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What’s Known on This Subject

What This Study Adds

Tobacco smoking by using a water pipe (ie, hookah or narghile) seems to be proliferating on US college campuses. Water-pipe tobacco smoke contains many of the same
toxicants as cigarette smoke, and it has been associated with both harm and addiction.

Among Arizona youth, water pipe is the third most common source of tobacco use after
cigarettes and cigars. For those in high school, ever use of water pipe was 10.3%, and
30-day use was 5.4%. Increased national surveillance in this population is warranted.

ABSTRACT
BACKGROUND. Using a water pipe to smoke tobacco is increasing in prevalence among

US college students, and it may also be common among younger adolescents. The
purpose of this study of Arizona middle and high school students was to examine the
prevalence of water-pipe tobacco smoking, compare water-pipe tobacco smoking
with other forms of tobacco use, and determine associations between sociodemographic variables and water-pipe tobacco smoking in this population.
METHODS. We added items assessing water-pipe tobacco smoking to Arizona’s 2005

Youth Tobacco Survey and used them to estimate statewide water-pipe tobacco
smoking prevalence among various demographic groups by using survey weights.
We also used multiple logistic regression to determine which demographic characteristics had independent relationships with each of 2 outcomes: ever use of water
pipe to smoke tobacco and water-pipe tobacco smoking in the previous 30 days.
RESULTS. Median age of the sample was 14. Accounting for survey weights, among
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middle school students, 2.1% had ever smoked water-pipe tobacco and 1.4% had
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done so within the previous 30 days. Among those in high school, 10.3% had ever
smoked from a water pipe and 5.4% had done so in the previous 30 days, making
water-pipe tobacco smoking more common than use of smokeless tobacco, pipes, bidis, and kreteks (clove cigarettes).
In multivariate analyses that controlled for covariates, ever smoking of water-pipe tobacco was associated with older
age, Asian race, white race, charter school attendance, and lack of plans to attend college.
CONCLUSIONS. Among Arizona youth, water pipe is the third most common source of tobacco after cigarettes and cigars.

Increased national surveillance and additional research will be important for addressing this threat to public health.
Pediatrics 2009;123:e282–e288

A

WATER PIPE, also known as a hookah, narghile, or shisha-pipe, consists of a head into which tobacco is placed,
a body that is half-filled with water, and a hose through which the user inhales. The tobacco, which is generally
moist, flavored, and sweetened, is heated by using a piece of charcoal. Smoke inhalation can be substantial: a single
water-pipe use episode can last 30 to 60 minutes and can involve more than 100 inhalations, each ⬃500 mL in
volume.1,2 Thus, whereas smoking a single cigarette might produce a total of ⬃500 to 600 mL of smoke,3 a single
water-pipe use episode might produce ⬃50 000 mL of smoke.
Water-pipe smoke contains many of the same toxicants as cigarette smoke.1,4 Not surprisingly, carbon monoxide
is found in water-pipe users’ breath5–7 and nicotine is found in their blood,8 to the extent that blood nicotine of a daily
water-pipe user is similar to that of an individual who smokes 10 cigarettes per day.9 Although more epidemiologic
research is needed, water-pipe tobacco smoking has been associated with substantial harm, including cancer,
cardiovascular disease, decreased pulmonary function, and nicotine dependence.7,10–12
In the United States, the prevalence of this behavior seems to be growing, especially among college students.
Nearly 300 new water-pipe cafes opened in the United States between 1999 and 2004, mostly in college towns.13–15
Convenience sample surveys have suggested 30-day college water-pipe tobacco smoking rates as high as 15% to
20%,16,17 and a college-based random sample survey found a 30-day use rate of 9.5%, a 1-year use rate of 30.6%,
and an ever use rate of 40.5%.18
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Although we are learning more about water-pipe tobacco smoking among college students, there is little
information concerning how common this form of tobacco use is among US high school students. The behavior clearly can appeal to this age group; surveys indicate
previous 30-day water-pipe tobacco smoking rates as
high as 25% among Israeli and Lebanese high school
students,19,20 and 22% among a sample of Arab American high school students in the US Midwest.21 However,
we are aware of no published studies reporting state- or
national-level water-pipe tobacco smoking prevalence
among US high school students.
Identifying demographic characteristics associated
with water-pipe tobacco smoking in the United States
may help focus prevention efforts. Among college students, water-pipe tobacco smoking is associated with
white race, younger age, and membership in a fraternity
or sorority.16–18 Unfortunately, no such information is
available for representative samples of high school students. Thus, in 2005, the state of Arizona included water-pipe tobacco smoking items in its Youth Tobacco
Survey (YTS). To our knowledge, the 2005 Arizona YTS
represents the first statewide standardized assessment of
this behavior among US high school students.
The purpose of this study was to examine the 30-day
and lifetime prevalence of water-pipe tobacco smoking
in a statewide sample of high school students in Arizona.
In addition, we aimed to compare the prevalence of
water-pipe tobacco smoking with that of other forms of
tobacco use and to determine associations between sociodemographic variables and water-pipe tobacco use in
this population. We hypothesized that water-pipe tobacco smoking would be present, but that it would be
less common in high school than is cigarette smoking.
Based on previous information from other age groups,
we also hypothesized that it would be associated with
male gender and white race. Finally, consistent with
uptake patterns of other substance use during high
school, we expected that use would be associated with
increased age.
METHODS
Design, Participants, and Setting
The Centers for Disease Control and Prevention provides
technical assistance to states to administer a standardized
questionnaire, the YTS, for the surveillance of youth
tobacco use. The Arizona Department of Education, in
collaboration with the Arizona Department of Health
Services, administered the YTS to Arizona students in
grades 6 through 12 during the spring semester of the
2004 –2005 school year. The complete Arizona YTS contained 84 multiple-choice items modeled after the standard Centers for Disease Control and Prevention–recommended core YTS questionnaire,22 with additional
state-specific items. It was designed to be easily administered during a 45-minute class period. During this administration, Arizona included items assessing waterpipe tobacco smoking.

Sampling
Separate middle school and high school samples were selected from all public district schools (standard public
schools that draw from 1 particular district) and charter
schools (that may draw from multiple districts) in Arizona.
This selection strategy produced 4 separate samples: (1)
district high school; (2) district middle school; (3) charter
high school; and (4) charter middle school.22 For each
sample, the sampling frame consisted of all schools containing students enrolled in grades 6 through 8 for the
middle schools and grades 9 through 12 for the high
schools for both district and charter schools. All schools
with more than 3 students in the specified grade ranges
were included in the sampling frame. A 2-stage cluster
sample design was used to produce a representative sample
of middle school students in grades 6 through 8 and high
school students in grades 9 through 12; however, charter
school students were oversampled to have enough statistical power to conduct stratified analyses with this subgroup.22 PC-Sample was used to draw all 4 samples.23
Recruitment, Permission, and Data Collection
Selected schools were recruited in early January 2005.
Letters were followed by telephone calls directly to the
superintendents, school directors, or principals. After
schools agreed to participate, a school contact person
was assigned, classes were selected, and a date for data
collection was scheduled. The type of permission form
(active or passive) used was left to the discretion of the
school. The overwhelming majority of schools (139 of
156; 89%) opted to use passive parental permission
forms.
Data collection was conducted by trained personnel
and began in late January and continued through the
middle of May 2005. One data collector went to each
school and administered the survey to the selected
classes. Teachers remained in the classrooms to identify
students who did not have permission to participate in
the survey and maintain order during data collection.
Teachers provided alternate activities to nonparticipating
students. Student make-ups were conducted to maximize response rates. Make-up sessions were often
needed at schools because of student absence or lack of
parental consent when the initial administration occurred. Response rates were high, with 93% of selected
schools participating (156 of 186). Furthermore, 86% of
eligible students provided evaluable data (6594 of 7646),
for an overall response rate of 80%.
Measures
The Arizona YTS asked 2 items related to water-pipe use.
The first asked, “Which of the following tobacco products have you ever tried, not including cigarettes? (You
can choose one answer or more than one.),” for which
“hookah” was 1 of the possible responses. The other item
asked a similar item that was phrased, “During the past
30 days, which of the following tobacco products have
you used, not including cigarettes?” Thus, we examined
each of the 2 water-pipe tobacco smoking outcomes
assessed in the Arizona YTS: (1) 30-day water-pipe
smoking; and (2) ever water-pipe smoking.
PEDIATRICS Volume 123, Number 2, February 2009
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TABLE 1 Prevalence of Water-Pipe Tobacco Smoking in Arizona 6th- to 12th-Grade Students (2005)
Whole Sample, Ever Smoked Tobacco
n (%)a
From a Water Pipe, %
(95% CI)b
All participants
Grade level
6th
7th
8th
9th
10th
11th
12th
Gender
Male
Female
Race
American Indian or Alaska Native
Asian American
Black
Hispanic/Latino
Native Hawaiian or other Paciﬁc
Islander
White
School type
Regular
Charter
Plans to attend college
Deﬁnitely yes
Not deﬁnitely yes

Pb

Smoked Tobacco From
a Water Pipe in the
Previous 30 d, %
(95% CI)b

Pb

6594 (100)

6.4 (5.7–7.1)

3.5 (2.9–4.0)

1035 (15.9)
1073 (16.4)
1115 (17.1)
889 (13.6)
850 (13.0)
877 (13.4)
688 (10.5)

1.2 (0.2–2.1)
1.8 (0.7–3.0)
3.3 (2.1–4.5)
6.6 (4.7–8.5)
8.4 (6.1–10.7)
12.9 (10.3–15.6)
15.1 (11.9–18.3)

⬍.001

0.8 (0.01–1.5)
1.7 (0.6–2.8)
1.7 (0.9–2.6)
4.3 (2.7–5.8)
4.9 (3.1–6.8)
5.4 (3.6–7.2)
7.3 (5.0–9.7)

3173 (48.1)
3385 (51.3)

7.3 (6.2–8.5)
5.5 (4.5–6.4)

.01

4.2 (3.3–5.1)
2.7 (2.1–3.4)

.008

492 (7.9)
171 (2.7)
439 (7.0)
2121 (33.8)
86 (1.4)

3.2 (1.4–5.0)
7.9 (3.1–12.6)
3.9 (1.7–6.2)
4.2 (3.2–5.3)
10.1 (2.4–18.0)

⬍.001

2.2 (0.6–3.8)
3.6 (0.5–6.8)
2.7 (0.8–3.5)
2.7 (1.8–3.5)
7.4 (0.03–14.8)

.02

2961 (47.2)

8.5 (7.3–9.7)

4006 (60.8)
2588 (39.3)

6.0 (5.3–6.8)
10.5 (9.1–11.8)

⬍.001

3.3 (2.7–3.9)
5.5 (4.4–6.5)

⬍.001

4502 (72.6)
1698 (27.4)

5.3 (4.5–6.1)
9.5 (7.7–11.3)

⬍.001

3.1 (2.4–3.7)
4.5 (3.2–5.7)

.03

⬍.001

4.1 (3.2–5.0)

CI indicates conﬁdence interval.
a Data do not always sum to total sample sizes because of missing data. Percentages are based on the total for each category and may not
total 100 because of rounding.
b These were 2 analyses that used Arizona YTS sampling weights.

To compare water-pipe tobacco smoking with use of
other tobacco products, we also used YTS assessments of
30-day and ever use of other tobacco products. Finally,
we examined all survey demographic characteristics potentially related to water-pipe use, including age, gender, race, type of school (charter versus district), and
plans to attend college. We included “plans to attend
college” in our multivariable models because this construct, which approximates socioeconomic status, has
been inversely associated with substance use.24,25
Analysis
Sampling weights were applied to all records, and all
analyses were conducted by using weighted data with
Stata 9.2 (Stata Corp, College Station, TX). After providing descriptive analysis of participants, we used bivariate
and multiple logistic regression to determine which demographic characteristics had independent relationships
with the outcomes. Our primary regression models included all measured covariates. We omitted students
with any missing data from our analyses, a strategy that
likely did not affect our results, because ⬍2% of our
sample had missing data. For our primary models, we
defined statistical significance as a 2-tailed ␣ value of .05.
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RESULTS
We received data from 6594 respondents, representing
483 586 adolescents. Median age was 14, and all grades
from 6 through 12 were well represented. The sample
was 48% male. The sample was largely white (47.2%)
and Hispanic or Latino (33.8%). Fewer respondents
identified as American Indian or Alaskan Native (7.9%),
black (7.0%), Asian American (2.7%), and Native Hawaiian or Pacific Islander (1.4%). Almost 40% of the
sample attended a charter school (Table 1).
Accounting for survey weights, 6.4% of Arizona middle and high school students had ever smoked tobacco
from a water pipe, and 3.5% had done so in the previous
30 days. Water-pipe tobacco smoking increased significantly with grade level (Table 1). Among middle school
students (grades 6 – 8), 2.1% had ever smoked waterpipe tobacco and 1.4% had done so within the previous
30 days. Among those in high school (grades 9 –12),
10.3% had ever smoked from a water pipe and 5.4%
had done so in the previous 30 days.
Other demographic comparisons are shown in Table
1. Compared with females, males reported more frequent ever use of a water pipe (7.3% vs 5.5%; P ⫽ .001)
and more frequent use over the previous 30 days (4.2%
vs 2.7%; P ⫽ .008). Water-pipe tobacco smoking differed
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FIGURE 1
High school seniors’ use of tobacco products in Arizona (2005). All
percentages were computed by using survey weights. a Includes
cigarillos and “little cigars.”
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significantly by race (Table 1). Ever use was most common among Pacific Islander students (10.1%), followed
by white students (8.5%), and Asian American students
(7.9%). American Indian students had the lowest rates
of water-pipe tobacco smoking (3.2% ever, 2.2% previous 30 days). Charter school students were more likely
than regular students to have smoked from a water pipe
ever (10.5% vs 6.0%; P ⬍ .001) or in the previous 30
days (5.5% vs 3.3%; P ⬍ .001). Compared with those
who definitively planned to attend college, those who
did not have definite plans to attend college were more
likely to have smoked from a water pipe ever (9.5% vs
5.3%; P ⬍ .001) or in the previous 30 days (4.5% vs
3.1%; P ⫽ .03).
Water-pipe tobacco smoking was particularly common among 12th-graders, as 15.1% of Arizona students
reported having ever smoked tobacco from a water pipe
and 7.3% having done so in the previous 30 days. This
made water-pipe tobacco smoking the third most common source of tobacco for young people this age (Fig 1).
In multivariate analyses that controlled for covariates,
the odds of ever smoking tobacco from a water pipe were
higher among older compared with younger students,
Asian American and white students compared with
American Indian or Alaska Native students, students
attending charter school compared with regular school,
and among students who were not definitely planning to
attend to college compared with students who definitely
were planning to attend college (Table 2). The odds of
previous 30-day use were higher among older compared
with younger students, males compared with females,
students attending charter school compared with regular
school, and among students who were not definitely
planning to attend to college compared with students
who definitely were planning to attend college (Table 2).
DISCUSSION
In Arizona, ⬃2% of middle school students and 10% of
high school students report some history of water-pipe

Cigarsa

Waterpipe

Smokeless

Pipe

Bidis

Kreteks

tobacco smoking, making it more common than many
other tobacco-use methods. In this population, ever water-pipe tobacco smoking was associated independently
with increasing age, Asian race, white race, attendance
at a charter school, and lack of plans to attend college.
The prevalence results are consistent with reports
from college campuses16,18,26 and highlight the need for
intervention to prevent water-pipe tobacco smoking
among US youth. Also in our sample, higher point estimates were observed for water-pipe tobacco smoking
among Pacific Islander students and Asian American
students (although sample size limited statistical power
in some instances). These results may reflect the history
of water-pipe tobacco smoking, as the practice has its
roots in the Indian subcontinent as well as the Middle
East.27
In our sample, water-pipe smoking was more common among older youth. This is similar to uptake patterns of other substance use,28 likely reflecting the new
environmental and social milieu of high school. Interestingly, in college samples, higher rates of water-pipe
tobacco smoking are often observed among younger
students.18 This seeming discrepancy may reflect an interaction between a desire to socialize in peer groups and
age-limited access to venues where alcohol is served.
Individuals who are ⬍21 years of age who seek opportunities to socialize with peers may be stymied by restricted access to alcohol-serving venues, but may find
easier access to “hookah cafés” and similar establishments that often do not serve alcohol. Thus, water-pipe
tobacco smoking may be particularly attractive and accessible to older high school students and younger college students.
An unfortunate byproduct of this early exposure to
tobacco smoking via water pipe may be an increased
likelihood of cigarette smoking. In 1 study of Arab
American adolescents, the odds of experimenting with
cigarettes were 8 times greater for those who had ever
smoked tobacco by using a water pipe.29 This issue of
PEDIATRICS Volume 123, Number 2, February 2009
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TABLE 2 Multivariate Relationships Between Water-Pipe Tobacco Smoking and
Sociodemographic Data

Grade level
Gender
Male
Female
Race
American Indian or Alaska Native
Asian American
Black
Hispanic/Latino
Native Hawaiian or other Paciﬁc Islander
White
School type
Regular
Charter
Plans to attend college
Deﬁnitely yes
Not deﬁnitely yes

Ever Smoked Tobacco From a
Water Pipe

Smoked Tobacco From a Water
Pipe in the Previous 30 d

OR (95% CI)
Unadjusted

OR (95% CI)
Adjusteda

OR (95% CI)
Unadjusted

OR (95% CI)
Adjusteda

1.5 (1.4–1.7)b

1.6 (1.4–1.7)b

1.4 (1.3–1.5)b

1.4 (1.2–1.5)b

1
0.7 (0.6–0.9)b

1
0.8 (0.6–1.1)

1
0.6 (0.5–0.9)b

1
0.6 (0.4–0.9)b

1
2.6 (1.1–6.2)b
1.2 (0.5–2.8)
1.3 (0.7–2.5)
3.4 (1.2–9.6)b
2.8 (1.5–5.1)b

1
3.2 (1.2–8.4)b
1.3 (0.5–3.5)
1.4 (0.7–2.9)
2.5 (0.7–9.4)
3.2 (1.6–6.4)b

1
1.7 (0.5–5.5)
1.2 (0.4–3.5)
1.2 (0.5–2.8)
3.6 (0.96–13.4)
1.9 (0.9–4.3)

1
2.0 (0.6–7.0)
1.0 (0.3–3.4)
1.4 (0.6–3.4)
2.5 (0.5–12.1)
2.1 (0.9–5.0)

1
1.8 (1.5–2.2)b

1
1.5 (1.2–1.8)b

1
1.7 (1.3–2.2)b

1
1.4 (1.1–1.9)b

1
1.9 (1.5–2.4)b

1
2.0 (1.6–2.8)b

1
1.5 (1.03–2.1)b

1
1.5 (1.02–2.2)b

OR indicates odds ratio; CI, conﬁdence interval.
a Adjusted for all variables in the table.
b P ⬍ .05

water-pipe tobacco smoking as a “gateway” to cigarette
smoking in the United States requires additional examination among all age groups.
We found that, compared with district school students, charter school students were more likely to smoke
water-pipe tobacco. In Arizona, charter schools are public schools, with 80% of their funding coming from local
school districts and the state. They offer parents and
students alternatives to neighborhood district schools in
that they operate independently, choose their own academic focus, have fewer students and, therefore, typically have smaller class sizes, and can hire teachers that
are not state certified. Charter schools are known to
serve different clientele than district schools because
parents must actively seek them out. At the high school
level, there are several college preparatory charter
schools that cater to high academic achievers, but many
schools also serve at-risk students who have left the
traditional public school system and are looking for a
“last resort.”30 Thus, our finding that charter school students were more likely to smoke water-pipe tobacco
may reflect this population’s tendency toward risk-taking behavior.
Similarly, we found that water-pipe use was twice as
likely among youth who did not report definite intentions to attend college. Because water-pipe tobacco
smoking has been studied primarily in college-based
studies, there has been a tendency to minimize its importance as a fad among higher-achieving, lower-risk
youth. Our results, however, suggest that it may be more
similar to other types of tobacco use than previously
thought, with higher uptake among higher-risk youth.
It is unclear whether the prevalence numbers in other
states will be higher than, lower than, or equal to those
e286
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in Arizona. Anecdotally, compared with other states,
Arizona does seem to have more water-pipe cafés, most
of which are located in Tempe (www.hookah-bars.com).
However, it is also likely that prevalence would be
higher in the many other states with a higher concentration of colleges and/or urban centers compared with
Arizona. Finally, there are likely to be other environmental and regional factors that may be associated with
water-pipe tobacco smoking prevalence, and future
studies should begin to assess these variables.
Regardless of the US state, there are several reasons
that, relative to other types of tobacco, water-pipe tobacco smoking may continue to increase among youth.
First, water-pipe tobacco smoking is less physically harsh
than smoking from a cigarette or a cigar (eg, the smoke
is cooler and easier to inhale1), and the tobacco is commonly sweetened and flavored (eg, apple, bubble gum,
chocolate, frappucino, mint, orange soda, root beer, watermelon). Second, although educational programs related to the dangers of cigarette smoking are commonplace, water-pipe tobacco smokers and other young
people downplay the potential for harm or addictiveness
from water-pipe tobacco smoking.17,18,26 Finally, legislation that limits cigarette smoking in public places often
exempts water-pipe smoking venues,14 thus giving the
appearance that the risks of exposure to tobacco smoke
generated by a water pipe are somehow less than the
risks of exposure to tobacco smoke generated by a cigarette.
For all of these reasons, an important implication of
our findings is that continued surveillance and waterpipe–specific prevention efforts are required. Presently,
we are aware of no national surveys that include items
related to water-pipe tobacco smoking, although other
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forms of tobacco use that were less common in this
sample are included (eg, smokeless tobacco, pipes, bidis,
and kreteks, also known as clove cigarettes). Understanding the prevalence of water-pipe tobacco smoking
nationally, particularly among high school and college
students, will help focus the development and assess the
effectiveness of prevention programs. Prevention program development will be further aided by quantitative
and qualitative studies assessing factors such as the (1)
contexts in which water-pipe tobacco is used among
high school and college students, and (2) beliefs and
attitudes that are associated with water-pipe use in these
populations.
Similarly, it is important for clinicians to be aware of
this emerging trend. Current guidelines instruct clinicians to ask about all types of tobacco use, including
smokeless tobacco.31 If indeed water-pipe tobacco smoking is more common and potentially more harmful than
smokeless tobacco,12 clinicians should similarly inquire
about and counsel regarding this type of tobacco use.
LIMITATIONS
This study used cross-sectional data, so causality or temporal relationships cannot be inferred from the results.
In addition, the survey was limited to 2 items assessing
water-pipe tobacco smoking history: ever-smoking and
previous 30-day smoking. More items that provide detailed information regarding water-pipe smoking patterns in this population will help fully delineate waterpipe use behaviors. Also, these data came from 1 US
state, and results from surveys of middle and high school
students in other states may differ; national studies are
clearly merited. Similarly, the survey did not assess
knowledge, attitudes, or beliefs related to water-pipe
tobacco smoking. However, our data provide a crucial
starting point for future studies addressing these limitations.
CONCLUSIONS
These data from Arizona show that water-pipe tobacco
smoking is common among youth ⬍18 years of age and
that it is associated with increased age, certain racial
groups, and markers of high-risk behavior. Increased
surveillance and additional research are necessary to
address this growing threat to public health.
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