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Tobacco smoking continues to be the leading preventable cause of morbidity and mortality worldwide.
Each year more than 5 million smokers die prematurely because of their habit wreaking havoc on the
welfare of families and communities worldwide. While cigarettes remain the main tobacco killer
worldwide, for many youth tobacco use and addiction is maintained by means other than cigarettes. In
particular, over the past decade, waterpipe smoking (a.k.a. hookah, shisha, narghile) has become
increasingly popular among youth in the Middle East, and is rapidly spreading globally. Available
evidence suggests that waterpipe smoking is associated with many of the known risks of tobacco
smoking, particularly cancer. Despite these worrisome signs, policies and interventions to address this
emerging public health problem have been lagging behind. In this short review I discuss brieﬂy the
evidence generated mostly in the past decade about the global spread of waterpipe smoking and its
cancer risk potential.
ß 2012 Published by Elsevier Ltd.
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1. Introduction
Tobacco smoking continues to be the leading preventable cause
of morbidity and mortality worldwide. Each year more than
million smokers die prematurely because of their habit wreaking
havoc on the welfare of families and communities worldwide.
Most of the brunt of the tobacco epidemic is currently borne by
developing countries, and this is likely to worsen unless an
effective and comprehensive response is materialized [1]. While
cigarettes remain the main tobacco killer worldwide, for many
youth tobacco use and addiction is maintained by means other
than cigarettes. In particular, over the past decade, waterpipe
smoking (a.k.a. hookah, shisha, narghile) has become increasingly
widespread among youth in the Middle East, and is rapidly
spreading elsewhere [2]. Many factors are suggested as the main
drives behind the re-emergence of this ancient tobacco use method
including; the introduction of manufacture sweetened-ﬂavored
waterpipe tobacco (a.k.a. Maassel), the harm-reduced perception
of waterpipe smoking, and the communication revolution brought
about by the internet [2].
The waterpipe, known in many cultures under different shapes
and names (e.g., hookah, shisha, narghile), is a centuries-old
tobacco use method that has traditionally been associated with
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eastern societies. Evidence from around the world is accumulating
to signify the emergence of waterpipe smoking as a global threat to
public health [3–8]. In the waterpipe, charcoal-heated air passes
through a perforated aluminum foil separating the charcoal from
the ﬂavored tobacco to become smoke that cools as it bubbles
through the water on its way to the smoker (Fig. 1). This last
feature; i.e. the passage of smoke through water, underlies much of
the widespread misperception about waterpipe’s ‘‘reduced’’ harm
and addictiveness [9]. Available evidence however, suggests that
waterpipe smoking is associated with smoking-related diseases
[10]. Despite these worrisome signs of fast spread and potential
health risks, policies and interventions to address this emerging
public health problem have been lagging behind. In this short
review I discuss brieﬂy the evidence generated mostly in the past
decade about the global spread of waterpipe smoking and its
cancer risk potential.
2. The global epidemic of waterpipe smoking
Epidemiological trends of waterpipe smoking are very alarming, and what started in the 1990s as a local phenomenon among
youth in the Middle East soon became a global trend [2]. In the
Middle East, prevalence estimates of waterpipe smoking among
youth have already surpassed those of cigarette for most of
countries, and has been increasing considerably in the past decade
or so [5]. For example, in a representative sample (n = 1781) of 7th
graders (13 years) in Irbid-Jordan, the prevalence of waterpipe
smoking was more than double that of cigarette for both boys (20%
vs. 9%) and girls (7.5%vs. 2.3%) [11]. This same study showed 79%
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Fig. 1. Waterpipe picture (left) and schematic showing main parts (right).

increase in ever waterpipe smoking and 42% increase in current
waterpipe smoking among students within 2 years of follow up. A
multi-county study involving a representative sample of all 13–15
year school children in several Arab gulf countries (Bahrain, Oman,
Qatar, UAE, Kuwait, Yemen) showed a prevalence of waterpipe
smoking ranging from 9 to 15%, and mostly surpassing the
prevalence of cigarette smoking among these populations [12].
Recent evidence from dispersed populations and societies around
the world shows that the rest of the world is catching up on the
waterpipe trend [13]. For example, among college students in the
US, waterpipe smoking is steadily becoming the second most
popular form of tobacco use. According to a recent survey involving
more than 100,000 students in 152 colleges in the US, current
waterpipe smoking was reported by 8.4% of students, second only
to cigarettes (16.8%) [14]. The global spread of waterpipe smoking
among youth is best revealed by the Global Youth Tobacco Survey
(GYTS); the largest to date surveillance of tobacco use among
youth (13–15 years) with 209 surveys conducted in 95 countries.
Time trends from the GYTS (1999–2008) involving more than half
million participants worldwide, show that while cigarette smoking
is either stable or declining, other forms of tobacco are showing a
rising trend, most notably waterpipe smoking [15]. In epidemiological terms, such trends covering vast geographical territories,
diverse societies, and encompassing several age groups are
indicative of an epidemic that has taken hold among youth rather
than a passing fad. This trend has the potential only to exacerbate
unless we do something about it.
3. Epidemiological evidence of waterpipe cancer risk
So far, solid epidemiological evidence about cancer risk
associated with waterpipe smoking is scarce. What we have is
converging evidence from several lines of inquiry about the
cancer-inducing potential of waterpipe smoking. A recent
systematic review of studies of health effects of waterpipe
smoking shows for example that waterpipe smoking more than
doubles the risk of lung cancer, but was not signiﬁcantly
associated with bladder cancer, nasopharyngeal cancer, esophageal cancer, or oral dysplasia [10]. At the same time the review
highlights the methodological problems of the available literature
on the long term health effects of waterpipe smoking. Speciﬁcally,
most waterpipe-lung cancer studies concerned local types (e.g.
Chinese) of waterpipe that are different from the waterpipe used

in most parts of the world nowadays, and suffered from
inadequate attention to confounding such as exposure to
secondhand smoke, or occupational exposures [10]. More
recently, a recent-case control study of the association between
waterpipe smoking and lung cancer in the Kashmir valley showed
that waterpipe smoking is associated with a 6-fold increase in
lung cancer risk compared to nonsmoking [16]. This study again,
did not control for any other exposures (secondhand smoke,
occupational exposures), or even socio-economic factors.
The relation between waterpipe smoking and oral cancers is
even less studied. To date, only one study looked at waterpipe
smoking and nasopharyngeal cancer, but the small sample size of
that study precluded any meaningful conclusions about that
cancer risk [17]. The lack of studies of waterpipe smoking and oral
cancers lies in contrast with the strong potential of this tobacco use
method to cause such cancers. This potential has been highlighted
in two recent reports based on the (1) high levels of oral and
oropharyngeal cancers in some countries of the Middle East
compared to other parts of the world, (2) extended exposure to the
carcinogenic smoke content (e.g. tar, PAH, aldehydes) associated
with waterpipe smoking (average session time 1 hour), (3) chronic
mechanical trauma and irritation from the wooden or plastic
mouth piece, (4) chronic infection triggered by waterpipe sharing,
(5) oral complications of waterpipe smoking such as bone loss and
acute osteitis, and (6) oral epithelial cells reaction to exposure to
waterpipe smoke indicative of early carcinogenic processes [18–20].
Most of the direct epidemiological evidence about waterpipe
smoking and cancer risk lacks the methodological rigor needed to
provide clear public health and policy guidance. On the other hand,
the relative novelty of the waterpipe epidemic is another barrier
for epidemiological studies looking at the long term health effects
of waterpipe smoking akin of the case control and cohort studies of
the 1950s that led the way for tobacco control efforts against
cigarettes. However, awaiting such evidence can be very costly, as
the history of the cigarette epidemic clearly demonstrates. In
addition, already existing evidence draws a picture of a highly
hazardous and widespread behavior that requires urgent attention
by policy makers and tobacco control advocates. Below I review
some of indirect evidence of waterpipe cancer risk based on studies
of waterpipe smoke constituents and smokers’ exposure to known
smoking-related carcinogens, as well as some evidence about
waterpipe-related genetic toxicity.
4. Waterpipe smoke constituents related to cancer risk
Several studies pioneered by one of our collaborators at the
American University of Beirut (Alan Shihadeh, AUB), have
demonstrated the presence of high levels of major tobacco-related
carcinogens and toxicants in waterpipe smoke (Table 1) [21]. Most
of these studies relied on analyzing machine-generated smoke
(programed to imitate actual waterpipe smoking behaviors) that
showed good correlation with human exposure for several key
waterpipe smoking related toxicants [22,23]. One note of caution
when interpreting the waterpipe/cigarettes comparative data of
smoke constituents is that when comparing one ‘‘unit’’ of
waterpipe and cigarette we need to bear in mind that a typical
waterpipe smoking cession involves exposure to much larger
volumes of smoke due to larger puff volume (about 500 ml for
waterpipe compared to 50 ml for cigarette) and longer session
duration (about 1 h for waterpipe compared to 5–6 min for
cigarette) [21–26]. Studies of smoke constituents have shown that
waterpipe smoke contains known carcinogens such as polycyclic
aromatic hydrocarbons (PAHs), and naphthylamines [22,24].
Speciﬁcally, a group at the German Federal Institute for Risk
Assessment demonstrated recently that waterpipe smoke
contains a variety of carcinogenic and toxic substances such as
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Table 1
Comparison of smoke toxicants yield between waterpipe and cigarette.a
Waterpipe

Cigarette

Waterpipe/cig

‘‘Tar’’ (mg)
Nicotine (mg)
CO (mg)

802
3.09
145

15–29
1–3
10–23

8–53
1–3
6–15

PAH
Benzo(a)pyrene (ng)
Dibenz(a,h)anthracene (ng)
Indeno(1,2,3-cd)pyrene (ng)

307
147
183

20–40
4
4–20

8–15
37
9–45

Aldehydes
Formaldehyde (mg)
Acetaldehyde (mg)
Acrolein (mg)

630
2520
892

70–100
500–1400
60–140

6–9
2–5
6–14

Heavy metals
Arsenic (ng)
Chromium (ng)
Lead (ng)

165
1340
6870

40–120
4–70
34–85

1–4
19–335
80–200

Phenols (mg)
Phenol
o-Cresol
m-Cresol
p-Cresol
Catechol
Resorcinol
Hydroquinone

58.0
4.41
4.66
5.38
316
1.69
111

22.3
5.79
4.33
10.1
40.7
0.79
34.6

2.6
0.8
1.1
0.5
7.8
2.1
3.2

(adapted from [21,22,26,34–36]).
a
Comparisons of machine-smoked waterpipe and cigarette using standard
protocol for an average 1 h for waterpipe and 5 min for a cigarette.

tobacco-speciﬁc nitrosamines, polycyclic aromatic hydrocarbons,
primary aromatic amines and carbon monoxide [24,25]. Furthermore, Al Rashidi et al. at AUB reported that carbonyls, like
formaldehyde (IARC group 1) (IARC 2006), acetaldehyde (IARC
group 2B) (IARC 1999) or acrolein, are also present in the waterpipe
smoke, and that the levels of these toxicants were signiﬁcantly
higher than in cigarette smoke [26].
5. Waterpipe smokers’ exposure to tobacco smoke carcinogens
The above mentioned studies about waterpipe smoke constituents are telling about the potential cancer risks associated with
waterpipe smoking, but they need to be complemented by studies
showing that these toxicants actually get to the smokers. We are
beginning to learn about that as the ﬁrst in vivo evidence about
waterpipe smokers’ exposure to major tobacco related carcinogens
came recently from Jacob and colleagues at UCSF [27]. This group
enrolled 16 waterpipe smokers and measured several markers of
tobacco smoke exposure in the blood and urine of these smokers
before and after one waterpipe smoking session. They found that
urinary excretion of tobacco-speciﬁc nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) and polycyclic aromatic hydrocarbon (PAH) metabolite biomarker increased
signiﬁcantly following waterpipe smoking [27]. A more recent
study conﬁrmed this initial observation by comparing urinary
levels of (NNAL) and its glucuronides (NNAl-Gluc) in males who
were either current cigarette or waterpipe smokers with their
nonsmoking wives in rural Egypt. This study found signiﬁcantly
higher levels of urinary NNAL among male smokers of either
cigarettes or waterpipe compared with their nonsmoking wives
[28]. Together, the smoke constituents and exposure data provide
compelling evidence about hazardous exposures associated with
waterpipe smoking and their potential cancer risk for smokers.
6. Waterpipe smoking and genetic toxicity
Genetic toxicity is one of the main mechanisms of carcinogenesis, and demonstrating markers of genetic material damage
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as a result of exposure to waterpipe smoke or in waterpipe
smokers can provide early evidence about waterpipe’s cancer
potential. For example, in 2000 Yadav and Thakur compared the
mitotic index, chromosomal aberrations, sister chromatid
exchanges, and satellite associations in waterpipe smokers
and nonsmokers, and found all to be signiﬁcantly increased in
waterpipe smokers [29]. Later on El-Setouhy et al. conducted a
micronuclei assessment in the exfoliated oral cells of waterpipe
smokers and never smokers, and found a higher level of total
micronuclei in waterpipe smokers compared to nonsmokers
[18]. More recently, an in vitro study looking at the mutagenicity
of waterpipe smoke condensate using the Ames test (Salmonella
reverse mutagenicity assay) failed to show sufﬁcient mutagenic
effect at the usual dose range, but some mutagenic response
was seen at the highest tested dose [30]. Finally, human study of
waterpipe smoking related genotoxicity to peripheral blood
lymphocytes using chromosomal aberrations was recently
conducted. The results showed that similarly to cigarette
smoking, waterpipe smoking signiﬁcantly increased the frequencies of chromosomal aberrations, and that these aberration’s increased with more waterpipe use [31]. As such,
converging evidence from several lines of inquiry support the
notion that, like cigarette, waterpipe smoking involves cancer
risk to smokers.
7. Conclusions
Waterpipe smoking bears all the signs of burgeoning global
epidemic with grave outlook for tobacco-related morbidity and
mortality. Despite waterpipe’s alarming trends, there is a failure
of policies and regulations to address this emerging public health
threat. Most tobacco control policies and regulations, including
the Framework Convention on Tobacco Control (FCTC), either
exempt waterpipe smoking or are mostly tilted toward cigarettes
and the traditional tobacco industry of cigarette manufacturers
[32,33]. This policy failure perhaps represents one of the
important drives of the current waterpipe epidemic. Well
designed and conducted studies about waterpipe long term
health risks such lung and oral cancers are likely to help drive
powerful policy and intervention initiatives to limit the spread of
waterpipe smoking. In the meantime, we have enough evidence
from studies of waterpipe smoke constituents and smokers
exposure to predict these long term effects, and start active public
health campaigns to alert smokers and policy makers to this
emerging public health threat. Delaying that response or failing to
react to the waterpipe epidemic will mean repeating the mistakes
of the past and reaping their consequences of preventable death
and suffering.
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