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Abstract

Introduction

Hookah tobacco smoking is increasing among US
college students, including those who would not
otherwise use tobacco. Part of hookah’s appeal is
attributed to the perception that hookah is less
harmful than cigarettes. The aims of this study
were to assess knowledge of harmful exposures
associated with hookah smoking relative to
cigarette smoking and to determine associations
between this knowledge and hookah smoking
outcomes. Students (N =852) at the University
of Florida were randomly sampled via e-mail to
obtain information on demographics, hookah
smoking behavior and knowledge of five expo-
sures (e.g. tar and nicotine). Multivariable logis-
tic regression models assessed independent
associations between knowledge and hookah
smoking outcomes. Of the five factual knowledge
items asked, 475 (55.8%) of the respondents
answered none correctly. In multivariable
models, correct responses to any knowledge
items were not associated with lower odds of
hookah smoking or susceptibility to hookah
smoking in the future. Although college students
are largely unaware of the toxicant exposures
associated with hookah smoking, there is little
association between knowledge and hookah
smoking behavior.

A hookah (also known as a waterpipe or narghile) is
an apparatus increasingly used among adolescents
and young adults in the United States to smoke
tobacco. Convenience and random samples of col-
lege students indicate 20-40% ever use and 5-20%
current use (past 30 days’ use) of hookah to smoke
tobacco [1-4]. Moreover, whereas cigarette
smoking often decreases during the course of
college [5], hookah use may actually increase
during the same time period [6]. Hookah use is
also increasing among secondary school students.
Barnett et al. [7] reported that 17% of a state-wide
sample of Florida adolescents had ever smoked
tobacco from a hookah, with similar results among
secondary school students in Arizona and California
[8, 9].

Many hookah tobacco smokers perceive hookah
smoking as having a low potential for harm and
addictiveness [3, 4, 10, 11], yet studies suggest
that it exposes the user to high levels of toxicants
and carcinogens. In fact, the World Health
Organization [12] reports that one hookah tobacco
smoking session exposes the user to about 100 times
the smoke volume of a single cigarette. Other
research confirms that, compared with a single cig-
arette, one hookah session is associated with sub-
stantially more exposure to tar, nicotine, carbon
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monoxide and heavy metals [13—16]. These findings
are not ambiguous; for example, it is estimated that,
compared with a single cigarette, a hookah smoking
session contains about 40 times the tar [15, 16].

Many individuals who smoke hookah tobacco are
otherwise not exposed to combustion products of
tobacco. For example, between 30% and 50% of
college-aged hookah tobacco smokers do not also
use cigarettes [17—19]. Although the precise nature
of the relationship between cigarette and hookah
smoking remains unknown, it is possible that those
who find hookah smoking to be pleasant and social
may eventually try cigarettes as well. Moreover, be-
cause hookah tobacco smoke contains nicotine,
which is addictive, hookah smoking may lead to
increased use of cigarettes or other tobacco
products.

One reason for the popularity of hookah smoking,
even among populations that do not otherwise
use tobacco, may be the lack of knowledge of toxi-
cant exposures associated with the practice. For
example, Primack et al. [3] surveyed a random
sample of 647 college students and found that, in
fully adjusted multivariable models, 1-year water-
pipe smoking was associated with low perceived
harm [odds ratio (OR)=2.5, 95% confidence
interval (95% CI) 1.7-3.8] and addictiveness
(OR=4.6, 95% CI 3.0-7.1) compared with cigar-
ette smoking. Consistent with the health belief
model linking knowledge with behavior [20], these
data suggest that educational interventions designed
to increase knowledge regarding hookah tobacco
smoking may be valuable in reducing hookah to-
bacco smoking.

However, no study to date has directly assessed
knowledge related to specific exposures associated
with hookah tobacco smoking (e.g. tar, nicotine and
carbon monoxide) and how this knowledge is
related to hookah tobacco smoking behavior. The
aims of this study were (i) to assess knowledge of
specific toxicant exposures associated with hookah
tobacco smoking among US college students and
(ii) to determine the independent associations
between this knowledge and hookah tobacco
smoking outcomes (i.e. current use and susceptibil-
ity to future use). For the second aim, our a priori

hypotheses based on the health behavior model
were that correct identification of one hookah
tobacco smoking session as containing more tar
[Hypothesis 1a (H1a)], nicotine (H1b), carcinogens
(Hlc), carbon monoxide (H1d) and heavy metals
(Hle) compared with a single cigarette would be
associated with lower odds for current hookah
smoking and lower odds for susceptibility to
hookah smoking in the future (H2a—e, respectively,
for each toxicant exposure). We additionally
hypothesized that an increase in an individual’s
overall summary knowledge of toxicant exposures
associated with one hookah tobacco smoking ses-
sion, compared with a single cigarette, would be
associated with significantly lower odds for current
use of hookah tobacco (H1f) and susceptibility to
hookah tobacco use in the future (H2f).

Methods

Participants and procedures

We obtained from the registrar of the University of
Florida, a random sample of 2400 e-mail addresses
for first- and second-year undergraduate and gradu-
ate students for the 2010-11 school year. First- and
second-year undergraduate and graduate students
were the focus of this study, as previous studies
[1, 3] have shown that it is these populations, enter-
ing a new environment, who are most susceptible to
the uptake of new activities, such as hookah tobacco
smoking. In September 2010, we invited all of these
individuals to participate in an online study fora $10
Amazon.com gift card. Of the 2339 individuals who
received the invitation (61 e-mails were returned),
852 (36%) responded to the survey. The study pro-
cedures were IRB-approved by both the University
of Florida and the University of Pittsburgh. To our
knowledge, these participants were not exposed to
any previous hookah smoking prevention initiatives
or education campaigns

Measures

We assessed respondents’ demographics, hookah to-
bacco smoking behavior, susceptibility to hookah
use, and knowledge of toxicant exposure.
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Demographics

Demographic items assessed age, sex, race, enroll-
ment status (undergraduate versus graduate), and
residence type (on-campus versus off-campus).

Hookah tobacco smoking

Before the items assessing hookah tobacco use, the
survey contained these instructions in bold type:
‘The following questions ask about smoking to-
bacco from a hookah (also known as a water-pipe
or narghile). These questions only ask about smok-
ing tobacco, not marijuana’. The first item then
asked, ‘Have you ever smoked tobacco from a
hookah, even a puff?” with yes or no responses.
Those who responded ‘yes’ then received the ques-
tion, ‘Have you smoked tobacco from a hookah in
the past year, even a puff ?° with yes or no responses.
Finally, those who responded ‘yes’ to this item were
asked, “Within the past 30 days, on how many days
did you smoke tobacco from a hookah?’ Response
choices were none; 1-2 days; 3-5 days; 6-10 days;
11-20 days and 21-30 days. Our primary outcome
was current smoking of hookah tobacco, defined as
having smoked at least 1 day in the past 30 days. We
used similar items to assess cigarette smoking ever,
in the past year, and in the past 30 days.

Susceptibility to hookah tobacco

We assessed our secondary outcome, susceptibility
to hookah tobacco use, using the item, ‘Do you
intend to smoke tobacco from a hookah sometime
in the rest of your life?” with response categories of
definitely yes; probably yes; probably no and defin-
itely no. We created a dichotomous variable defin-
ing participants as ‘not susceptible’ if they indicated
‘definitely no’ and ‘susceptible’ if they marked any
other response. Similar measures of susceptibility
have been validated for cigarette smoking and are
commonly utilized in the literature [21, 22].

Knowledge about hookah tobacco use

In order to assess knowledge, participants were first
instructed to ‘Please answer the following questions
to the best of your knowledge. In this question, we’d

like you to compare smoking a single cigarette with
a single hookah tobacco session’. This was followed
by five items, such as ‘Which has more tar?’ and
‘Which has more nicotine?’ All items are shown in
Table II. For each term, Likert-type responses
included definitely cigarette; probably cigarette;
don’t know; probably hookah and definitely
hookah. For each of these questions, the correct
answer is hookah, based upon established research
[13-16]. Therefore, we counted each individual’s
response as correct if he or she indicated ‘probably
hookah’ or ‘definitely hookah’ and as incorrect if he
or she indicated ‘probably cigarette’ or ‘definitely
cigarette’. A response of ‘don’t know’ was categor-
ized separately. We developed a summary know-
ledge score equal to the number of correct
responses that individual had out of five.

Methods of analysis

We described demographics of the respondent
sample by computing overall counts and percent-
ages. We then summarized demographic data ac-
cording to our primary and secondary outcome
measures. For the secondary outcome, we only
included non-smokers, because the concept of sus-
ceptibility has been validated and is generally uti-
lized among non-users [21, 22]. We assessed
statistical significance for these bivariable analyses
using chi-square tests. We computed internal reli-
ability of the five knowledge items using
Cronbach’s o [23].

We used multivariable logistic regression models
to assess independent associations between each of
our individual knowledge items and current hookah
smoking (Hla—e) and susceptibility to hookah in the
future (H2a—e). We used similar models to deter-
mine independent associations between the sum-
mary score and current hookah smoking (H1f) and
susceptibility to hookah use in the future (H2f). All
multivariable models controlled for all measured
covariates. Although not all covariates were asso-
ciated with outcomes in bivariable analyses, we had
determined a priori to include all covariates in ana-
lyses. For each multivariable model, we conducted
additional analyses to test interaction terms between
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the independent variable and each of the sociodemo-
graphic covariates. Statistical analyses were
performed with Stata 11.1 (Stata Corp, College
Station, TX, USA), and two-tailed P-values <0.05
were considered to be significant.

Results

Compared with the 2400 survey recipients, the 852
respondents were younger (20.6 years versus 21.1
years, P =0.04), more commonly female (47% ver-
sus 40%, P <0.001) and more commonly white
(71% versus 59%, P < 0.001). As a group, respond-
ents were more often aged <20 years (67%), male
(53%) and white (71%). About three-fourths (76%)
were undergraduate students and most students
(62%) lived off-campus (Table I).

Overall, 331 (39%) of survey respondents had
ever smoked hookah tobacco, 283 (28%) had done
so within the past year and 116 (14%) were current
hookah tobacco smokers. Cigarette smoking, which
was less prevalent than hookah smoking, was re-
ported by 288 (34%) ever, 182 (21%) in the past
year and 88 (10%) in the past 30 days. However,
among current hookah users, hookah smoking was
less frequent than cigarette smoking: mean hookah
smoking frequency was 3-5 times per month,
whereas mean cigarette smoking frequency was 6—
10 times per month.

Among the 725 non-hookah smokers for whom
susceptibility data were available, 369 (51%) were
defined as susceptible to hookah tobacco smoking in
the future.

In bivariable analyses, current hookah tobacco
smoking was associated with younger age
(P=0.004) and undergraduate student status
(P=0.007). Although susceptibility to hookah
tobacco use was not significantly different among
individuals of various demographic backgrounds,
there was a non-significant trend toward higher sus-
ceptibility among older students (P = 0.06, Table I).

In bivariable analyses, the summary score was not
significantly associated with current use (P =0.65)
or susceptibility to use (P =0.15). Of the five factual
knowledge items, students answered a mean of

1.0 (SD=1.4) correctly. More than half (55.8%)
of the survey population answered no items cor-
rectly (Table II). There was, however, a significant
association between a ‘don’t know’ response to vari-
ous individual knowledge items and both current
hookah tobacco use and susceptibility to hookah
tobacco use (P=0.02 to >0.001, Table II).
Cronbach’s o for the five item scale was 0.80.

In multivariable models, there were no significant
associations established between correct or incorrect
answers and current hookah tobacco use or suscep-
tibility to hookah tobacco use. Overall knowledge
was not associated with current hookah tobacco use
(AOR =1.06, 95% CI 0.92—-1.22; Table III) or sus-
ceptibility to hookah tobacco use (AOR =0.94,
95% CI 0.85-1.05). There was, however, for all
knowledge items but tar, an association between a
‘don’t know’ response and hookah tobacco smoking
behavior. Admission by survey participant that he or
she did not know the answer to a knowledge item
was associated with a significantly lower adjusted
OR of current hookah tobacco use for nicotine, car-
cinogens and carbon monoxide (AOR =0.34, 95%
CI 0.17-0.68, AOR =0.43, 95% CI 0.25-0.75 and
AOR =0.5095% CI 0.31-0.82, respectively) and a
significantly lower adjusted OR of susceptibility to
hookah tobacco use in the future for nicotine, car-
cinogens and heavy metals (AOR =0.49, 95% CI
0.34-0.72, AOR=0.58, 95% CI 0.41-0.82 and
AOR =0.69, 95% CI 0.49-0.97, respectively).

Although we tested interaction terms between the
independent variable and each of the sociodemo-
graphic covariates for each multivariable model,
no significant interaction terms were noted.

Discussion

We found a substantial knowledge gap among a
random sample of college students: the vast majority
of individuals were unaware of the toxin load
associated with hookah tobacco smoking. The
sizable lack of knowledge of hookah toxicant
exposures identified in this study is consistent with
results from other studies, which have shown that
most individuals view hookah tobacco smoking as
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Table 1. Respondent demographic characteristics by hookah tobacco smoking outcomes

Current hookah tobacco user”

Whole sample®

N=2852 [%
(N=852 [%]) ( %D

Susceptibility to hookah tobacco use®
(n=725% [%])

Yes* No* Yes® No?*
Characteristic (n=116) (n="736) P-value® (n=369) (n=356) P-value®
Age (years) 0.004 0.06
18 37 39 36 33 40
19 30 40 29 32 26
20 6 8 6 7 4
>21 27 14 29 28 30
Sex 0.29 0.84
Female 47 42 47 48 48
Male 53 58 53 52 52
Race 0.65 0.28
White 71 75 70 73 67
Black 9 5 9 9 10
Asian/Pacific Islander 13 12 13 12 15
Other 7 8 7 7 7
Enrollment status 0.007 0.55
Undergraduate 76 86 75 75 73
Graduate 24 14 25 25 27
Residence 0.12 0.75
On-campus 38 44 37 36 37
Off-campus 62 56 63 64 63

“Represent column percentages. Percentages are based on the total for each category and may not total 100 due to rounding.
PHaving smoked tobacco from a hookah in the last 30 days at least once.

“All participants who did not state that they were definitely not planning on smoking hookah tobacco in the future.

9Only hookah non-smokers were included in these analyses. The total n =725 instead of 736 because 11 non-smokers had missing

data for the susceptibility item.
For chi-square analyses.

less harmful or less addictive than -cigarettes
[3, 4,10, 11].

However, we also found that there was little as-
sociation between correct or incorrect knowledge
and hookah tobacco smoking outcomes, contrary
to what was predicted based on the health belief
model. Correct identification of one hookah tobacco
smoking session as containing more tar, nicotine,
carcinogens, carbon monoxide and heavy metals
compared with a single cigarette was not associated
with lower odds for current hookah smoking
(Hla—e, respectively, for each toxicant exposure)
or lower odds for susceptibility to hookah smoking
in the future (H2a—e). Additionally, there was no
significant association between summary knowledge
and current hookah tobacco smoking (HIf) or sus-
ceptibility to hookah tobacco use in the future (H2f).

Although this study did not demonstrate a link
between knowledge and hookah tobacco use, previ-
ous studies have found that active hookah users are
more likely than non-hookah users to perceive
hookah smoking as less harmful or less addictive
than cigarettes [3, 11, 24]. This apparent discrep-
ancy between findings regarding knowledge
and perceptions may stem from the fact that, for
an individual, general knowledge does not necessar-
ily translate into a belief that one is personally
at higher risk [25]. People may tend to underesti-
mate the risks to their own health; for example,
previous research has shown that cigarette smokers
tend to be overly optimistic about their personal risk
of illness even when knowledgeable of the actual
risks [26, 27]. These results suggest that, while
our study demonstrates a definite knowledge gap,
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Table II. Individualized and summary knowledge items by hookah tobacco smoking outcomes

. Current Hookah tobacco user®
Whole sample (N=852 [%])

(N=852 [%])

Susceptibility to hookah tobacco use®
(n=725" [%])

Yes® No* Yes® No*
Knowledge item (n=116) (n=1736) P-value® (n=369) (n=356) P-value®
Which has more tar? 0.01 0.10
Incorrect 53 53 53 56 48
Correct 21 30 19 19 21
Don’t know 27 17 28 25 31
Which has more nicotine? 0.001 >0.001
Incorrect 64 77 62 69 54
Correct 14 14 14 14 15
Don’t know 22 9 24 18 31
Which has more carcinogens? 0.01 0.004
Incorrect 56 67 55 60 49
Correct 15 16 15 15 16
Don’t know 28 16 30 25 35
‘Which has more carbon monoxide? 0.01 0.14
Incorrect 35 46 34 37 31
Correct 24 26 24 25 23
Don’t know 40 29 42 38 45
Which has more heavy metals? 0.55 0.02
Incorrect 42 47 41 46 36
Correct 22 21 23 21 25
Don’t know 36 33 36 33 39
Summary score’ 0.65 0.15
0 56 51 57 57 56
1 18 17 18 16 19
2 12 16 11 14 9
3 7 9 7 7 8
4 3 4 3 2 3
5 4 4 5 4 5
Mean (SD) 1.07 (1.38) 0.95 (1.39) 0.80* 0.93 (1.34) 1.00 (1.45) 0.27¢

“Represent column percentages. Percentages are based on the total for each category and may not total 100 due to rounding.
PHaving smoked tobacco from a hookah in the last 30 days at least once.

All participants who did not state that they were definitely not planning on smoking hookah tobacco in the future.

40nly hookah non-smokers were included in these analyses. The total n =725 instead of 736 because 11 non-smokers had missing

data for the susceptibility item.

°For chi-square analyses.

"The number of items scored correct summed.
€Determined using r-test.

filling this knowledge gap may not have a significant
effect on hookah tobacco use and susceptibility.

It is possible that underestimation of risk could be
related to the fact that hookah smoking is relatively
intermittent in this population; current hookah
tobacco smokers only smoked an average of three
to five times in the past month. However, this pattern
is not very different from cigarette smoking in

college; in this sample, current cigarette users only
smoked an average of six to ten times in the past
month.

Interestingly, an answer of ‘don’t know’ to many
of the knowledge items was associated with signifi-
cantly ‘decreased’ odds of either current hookah
tobacco smoking or susceptibility to hookah tobacco
smoking. In the bivariable analysis, there was
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Table IIl. Bivariable and multivariable associations between individualized and summary knowledge items and hookah tobacco

smoking outcomes

Knowledge items

Current hookah tobacco user” (N = 852)

Susceptibility to hookah tobacco use® (1 =725

OR (95% CI)

AOR (95% CI¢

OR (95% CI)

AOR (95% CI)¢

‘Which has more tar?
Incorrect
Correct
Don’t know

‘Which has more nicotine?
Incorrect
Correct
Don’t know

Which has more carcinogens?
Incorrect
Correct
Don’t know

‘Which has more carbon monoxide?
Incorrect
Correct
Don’t know

Which has more heavy metals?
Incorrect
Correct
Don’t know

Summary score®

1.00
1.56 (1.00—2.47)
0.61 (0.36—1.04)

1.00
0.78 (0.44—1.39)
0.32 (0.16—0.60)

1.00
0.87 (0.51—1.51)
0.44 (0.26—0.75)

1.00
0.79 (0.48—1.28)
0.50 (0.31—0.79)

1.00

0.81 (0.48—1.36)
0.80 (0.51—1.25)
1.06 (0.92—1.21)

1.00
1.52 (0.95-2.44)
0.68 (0.39—1.19)

1.00
0.84 (0.46—1.50)
0.34 (0.17—0.68)

1.00
0.89 (0.51-1.56)
0.43 (0.25-0.75)

1.00
0.77 (0.47—1.27)
0.50 (0.31—0.82)

1.00

0.86 (0.51—1.46)
0.85 (0.54—1.36)
1.06 (0.92—1.22)

1.00
0.79 (0.53—1.16)
0.70 (0.50—1.00)

1.00
0.72 (0.47—-1.11)
0.46 (0.32—0.65)

1.00
0.78 (0.51-1.19)
0.57 (0.41-0.79)

1.00
091 (0.62—1.34)
0.72 (0.51-1.01)

1.00

0.65 (0.44-0.95)
0.65 (0.47—-0.91)
0.97 (0.87—1.08)

1.00
0.76 (0.51—1.14)
0.71 (0.50—1.02)

1.00
0.67 (0.43—1.05)
0.49 (0.34—0.72)

1.00
0.71 (0.46—1.10)
0.58 (0.41-0.82)

1.00
0.90 (0.60—1.33)
0.76 (0.54—1.09)

1.00
0.62 (0.42—0.93)
0.69 (0.49—0.97)
0.94 (0.85—1.05)

AOR, adjusted odds ratio. “Having smoked tobacco from a hookah in the last 30 days at least once.
PAll participants who did not state that they were definitely not planning on smoking hookah tobacco in the future.
“Only hookah non-smokers were included in these analyses. The total n =725 instead of 736 because 11 non-smokers had missing

data for the susceptibility item.

dAdjusted for age, gender, race/ethnicity, graduate student status and housing.
¢ The summary score was the number of items scored correct summed. Associated ORs represent the odds for each 1-point increase

in the 5-point scale.

an inconsistent trend among non-hookah smokers or
non-susceptible individuals to answer ‘don’t know’,
with both groups answering correctly a similar
amount. There was no significant difference in in-
correct answers between those engaging in hookah
tobacco smoking behavior and those abstaining
from hookah tobacco smoking behavior in multi-
variable analyses, however. The cross-sectional
design of this study limits our ability to establish
causal inferences. It is possible that those with ex-
posure to or interest in hookah tobacco might be
more confident, though not necessarily correct, in
their knowledge of hookah tobacco smoking,
making them less likely to respond ‘don’t know’.
It will be valuable to follow associations between

knowledge and hookah tobacco smoking outcomes
in longitudinal samples in order to determine the
directionality of these associations. Regardless, the
lack of an association between correct or incorrect
answers to knowledge items and hookah tobacco
smoking behavior suggests that increased know-
ledge does not act as a strong deterrent to hookah
tobacco smoking.

Given the lack of association between correct
knowledge and hookah smoking outcomes, it may
be valuable to utilize other theoretical frameworks,
in addition to the health belief model, to assist with
understanding mechanisms underlying hookah to-
bacco smoking. For example, the theory of reasoned
action, an often employed theory when describing
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youth tobacco use, predicts that more positive atti-
tudes toward and normative beliefs regarding a
behavior increases the likelihood of intending to
perform, and ultimately performing, a given behav-
ior [28]. Indeed, many more successful anti-
smoking interventions for cigarettes focus on
dispelling positive expectations adolescents have
for smoking, rather than emphasizing negative con-
sequences of tobacco use [29-31]. It may be bene-
ficial to explore associations between positive
attitudes and normative beliefs and hookah smoking
behavior in future studies.

Additionally, altering environmental factors, by
limiting hookah smoking in public places, may
prove successful in decreasing hookah tobacco
smoking rates. While clean air laws that ban cigar-
ette smoking in public places are proliferating
throughout the United States, few of these laws
ban hookah tobacco smoking [32]. Clean air laws
have shown success in lowering cigarette smoking,
both by limiting opportunities to smoke and by
changing attitudes toward smoking [33]. Aiming
anti-hookah tobacco smoking campaigns at counter-
ing positive attitudes toward hookah smoking and
altering public policy may prove more effective than
solely educating students about the risks.

Limitations

A potential limitation of this study is that the know-
ledge items we surveyed were limited to toxicant
content; other knowledge items, such as the actual
harm and addictiveness of hookah versus cigarettes,
were not assessed. However, although there is ample
evidence for the specific comparisons that we made
between hookah and cigarettes [13—16], no data
quantifying specific health risks and addictiveness
of hookah yet exist. It will be valuable to integrate
more specific biomedical information about the
harms of hookah tobacco smoking as this informa-
tion become available.

This study was also potentially limited in that our
e-mail survey had a response rate of 36%. However,
systematic reviews have demonstrated 36% is an
average response rate for this type of study
[34, 35]. A further limitation of this study is that

our respondents were more likely to be younger,
Caucasian and female; this bias is a known limita-
tion of this type of research, because previous sur-
veys of college students demonstrate that these
students are more likely to respond [36, 37]. This
may have artificially skewed the demographics of
our hookah tobacco user and hookah tobacco sus-
ceptible populations, however, it should not have
had an impact on the knowledge data, as these cov-
ariates were controlled for in the multivariable ana-
lyses. Additionally, the fact that this survey was
administered at only one college may limit our abil-
ity to generalize these findings. In the future, it
would be useful to repeat this survey to other US
college locations to ensure findings are reproducible
across the general population.

Conclusion

In conclusion, while there was a definite gap in col-
lege student’s knowledge of exposure to toxicants
associated with hookah tobacco smoking, there was
little association between such knowledge and
hookah tobacco smoking outcomes in our study.
Although educational interventions may ultimately
have value, our findings suggest that focusing solely
on improving knowledge related to toxicant expos-
ures may not substantially change important hookah
tobacco smoking behaviors. Instead, a multifaceted
approach that addresses attitudes and environmental
factors, in addition to knowledge, much like that
used to successfully address cigarette tobacco smok-
ing, may be more effective.
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