 
populations worldwide and perhaps represents the second 
global epidemic since that of cigarette; the prevalence being 
6-39%.[4]  It is necessary to address issues related to social, 
health and dependence aspects of waterpipe use, with a focus 
on new ways of prevention.

Epidemiologic and toxicological researches are very important, 
as well as public health strategies for controlling the emerging 
epidemic of WPS should include implementation of laws to 
limit acquisition and use; and health education, targeting 
adolescents in particular.[2]  The present data might be a 
directive for public health policy makers to take preventive 
measures in order to restrain WPS in our country.
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