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Abstract

Background: The emergence of hookah is being noted on college campuses and in large U.S. cities and evidence
points to an increasing trend for college students. The purpose of this study was to assess hookah use and identify
associations with cigarette smoking and demographic factors.

Methods: An intercept sampling method was used at various locations on a large university campus in the
southeastern United States, yielding a high participation rate (52%). A total of 1,203 participants completed a
computer-aided survey that assessed the use of tobacco products. The sample characteristics were then weighted
to match the University population of students enrolled during the same semester. Bivariate (chi-square and t-test)
and multivariate (logistic regression) tests of association were conducted to assess differences between cigarette
and hookah users.

Results: Hookah smoking exceeded cigarette smoking for both ever use (46.4% vs 42.1%) and past year use (28.4%
vs 19.6%). Females and males used hookah at similar rates. Hispanic respondents had the highest prevalence of
current use of hookah (18.9%) and cigarettes (16.4%).

Conclusions: As hookah surpasses cigarette use, efforts need to be made to slow the increase in new tobacco
products that are attractive to young adults and that pose many of the same health risks as those related to
traditional tobacco products. Prevalence of all emerging tobacco products, including hookah, and the relationship
with cigarette use needs to be monitored on an ongoing basis.
Background
Although cigarette smoking among young people is on the
decline, the prevalence of hookah (also called waterpipe or
narghile) is increasing, particularly on college campuses
across the United States. When examining rates, re-
searchers often categorize responses as “ever use” (or life-
time use) or “current use” (defined as use in the past
30 days). Prevalence estimates for lifetime use of hookah
by adolescents and young adults range from 10% to nearly
60% (among adolescent cigarette smokers) [1-7] depending
on the population characteristics. Hookah use in the past
30 days has been found to be associated with younger age
[3,4,8], being male [1,2,5] and white race [3,4]. In one large
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study aimed at comparing cigarette and hookah use among
college intramural, club, and varsity athletes, 2,576 stu-
dents (29.5%) reported ever trying hookah tobacco smo-
king and 631 (7.2%) reported hookah tobacco smoking in
the past 30 days [8]. College students who had ever used
hookah were significantly more likely to be aged 20–21
(34.2%), male (34.2%), and not black (87.8%) [8]. To broa-
den the research to include multiple institutions, Sutfin
et al. [7] sampled college students from eight universities
in one U.S. state; 40.3% of the sample reported ever using
hookah and 17.4% of the students reported current (past
30 day) hookah use. Many hookah smokers also reported
cigarette use [9].
While hookah use appears to be increasing in popularity,

research suggests cigarette use is decreasing. According
to the 2009 National Survey on Drug Use and Health
(NSDUH) [10], full time college students were less likely to
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be current cigarette smokers (27.1%) when compared to
same-aged peers not enrolled in college (40.6%). The pre-
valence of daily cigarette use among all current smokers
aged 18–25 years dropped from 48.1% in 2008 to 45.6% in
2009 [10]. Additionally, while the CDC [11] reports more
current cigarette smoking among males (22.8%) vs. females
(17.4%) between 18 and 24 years of age, these rates repre-
sent a decline from 18 to 24 year-olds in 2005 (males
28.0% and females 20.7%) [11].
During a time in which cigarette use is showing decreas-

ing trends [12], there is reason to be concerned about
emerging tobacco products, including hookah, becoming
popular among adolescents and college students. A recent
press release from the CDC reported that the drop in
cigarette consumption is being “offset by increases in other
forms of tobacco” [13]. These alternative forms of tobacco
need increased attention to prevent cigarette users from
simply switching to a different form of tobacco use. There-
fore, the purpose of this study was to assess hookah use
and to identify associations with cigarette smoking and
demographic factors at the University of Florida (UF), a
large university in the southeastern United States.

Methods
Sample
We intercepted potential student participants at three loca-
tions on the UF campus. We selected locations that
reached a diverse group of students in terms of major/
affiliated college, sex, race, and level in school (freshman
to graduate student). Three locations were used approxi-
mately 10 different days for 4–6 hours at a time. Each lo-
cation’s days and times were different week to week. At
the conclusion of each day of data collection, the sample
was analyzed to ensure appropriate representation of the
target population, with a plan to oversample if it appeared
that groups were under-represented in the sample.
To the best of their ability, the research assistants

approached every 10th person that passed near the area.
Access to each location was such that large groups of
people would typically not pass by at the same time. For
instance, at one location there is a sidewalk that will com-
fortably accommodate no more than two or three people
side by side. We chose this sampling method as a way to
force the research assistants not to select respondents
based on any visual characteristics, such as their demeanor.
Once they reached 75–100 completed surveys, the team
moved to another location. The final sample included
1,203 participants.

Procedure
At each location, we set up five stations with laptop com-
puters. Each computer had the survey instrument loaded
into the computer-assisted personal interview (CAPI) pro-
gram. Research assistants approached prospective respon-
dents and offered them a $5 gift card for their participa-
tion. Students who agreed were given a card with a unique
identifier; they then went to a station with computers, read
and signed a consent form, typed in their identifier code,
and handed the card to the research assistant overseeing
the stations. Participants were given the gift card after
completing the survey. Using this approach, multiple sur-
veys were conducted simultaneously. The study protocol
and survey instrument were approved by the UF IRB. Da-
ta were collected during the months of November and
December, 2009.

Survey instrument and measures
We developed a computer-based survey instrument to
collect information on study participants’ tobacco-related
behaviors and demographic characteristics. A thorough li-
terature review of past studies informed the questions in-
cluded and the instrument was pilot-tested on a group of
students prior to administration for the study.
Participants answered demographic questions regarding

their sex, race/ethnicity, and age; academic characteristics
such as current level in school (undergraduate/graduate),
affiliated college (a drop-down menu of all colleges in the
university), and full-time or part-time enrollment status. If
individuals were not current UF students, they were not in-
cluded in the study. Although ethnicity and race were asked
separately on the survey instrument, when matching back
to university registrar data for weighting to ensure repre-
sentativeness we found that those items were not reported
separately in the database. Therefore, for weighting pur-
poses we first ensured that the proportion of Hispanic and
non-Hispanic respondents matched the university registrar
and then we categorized by students’ race if they were not
of Hispanic ethnicity. Furthermore, those identifying as
American Indian and Multiracial were combined into the
Other race group for statistical testing.
Participants were asked to identify if they had ever used

cigarettes or hookah/waterpipe in their lifetime. Partici-
pants who reported ever use were then asked separately
whether they had used the product in the past 12 months
(year) or past 30 days. After identifying which tobacco
products participants had used, participants were also
asked which product they tried first and the age of first use
for each product. Respondents who reported hookah use
were also asked to describe the social setting for use,
whether they smoked with others or alone, and where they
typically smoked hookah.

Data analysis
To minimize sampling bias, we computed a sampling
weight for each student based on ethnicity and race, sex,
level of education, and college affiliation. The sampling
weight was computed based on the population distribution
from the data obtained from the university registrar office



Table 1 Selected demographic characteristics of study
participants (N=1203)

Characteristic N Weighted% Unweighted%

Age (y)

18 154 9.3 12.8

19 205 12.5 17.0

20 224 16.4 18.6

21 235 17.7 19.5

22 127 12.5 10.6

23 77 8.5 6.4

24 61 8.1 5.1

25+ 120 14.9 10.1

Sex

Male 550 46.4 45.7

Female 653 53.6 54.3

Hispanic

Yes 219 13.0 18.2

No 983 86.9 81.8

Race/Ethnicity

American Indian or Alaska Native 9 1.0 0.7

Asian/Asian American 162 8.2 13.5

Black or African American 185 8.8 15.4

White/Caucasian 649 63.7 53.9

Multiracial 93 7.4 7.7

Other 88 7.2 7.3

Level

Undergraduate 956 64.9 79.5

Graduate or professional 247 35.1 20.5

Weighted% was compared to registrar data and weighted to represent the
enrolled college population during the same semester as data collection.
Unweighted% represents the raw percentages of the sample from which data
was collected.
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for Fall, 2009. The sampling weight for each participant
was calculated by dividing the race-ethnicity/sex/academic
proportion for that individual in the target population by
the corresponding proportion in the sample. Although race
and Hispanic ethnicity were measured separately, they
were combined for analytic purposes.
Chi-squared tests were used to test the associations be-

tween categorical demographic variables and both cigarette
and hookah use. Two independent-sample t-tests were
used to test the difference in mean age between cigarette
and hookah users and non-users. Using logistic regression,
odds ratios for hookah use by demographics and cigarette
use were calculated. The models developed predicted hoo-
kah use at all time frames (ever, past year, or current) first
with just demographic variables included (Model 1), and
then with the same time frame for reported cigarette use
(Model 2). These tests were calculated using SAS statistical
software v9.2 (Cary, NC).

Results
We invited 2,328 individuals to participate in the survey;
1,203 agreed and completed the survey, yielding a 51.7%
response rate. We also achieved high participation rates
among males (45.7%) and non-whites (46.1%). The weigh-
ted percentages and unweighted sample characteristics are
presented in Table 1.

Prevalence
Hookah and cigarette total prevalence assessed by ever, past
year, and current use and comparison between males and
females are presented in Table 2. Overall, hookah smoking
was more prevalent than cigarette smoking for ever use
(46.4% vs. 42.1%, χ2 (1)=389.7, p<.0001) and past year use
(28.4% vs. 19.6%; χ2 (1)=245.3, p<.0001 ). While prevalence
of current hookah use (9.9%) was similar to that of ciga-
rettes (10.8%), cigarettes were used more often (χ2(1)=96.8,
p<.0001 ). Table 2 also presents the sex-specific prevalence
rates of cigarette and hookah use. There were no sex differ-
ences in hookah smoking for ever, past year, or current use
or cigarette smoking for ever or past year. However, current
cigarette smoking was twice as prevalent among males
(14.7% vs. 7.4%; χ2(1) = 16.5, p < .05) than females.
Table 3 presents hookah and cigarette use prevalence

by race and ethnicity. Participants identifying as His-
panic reported both the highest cigarette and hookah
use rates for each time frame of use (ever, past year, and
current), followed by whites, Asian, and other. Partici-
pants who identified as black/African American reported
little cigarette or hookah use across all three time frames
of use.
There was no age difference for ever use, but past year

users of hookah were younger (M = 21.0) than those who
had not used in the past year (M = 22.5) (t(1193) = −4.52,
p < .001). This relationship was also true for current
hookah use: current hookah users were slightly younger
(M = 22.0) than non-current hookah users (M = 22.2; t
(1191)= −3.35, p < .001). Ever users of cigarettes were
slightly older than never users (22.63 vs. 21. 71; t(1202) =
2.17, p < .05) but no age differences were found for
reported past year or current use.

Age at first use
Among those who reported ever using cigarettes or hoo-
kah, the average age of first tobacco use was 16.4 years
(SD = 0.16). Cigarettes were more likely to be the first to-
bacco product tried (58.0%) than was hookah (18.9%). Re-
spondents who reported cigarettes as their first form of
tobacco use were more likely to be under the age of 18 at
the time of first use (67.9% vs. 43.6%; χ 2 (1) = 13.26,
p<.001). Those who reported trying cigarettes first were
more likely to be females (65.3%) than males (51.5%; χ 2

(1) = 6.06, p < .05). In contrast, those who tried hookah



Table 2 Prevalence of use of hookah and cigarettes by sex

Total N (%) Male N (%) Female N (%) χ2 (1) p

Hookah use

Ever use 546 (46.4)* 268 (47.8) 278 (45.2) 0.4 0.529

Past year use 361 (28.4)* 177 (28.4) 184 (28.4) 0.0001 0.994

Current use 131 (9.9) 74 (11.9) 57 (8.2) 3.8 0.051

Cigarette use

Ever use 485 (42.1) 250 (44.9) 235 (33.6) 1.64 0.201

Past year use 246 (19.6) 140 (22.4) 106 (17.3) 3.37 0.066

Current use 141 (10.8)* 91 (14.7) 50 (7.4) 12.67 <.001

Note. Percentages represent weighted percentages.
*p<.05 (χ2 values in results).

Barnett et al. BMC Public Health 2013, 13:302 Page 4 of 7
http://www.biomedcentral.com/1471-2458/13/302
first were more likely to be over 18 at first use (31.2% vs.
10.7%; χ 2 (1) = 21.86, p<.0001). There were no sex differ-
ences for respondents who reported trying hookah as their
first tobacco product.

Social setting
Among hookah smokers, the majority (73%) reported only
smoking with friends/others and an additional 22%
reported usually smoking with friends/others. Only 4%
reported usually smoking alone while no one reported
only smoking when alone. With regard to location,
nearly all (90.2%) reported smoking in a restaurant/
café/bar; 85.4% reported also smoking in a friend’s
home/apartment; 51.4% reported smoking in their own
home/apartment or dormitory; and 7.3% reported smo-
king in their parents’ home/apartment.

Hookah use predictors
Regarding dual use, for current cigarette users 38.2% were
also current hookah users and slightly fewer current hoo-
kah users (35.2%) also reported current cigarette use.
Among current hookah users more than one-quarter
(28.8%) reported never having smoked a cigarette.

Ever use
Compared to the reference group of African American/
black participants, those who identified as Hispanic were
Table 3 Prevalence of use of hookah and cigarettes by race/e

White N (%) Hispanic N (%) Black

Hookah use

Ever use 305 (53.5) 123 (55.7) 32 (1

Past year use 196 (32.6) 95 (41.9) 18 (1

Current use 61 (10.4) 44 (18.9) 5 (3

Cigarette use

Ever use 265 (47.2) 109 (50.0) 30 (1

Past year use 132 (22.9) 62 (27.8) 9 (6

Current use 69 (12.0) 38 (16.4) 6 (3

Note. Percentages represent weighted percentages.
5.5 times (CI 3.1,10.0) more likely to report ever using hoo-
kah. White participants were also 5.0 times (CI 3.0,8.5)
more likely than blacks, and Asian students were 2.4 times
(CI 1.2,4.6) more likely to report ever using hookah. In
model 2, those who reported ever using cigarettes were
15.7 times (CI 1.6,21.3) more likely to also report ever using
hookah. With ever use of cigarettes in the model, Hispanics
were 3.9 times (CI 1.9,7.8) more likely than blacks, and
white participants were also 3.9 times (CI 2.1,7.2) more
likely to ever use hookah. Additionally, when adjusted for
ever cigarette use, younger students were more likely to re-
port ever using hookah (AOR 0.9; CI 0.8,0.95).
Past year use
As participants increased in age, they were 0.8 times (CI
0.798,0.9) as likely to report using hookah in the past year.
Hispanic participants were 6.9 times (CI 3.3,14.1) more
likely to report past year use and whites were 4.7 times (CI
2.4,9.2) more likely to use than black participants. Past year
cigarette users (model 2) were 11.2 times (CI 7.9,15.9)
more likely to report past year hookah use. The addition of
past year cigarette use to the model did not change the
demographic predictors, younger students were more likely
to report past year hookah use (AOR 0.8, CI 0.75,0.87).
Also, Hispanics were 4.9 times (CI 2.3,10.7) more likely to
use hookah in the past year than black participants. White
thnicity

N (%) Asian N (%) Other N (%) χ2 (4) p

8.4) 57 (35.3) 29 (27.7) 31.86 <0.001

0.4) 31 (19.3) 21 (10.8) 56.32 <0.001

.4) 12 (7.5) 9 (3.6) 32.56 <0.001

8.8) 58 (35.4) 23 (28.1) 19.13 <0.001

.3) 30 (16.9) 13 (4.9) 54.18 <0.001

.5) 16 (8.7) 12 (4.6) 23.94 <0.001
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participants were 3.5 times (CI 1.7,7.1) more likely to use
hookah in the past year.

Current use
As participants increased in age, they were 0.9 times (CI
0.8,0.94) as likely to report hookah use in the past 30 days.
Hispanic participants were 6.9 times (CI 2.2,22.1) more
likely and white participants were 3.5 times (CI 1.1,10.7)
to report current hookah use compared to black partici-
pants. In model 2, current cigarette users were 6.6 times
(CI 4.2,10.4) more likely to report current hookah use.
Younger participants were also more likely to report
current hookah use (AOR 0.8; CI 0.75,0.9). When current
cigarette use was included in the model, only Hispanic
respondents were 5.5 times (CI 1.7,18.2) more likely to
also report hookah use compared to black participants
Table 4.

Discussion
During a time in which efforts and resources are devoted
to reducing tobacco use, some decreases in cigarette
smoking may be replaced by alternative tobacco pro-
ducts, such as hookah. At the University of Florida, hoo-
kah use has surpassed cigarette use for ever and past year
use; while current use rates for both hookah and ciga-
rettes are around 10%.

Prevalence
Other studies [3,4,7,8] have reported similar rates of hoo-
kah use, but hookah smoking lagged behind cigarette
smoking in those studies. The overall prevalence for ever
use (46.4%), past year (28.4%), and current use (9.9%) are
similar to those reported for a University sample in 2008
Table 4 Predicted odds (AOR) of hookah use by demographic

Ever use hookah

AOR (CI)

Model 1 Model 2

Hookah use predictors

Age 1.0 (0.95,1.1) 0.9 (0.8,0.95)* 0

Race/Ethnicity

Hispanic 5.5 (3.1,10.0)* 3.9 (1.9,7.8)*

White 5.0 (3.0,8.5)* 3.9 (2.1,7.2)*

Asian 2.4 (1.2,4.6)* 1.9 (0.9,4.0)

Other 1.6 (0.9,3.1) 1.8 (0.8,3.8)

African American/Black ref ref

Sex

Male 1.1 (0.9,1.4) 1.0 (0.8,1.3)

Female ref ref

Reported cigarette use^ 15.7 (11.6,21.3)*

*indicate significant predictor.
^Reported in same time frame as hookah.
by Primack et al. [3], who reported ever use at 40.5%, past
year use of 30.6% and current use of 9.5%. Grekin and
Ayna [2], however, found much lower rates in a university
sample with only 15% ever use and 12.4% past year use
(this study did not report current use). Eissenberg et al. [4]
reported higher rates (ever 48.4%, past year 43.4%, and
current 20%) in their college study of Introduction to
Psychology students. However, the cigarette rates from the
same sample [4] were significantly higher than their hoo-
kah rates and they were higher than the national averages
for cigarette use with ever cigarette use at 73%, past year
use at 57.7% and current cigarette use at 41.5%. Finally, in
a sample of eight universities, Sutfin et al. [7] also reported
similar ever use prevalence of 40.3%, but a much higher
current use of 17.4%. All of these studies indicate popular-
ity of hookah, while the current study shows it may even
be more popular than cigarettes.
Though prior studies [1-5,8] found higher rates of hoo-

kah use among males, in the present study females and
males reported similar rates of hookah use. This finding
held even when covariates were added into a logistic re-
gression model to predict hookah use, controlling for age
and race differences. Similar trends were found for ciga-
rette use. Again, prior research indicated higher prevalence
of cigarette use for males [8,11] across all levels of use,
while this study found no sex differences in cigarette smo-
king rates for ever or past year use, although males sur-
passed females for current smoking. This is a potential
trend to monitor, or there may be something unique with
this sample given the high rates of hookah use for females
as well.
The racial differences in both cigarette and hookah use

in our sample also appeared different from past studies.
s (first) and demographics plus cigarette use

Past year use hookah Current use hookah

AOR (CI) AOR (CI)

Model 1 Model 2 Model 1 Model 2

.8 (0.798,0.9)* 0.8 (0.75,0.87)* 0.9 (0.8,0.94)* 0.8 (0.75,0.9)*

6.9 (3.3,14.1)* 4.9 (2.3,10.7)* 6.9 (2.2,22.1)* 5.5 (1.7,18.2)*

4.7 (2.4,9.2)* 3.5 (1.7,7.1)* 3.5 (1.1,10.7)* 3.0 (0.9,9.2)

2.2 (0.9,4.9) 1.6 (0.7,3.9) 2.3 (0.6,8.5) 2.0 (0.5,7.9)

1.5 (0.6,3.5) 1.7 (0.7,4.2) 1.3 (0.3,5.6) 1.4 (0.3,6.0)

ref ref ref ref

1.1 (0.8,1.4) 0.9 (0.7,1.2) 1.7 (1.1,2.4)* 1.4 (0.9,2.0)

ref ref ref ref

11.2 (7.9,15.9)* 6.6 (4.2,10.4)*
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We found that all levels of hookah and cigarette use (ever,
past year, and current use) were most prevalent among
Hispanics, followed by whites, Asians, then other. Past
research on both adolescent [14] and college samples [15]
indicated the highest tobacco prevalence among non-
Hispanic whites, followed by Hispanics and lastly African
Americans. Similar to the sex differences found in the
current study, the higher hookah and cigarette use preva-
lence among Hispanic participants could be a reflection of
this university sample which draws heavily upon students
from the Miami area. Although many studies are only able
to statistically assess white vs. other race (combining mi-
nority respondents), hookah use is typically reported more
often for whites [4,5,8,16]. Sutfin et al. [7] found no differ-
ence between white and Hispanic hookah prevalence in
their sample. These inconsistent trends need to be further
assessed in future studies, with enough sampling of minor-
ities to provide detailed information.

Age
Hookah use was more likely to be reported by younger stu-
dents. This pattern is also seen in research by Primack
et al. [3]. In the present study, current and past year users
were found to be younger compared to those who reported
not using in the past month or year. The fact that indivi-
duals only need to be 18 years of age to enter the relatively
large number of hookah venues available in this university
town may be influential in this regard.
Age at first use findings indicated differences between

cigarette and hookah users as well. Participants who
reported trying cigarettes as their first tobacco product
were more likely to be under age 18 at first use, while those
who reported trying hookah first were more likely to be
over age 18 at first use. While tobacco can be purchased
and used at age 18 legally, this pattern is of concern as
traditionally it was thought that not trying tobacco pro-
ducts by the age of 18 reduced the odds that a young adult
would ever become a tobacco user [17]. The pattern of
hookah use and its acceptability among these novice users
may change the rates of multiple tobacco products used
later into young adulthood. Cigarette users were also highly
predictive of hookah use, indicating that many young
adults already using cigarettes are now using at least two
forms of tobacco.

Social setting
Hookah smoking is a social activity for many adolescent
and young adult users. This fact held true in the current
study in which the overwhelming majority reported using
hookah while with others, which is supportive of pre-
vious research regarding the situation in which respon-
dents use hookah [18]. Also supportive of past research
[16,18], participants from the current sample indicated
cafes/restaurants/bars were the most common place to
use hookah, followed by at friends’ houses, further sup-
porting the social nature of this form of tobacco use.

Predictors of hookah use
There is concern that concurrent tobacco product use
might potentially multiply tobacco’s deleterious effects. In
this study, 35% of current hookah users also were current
cigarette smokers as compared with the 55% found in
other recent research [7]. Sterling and Mermelstein [1]
reported that adolescent current cigarette users also report
a high prevalence of hookah use, and trying cigarettes is as-
sociated with using a variety of other tobacco products. In
this study, cigarette use was highly predictive of hookah
used in the same time frame, even after controlling for
demographic characteristics. Surveillance systems need to
continue to monitor all tobacco products, including adding
hookah and other alternative forms to studies on adoles-
cent cigarette use, to understand the role certain tobacco
products play in influencing multiple forms of tobacco use.
While the relationship between cigarette and hookah

use is of concern, it is also important to note that of the
hookah users, 65% reported not being current cigarette
users. Over one-fourth (28.8%) of current hookah users
reported never having tried a cigarette. This is particu-
larly interesting as it indicates that a substantial number
of the participants may have been nicotine naïve had it
not been for hookah. Multiple interventions are needed
to target dual users, but interventions also need to target
the potential myths adopted by hookah users regarding
its relative safety, even if they understand the risks in
cigarette smoking [5].

Acceptance and availability
Sutfin et al. [7] demonstrated that the number of hookah
venues in a geographical area was related to hookah
smoking prevalence, which potentially holds true for this
study as well. At the time of data collection, the commu-
nity surrounding the University of Florida had seven
establishments that offered hookah smoking as part
business. While there is no comparison community in-
cluded in this study, college towns appear to be a major
target market areas for hookah venues. For example,
Primack et al. [19] reported four hookah venues opening
within five miles of Carnegie Mellon University and the
University of Pittsburgh. Primack et al. [20] also mapped
the concentration of 144 U.S. hookah establishments that
advertised on the internet. They found that while those
establishments were located in all regions of the country,
the heaviest concentrations per population were in 11
states, including Florida. Smith et al. [16] reported that
adolescents first learned about hookah from friends
(50.3%) but also from seeing a hookah lounge (20.9%).
The availability and acceptance of this social arena to
share tobacco smoking is one possible explanation for
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the dramatic increase in prevalence observed among ad-
olescents and young adults.

Limitations
The intercept sampling method remains a form of con-
venience sampling; however, every 10th student was
approached in the effort to reduce systematic bias. Ad-
ditionally, the data were then weighted to the registrar’s
list of currently enrolled students in the same academic
semester to further create a more representative sample
of the general student population. The prevalence results
presented here are also only representative of one uni-
versity in the southeast region of the United States. In
general, the prevalence and patterns of tobacco use vary
by locale. Similarly, states differ on policy restrictions for
tobacco use in work places, public spaces, restaurants,
and bars. However, the present information is helpful for
understanding the use of traditional and emerging to-
bacco products at a major U.S. university.

Conclusions
Hookah smoking remains a threat to adolescent and young
adult populations as its popularity continues to grow, pri-
marily due to widespread availability [7] and lack of restric-
tions on establishments [21]. In this university town, the
availability of hookah is high enough to provide the first
known study in which ever use and past year use of hookah
surpassed that of cigarette smoking in a U.S. university stu-
dent population. The prevalence rate for current use of cig-
arettes and hookah was close and if the availability remains
high, hookah may surpass cigarettes in current use as well.
This trend not only needs continuous monitoring, but ad-
dressing hookah in efforts to reduce cigarette use is
warranted. Examples include policy-level restrictions on
availability and individual educational efforts for both ado-
lescents and young adults regarding hookah. If openness to
hookah leads to more cigarette acceptability, as has been
seen in the past with cigar users [22], the tobacco use by
adolescents and young adults in the U.S. is poised to in-
crease, perhaps at dramatic rates.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TB led the conceptualization and design of the project; TS contributed to the
compilation of the current scientific research; YH conducted much of the analysis;
EKS contributed to interpretation of data and linking back to the current research;
BAC conducted critical reviews at every stage of the project from acquiring grant
funding to the final manuscript; SLT also provided critical revision of the final
content; CM led the acquisition of data and contributed significantly to the data
collection method. All authors read and approved the final manuscript.

Author details
1Department of Behavioral Science and Community Health, University of
Florida, 1225 Center Drive, Gainesville, FL 32611, USA. 2Department of
Biostatistics, University of Florida, 22 Buckman Dr, Dauer Hall, Gainesville, FL
32611, USA. 3Department of Community Dentistry & Behavioral Science,
University of Florida, 1329 SW 16th Street, Gainesville, FL 32608, USA. 4Bureau
of Economic and Business Research, University of Florida, 221 Matherly Hall,
Gainesville, FL 32611, USA.

Received: 1 October 2012 Accepted: 2 April 2013
Published: 5 April 2013

References
1. Sterling KL, Mermelstein R: Examining hookah smoking among a cohort

of adolescent ever smokers. Nicotine Tobacco Res 2011, 13:1202–1209.
2. Grekin ER, Ayna D: Argileh use among college students in the United

States: an emerging trend. J Stud Alcohol Drugs 2008, 69:472–474.
3. Primack BA, Sidani J, Shadel W, Eissenberg T: Prevalence of and

associations with waterpipe tobacco smoking among U.S. university
students. Ann Behav Med 2008, 36:81–86.

4. Eissenberg T, Ward K, Smith-Simone S, Maziak W: Waterpipe tobacco
smoking on a U.S. college campus: prevalence and correlates.
J Adolescent Health 2008, 42:526–529.

5. Smith-Simone S, Maziak W, Ward KD, Eissenberg T: Waterpipe tobacco
smoking: knowledge, attitudes, beliefs, and behavior in two U.S.
samples. Nicotine Tobacco Res 2008, 10:393–398.

6. Barnett TE, Curbow BA, Weitz JR, Johnson TM, Smith-Simone SY: Water pipe
tobacco smoking among middle and high school students. Am J Public
Health 2009, 99:2014–2019.

7. Sutfin E, McCoy T, Reboussin B, Wagoner K, Spangler J, Wolfson M:
Prevalence and correlates of waterpipe tobacco smoking by college
students in North Carolina. Drug Alcohol Depen 2011, 115:131–136.

8. Primack BA, Fertman C, Rice K, Adachi-Mejia A, Fine M: Waterpipe and
cigarette smoking among college athletes in the United States.
J Adolescent Health 2010, 46:45–51.

9. Barnett TE, Curbow BA, Soule EK, Tomar SL, Thombs DL: Carbon monoxide
levels among patrons of hookah cafes. Am J Prev Med 2011, 40:324–328.

10. Abuse S, Administration MHS: Results from the 2009 national survey on drug
use and health: volume I. Rockville, MD: Summary of national findings; 2010.

11. Centers for Disease Control (CDC): Vital signs: current cigarette smoking among
adults aged ≥ 18 years, United States, 2005 – 2010. MMWR 2011, 60:1207–1212.

12. Kilmer G, Roberts H, Hughes E, Li Y, Valluru B, Fan A, Giles W, Mokdad A,
Jiles R: Surveillance of certain health behaviors and conditions among states
and selected local areas – Behavioral Risk Factor Surveillance System
(BRFSS), United States, 2006. MMWR Surveill Summ 2006, 57(Suppl 7):1–188.

13. Centers for Disease Control (CDC): Drop in cigarette consumption offset by
increases in other forms of smoked tobacco. [www.cdc.gov/media/releases/
2012/p0802_tobacco_consumption.html].

14. Florida Youth & Tobacco Survey (FYTS): 2011 [http://www.doh.state.fl.us/
disease_ctrl/epi/ Chronic_Disease/FYTS/intro.htm].

15. Wechsler H, Rigotti NA, Gledhill-Hoyt J, Lee H: Increased levels of cigarette
use among college students, a cause for national concern. JAMA 1998,
280:1673–1678.

16. Smith JR, Novotny TE, Edland SD, Hofstetter CR, Lindsay SP, Al-Delaimy WK:
Determinants of hookah use among high school students. Nicotine
Tobacco Res 2011, 13:565–572.

17. US Department of Health and Human Services: How tobacco smoke causes
disease: the biology and behavioral basis for smoking-attributable disease: a
report of the Surgeon General. Atlanta, GA: United States. Public Health
Service, Office on Smoking and Health; 1994.

18. Ward KD, Eissenberg T, Gray JN, Srinivas V, Wilson N, Maziak W:
Characteristics of U.S. waterpipe users: a preliminary report. Nicotine
Tobacco Res 2007, 9:1339–1346.

19. Primack BA, Aronson JD, Agarwal AA: An old custom, a new threat to
tobacco control. Am J Public Health 2006, 96:1339.

20. Primack BA, Rice KR, Shensa A, Carroll MV, DePenna EJ, Nakkash R, Barnett
TE: U.S. hookah tobacco smoking establishments advertised on the
internet. Am J Prev Med 2012, 42:150–156.

21. Noonan D: Exemptions for hookah bars in clean indoor air legislation: a
public health concern. Public Health Nurs 2010, 27(1):49–53.

22. Soldz S, Huyser DJ, Dorsey E: Youth preferences for cigar brands: rates of
use and characteristics of users. Tob Control 2003, 12:155–160.

doi:10.1186/1471-2458-13-302
Cite this article as: Barnett et al.: Evidence of emerging hookah use
among university students: a cross-sectional comparison between
hookah and cigarette use. BMC Public Health 2013 13:302.

http://www.cdc.gov/media/releases/2012/p0802_tobacco_consumption.html
http://www.cdc.gov/media/releases/2012/p0802_tobacco_consumption.html
http://www.doh.state.fl.us/disease_ctrl/epi Chronic_Disease/FYTS/intro.htm
http://www.doh.state.fl.us/disease_ctrl/epi Chronic_Disease/FYTS/intro.htm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Sample
	Procedure
	Survey instrument and measures
	Data analysis

	Results
	Prevalence
	Age at first use
	Social setting
	Hookah use predictors
	Ever use
	Past year use
	Current use


	Discussion
	Prevalence
	Age
	Social setting
	Predictors of hookah use
	Acceptance and availability
	Limitations

	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


