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Highlights

Public health relevance—How does this work relate to a public health issue?
• Hookah tobacco smoking remains a relevant youth and young adult public health issue 

because use is sustained by social patterns, product appeal, and persistent reduced-
harm beliefs.

• Misperceptions that hookah is safer than cigarettes may undermine prevention and 
cessation, especially when intermittent or social use is mistakenly viewed as low-risk.

Public health significance—Why is this work of significance to public health?
• This study shows that harm minimization is not uniform across health domains, with 

particularly low perceived harm among hookah smokers.
• Current hookah users rated hookah’s cardiovascular impact near neutrality, despite 

widespread recognition that cigarettes are harmful.
Public health implications—What are the key implications or messages for practitioners, 
policy makers and/or researchers in public health?
• Risk communication should directly address cardiovascular toxicity and correct the 

myth that water filtration meaningfully reduces hookah smoke exposure.
• Hookah should be treated as a distinct combustible tobacco exposure in warning labels, 

clinical screening, and tobacco control policies.

Abstract

Hookah (waterpipe) tobacco smoking remains common among young adults and is often 
perceived as less harmful than cigarettes, in part due to the misconception that water 
“filters” toxins. We examined the perceived short-term health effects of hookah versus 
cigarette smoking in a cross-sectional survey of 121 young adults (mean age 26 ± 5 years; 
45% women) in Southern California, including 75 exclusive hookah smokers, 10 dual 
hookah and cigarette smokers, and 36 non-smokers. Participants rated perceived effects on 
general, cardiovascular, and respiratory health on a scale from −10 (extremely harmful) 
to +10 (extremely healthy). Multivariable linear regression adjusted for sex, ethnicity, 
and education assessed group differences. Compared with exclusive hookah smokers, 
non-smokers rated hookah as significantly more harmful to general (β = −2.49, p < 0.05), 
cardiovascular (β = −3.49, p < 0.01), and respiratory health (β = −2.52, p < 0.05). A 
pronounced perception difference was observed for cardiovascular health, where exclusive 
hookah smokers rated hookah’s cardiovascular impact near neutral (adjusted mean −1.70), 
whereas non-users rated it as substantially harmful (−4.91). Perceptions of cigarette harm 
were negative across groups. Hookah smokers reported relatively low perceived harm 
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from hookah smoking, including cardiovascular harm, highlighting cardiovascular risk 
perceptions as a potential target for public health communication.

Keywords: hookah; waterpipe; risk perception; young adults

1. Introduction
Hookah (waterpipe) tobacco smoking is a combustible, ancient form of tobacco use 

that remains common among adolescents and young adults and is sustained by flavors, 
social use patterns, and widespread beliefs of reduced harm [1]. In the United States (U.S.), 
recent national surveillance continues to document hookah use among youth and young 
adults [2,3]. In 2025, 0.7% of middle and high school students reported current (past 
30 days) hookah use [4]. Among adults, nationally representative longitudinal data from 
2013 to 2021 showed that those aged 18–24 years had the highest prevalence of both ever 
and current hookah use compared with other adult age groups across all survey waves, 
while overall ever use among adults increased from 16.39% to 20.92% [5]. Hookah products 
are sold in fruit/candy/alcohol-like flavors and strategically marketed to normalize use and 
position hookah as a “safer” alternative to cigarettes, often leveraging the sensory appeal of 
flavors and the social ritual of use to reduce perceived risk and reinforce sustained use [6]. 
These perceptions are consequential because lower perceived harm is a consistent predictor 
of tobacco initiation and progression, and youth who perceive hookah as neither harmful 
nor addictive are substantially more likely to initiate use [7].

These favorable perceptions are discordant with the toxicant profile and cardiopul-
monary effects of hookah smoking, particularly for charcoal-heated waterpipes. Hookah 
smoke delivers nicotine and multiple toxic constituents, including carbon monoxide, fine 
particulate matter, polycyclic aromatic hydrocarbons, and heavy metals, and evidence as-
sociates hookah smoking with cardiovascular and respiratory harm [8–11]. Flavors can 
further facilitate deeper inhalation and sustained sessions by masking harshness and in-
creasing product appeal, potentially increasing exposure to smoke toxicants [12,13]. Yet a 
persistent misconception, prominently echoed in public discourse and marketing, is that 
water “filters” toxins, leading many users to view hookah as benign [6,14]. Importantly, 
the type of harm perceived may be uneven, as respiratory harms may be more readily 
recognized than cardiovascular harms, which can undermine prevention and cessation 
messaging in a product with well-established cardiovascular toxicity [8,11].

Although reduced-harm perceptions of hookah smoking are well documented, prior 
research has focused primarily on overall harmfulness, addictiveness, and social acceptabil-
ity rather than specific health domains. This distinction matters because smoking-related 
risk perceptions are multidimensional, and misperceptions may differ according to the 
disease outcome being considered. Whether young adults differentially appraise the short-
term cardiovascular versus respiratory effects of hookah smoking relative to cigarettes 
remains insufficiently characterized. Accordingly, we examined the perceived short-term 
health effects of hookah and cigarette smoking on general health, cardiovascular health, and 
respiratory health among exclusive hookah smokers, dual users, and non-current tobacco 
users. We hypothesized that hookah users would rate hookah smoking as less harmful than 
non-users and that hookah would be rated as less harmful than cigarettes across groups.
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2. Materials and Methods
2.1. Study Design and Participants

We conducted a cross-sectional survey between 2021 and 2024 to assess young adults’ 
(aged 21–39 years) perceptions of the health impacts of hookah smoking versus cigarette 
smoking. Participants were recruited in Southern California through online postings (Face-
book, Reddit, Craigslist) and flyers at local colleges and universities. The sample consisted 
of eligible participants recruited during the study period using convenience sampling. 
Participants were screened for tobacco use history and categorized into three groups: (1) ex-
clusive hookah smokers (regular hookah smoking and no cigarette smoking), (2) dual 
users (both hookah and cigarette smoking), and (3) non-smokers (never use of any tobacco 
products). Inclusion criteria included hookah smokers and dual users who had a history 
of regular hookah smoking, defined as smoking hookah at least once weekly for the past 
12 months. All participants provided informed written consent, and the study protocol was 
approved by the University of California, Los Angeles institutional review board.

2.2. Survey Measures
Participants completed a questionnaire that included demographic characteristics (age, 

sex, race/ethnicity, and education level) and tobacco use history and frequency of use. 
While participants recorded age at smoking initiation for each tobacco product, for analysis, 
smoking initiation age was dichotomized as <18 vs. ≥18 years (minor vs. adult initiation). 
The primary outcomes were perceived short-term health effects of hookah smoking and of 
cigarette smoking. Participants were asked to rate, on a continuous scale from −10 to +10, 
how they believe smoking hookah affects: (1) general overall health, (2) cardiovascular 
health, and (3) respiratory health. A score of −10 was labeled “extremely harmful,” 0 was 
“no effect or neutral,” and +10 “extremely healthy.” The same participants also rated the 
perceived impact of cigarette smoking on each of those three health domains using the 
same −10 to +10 scales. The term “short-term” was used in the questionnaire to distinguish 
these perceived effects from longer-term health consequences. These perception items were 
study-specific and were not derived from a previously validated instrument.

2.3. Statistical Analysis
We summarized participant characteristics and tobacco use behavior by group using 

descriptive statistics (means ± SD for continuous variables; counts and percentages for 
categorical variables). To examine differences across groups in risk perceptions, we used 
multiple linear regression models with perception scores as the dependent variables. In the 
primary analysis, we included all three groups (hookah-only, dual, and non-smokers), with 
exclusive hookah smokers as the reference group. Each model included indicator variables 
for “dual user” and “non-smoker” (reference: hookah smoker). We ran separate models for 
each of the three health domains (general, cardiovascular, respiratory) and for each product 
perception (hookah and cigarette). All models were adjusted for sex (female vs. male), 
race/ethnicity (non-Hispanic White vs. all other racial/ethnic groups), and education 
(college education beyond high school vs. high school or less). Given the prior literature 
suggesting possible sex differences in risk perception of hookah and cigarette smoking, we 
included sex-by-group interaction terms in the models to explore sex-specific effects [14,15]. 
Male was the reference category for sex; therefore, in models containing sex-by-group 
interactions, the main-effect group coefficients represent group differences among males, 
while the interaction terms represent the additional differences for females relative to males. 
Because several individual race/ethnicity categories had small cell counts, race/ethnicity 
was dichotomized as non-Hispanic White versus all other racial/ethnic groups for the 
regression analyses.
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In an exploratory secondary analysis focusing on smokers only, we restricted the sample 
to the hookah-only and dual user groups (excluding non-smokers) to directly compare 
perceptions between these two smoker groups. In these models, dual user was the key 
independent variable (reference: hookah-only smoker), we adjusted for sex, race/ethnicity, 
and education, and we added smoking initiation age (<18 vs. ≥18) and its interaction 
with group to assess whether starting to smoke as a minor versus as an adult influenced 
perceptions differently in dual vs. single-product users. Given the small number of dual 
users, these analyses were considered exploratory.

For all regression models, we examined overall model significance with an omnibus 
F-test and report adjusted R2  to indicate the proportion of variance explained. Regression 
assumptions were examined, and sensitivity analyses using bootstrapped confidence in-
tervals and robust standard errors were conducted where departures from normality or 
homoscedasticity were observed. Sensitivity analyses yielded substantively similar results 
to the primary OLS models. Regression coefficients (B) with standard errors (SE) are 
reported for key predictors. A two-tailed p-value < 0.05 was considered statistically signifi-
cant. No formal adjustment for multiple comparisons was applied; p values are therefore 
nominal. A general linear model for repeated measures was used to examine differences 
between hookah and cigarette perceptions within each health domain, adjusting for sex, 
ethnicity, and education. Analyses were conducted using SPSS (V28.0).

3. Results
3.1. Participant Characteristics

The analytic sample (N = 121; 26 ± 5 years) included 75 exclusive hookah smokers, 
10 dual (hookah and cigarette) smokers, and 36 non-smokers. Overall, 45% of participants 
were female, with diverse racial/ethnic composition and about two-thirds reporting at least 
some college education beyond high school (Table 1). Exclusive hookah smokers reported an 
average of 2.7 ± 2.3 smoking sessions per week, with each session lasting about 104 ± 48 min, 
whereas dual users smoked hookah slightly more often (3.3 ± 2.1 sessions/week on average) 
but for shorter durations (79 ± 56 min per session). Among dual users, self-reported 
cigarette consumption averaged 8.4 ± 12.6 cigarettes per week. Those who smoke reported 
initiating smoking during late adolescence or early adulthood.

Table 1. Demographic and Smoking Characteristics of Study Participants.

Hookah Smokers Dual Smokers Non-Smokers

N 75 10 36
Female/Male 25/50 3/7 23/13
Age, Years 25 ± 4 29 ± 7 27 ± 6
BMI 24 ± 3 26 ± 5 23 ± 6
Race/Ethnicity
   Non-Hispanic White 31 5 11
   Non-Hispanic Black 14 4 6
   Hispanic 9 0 4
   Asian 14 1 15
   Native Hawaiian/Pacific Islander 3 0 0
   American Indian/Alaskan Native 3 0 0
   Multiple race/ethnicity 1 0 0
Level of Education Attained
   High School 20 2 8
   College 47 7 21
   Graduate 8 1 7
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Table 1. Cont.

Hookah Smokers Dual Smokers Non-Smokers

Smoking History
   Number of Hookah Sessions, per week 2.73 ± 2.27 3.25 ± 2.07 -
   Hookah Session Duration, minutes 104 ± 48 79 ± 56 -
   Cigarette, per week - 8.40 ± 12.59 -
Age of Smoking Onset, years
   ≤17 13 4 -
   18–24 57 5 -
   ≥25 5 1 -

Data reported as number (n) or mean ± standard deviation (SD). (-) indicates not applicable.

3.2. Perceived Health Effects of Hookah vs. Cigarettes
Figure 1 presents adjusted perception ratings by tobacco-use group across cardiovas-

cular, respiratory, and general health domains. Exclusive hookah smokers rated hookah 
smoking relatively close to neutral, particularly for cardiovascular health (adjusted pre-
dicted mean, −1.70 on the −10 to +10 scale), whereas non-smokers rated its cardiovascular 
impact as substantially more harmful (−4.91). Repeated-measures results showed that 
cigarette smoking was perceived as significantly more harmful than hookah smoking for 
each of the three health domains (general: F(1,110) = 25.91, p < 0.001; cardiovascular: 
F(1,110) = 30.07, p < 0.001; respiratory: F(1,109) = 29.49, p < 0.001).

Figure 1. Adjusted perceived health impact of hookah and cigarette smoking across health domains 
and tobacco-use groups. Panel (A) presents perceived health effects of hookah smoking, and Panel 
(B) presents perceived health effects of cigarette smoking. Symbols represent predicted means 
from multivariable linear regression models adjusted for sex, race/ethnicity, and education; error 
bars represent 95% confidence intervals. Ratings ranged from −10 (extremely harmful) to +10 
(extremely healthy), with 0 indicating a neutral perceived effect. More negative values indicate 
greater perceived harm.

In multivariable models adjusted for sex, race/ethnicity, and education (Appendix A, 
Table A1), non-smokers provided significantly lower, or more harmful, ratings than exclu-
sive hookah smokers for cardiovascular health (B = −3.49, SE = 1.09, p = 0.002), respiratory 
health (B = −2.52, SE = 1.01, p = 0.014), and general health (B = −2.49, SE = 1.07, p = 0.021). 
Dual users did not differ significantly from exclusive hookah smokers in their perceptions 
of hookah across these domains. Their adjusted ratings were also relatively close to neutral 
for cardiovascular (−0.44) and general health (0.67).
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Cigarette smoking was perceived as harmful across all three tobacco-use groups, 
with adjusted cardiovascular ratings of −8.20 among exclusive hookah smokers, −4.44 
among dual users, and −6.94 among non-smokers. Although the group-level estimates 
were consistently negative, significant sex-by-tobacco-use-group interactions were observed 
among dual users for cigarette perceptions of general health (B = 11.12, SE = 2.59, p < 0.001), 
cardiovascular health (B = 8.48, SE = 2.62, p = 0.002), and respiratory health (B = 10.07, 
SE = 2.29, p < 0.001). Female dual users reported substantially more favorable cigarette 
ratings than male dual users; however, because only three dual users were female, these 
interaction findings should be considered exploratory.

In exploratory analyses restricted to tobacco users, dual users provided significantly 
higher ratings for hookah’s respiratory-health impact than exclusive hookah smokers
(B = 3.73, SE = 1.80, p < 0.05), indicating less perceived respiratory harm after adjustment for 
demographic characteristics and age of smoking initiation. A smoking-initiation-age-by-group 
interaction was also observed for cardiovascular perceptions of cigarette smoking (B = 5.37, 
SE = 2.38, p < 0.05). The positive interaction was consistent with more favorable cigarette 
cardiovascular ratings among dual users who initiated smoking at age ≥18 relative to the cor-
responding initiation-age pattern among exclusive hookah smokers (Appendix A, Table A2). 
Given the small dual-user sample, these estimates should be interpreted cautiously.

4. Discussion
Our findings are consistent with a large body of literature showing that hookah smoking 

is commonly perceived as less harmful than cigarette smoking among youth and young 
adults [7,16]. Prior studies have documented reduced perceptions of harm, addictiveness, 
and social risk surrounding hookah use, and longitudinal evidence indicates that lower 
perceived harm predicts subsequent initiation and earlier progression to use [17–19]. The 
present study extends this literature by showing that harm minimization was not uniform 
across health domains. The clearest divergence concerned cardiovascular health, where 
current hookah users rated hookah’s cardiovascular impact near neutrality, whereas cigarette 
harm was recognized across groups.

This domain-specific misperception is clinically meaningful. Hookah tobacco smoking 
exposes users to substantial carbon monoxide, nicotine, smoke volume, and other vascular 
toxicants, and acute use increases heart rate and blood pressure while impairing vascular 
function and increases cardiovascular disease risk [8,9,11,20]. Moreover, cardiovascular 
risk from combustible tobacco exposure is non-linear, such that even low or intermittent 
smoking carries a substantial proportion of the excess coronary heart disease and stroke risk 
associated with heavier smoking [21–23]. Viewed in this context, the perception that hookah 
smoking is largely innocuous to cardiovascular health is especially concerning, because it 
may reinforce the belief that social or intermittent hookah use is comparatively safe.

Exploratory secondary analyses suggested complexity in risk appraisal among dual 
users, including potential heterogeneity by sex and smoking initiation patterns. Given the 
small dual-user subgroup, these findings should be interpreted cautiously and considered 
hypothesis-generating. They are consistent with emerging evidence that multi-product users 
may adopt distinct cognitive frameworks for evaluating tobacco harm, but these patterns 
warrant further investigation in larger, population-based samples. Prior work suggests that 
dual use can be associated with altered risk appraisal and compensatory beliefs, though 
sex-specific patterns remain underexplored and warrant further investigation with a larger 
sample size [16].

These findings have implications for public health communication and regulation. 
Existing hookah communication research suggests that young adults respond favorably 
to simple, factual health-harm messages, with health-harm content demonstrating greater 
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message receptivity than addiction-risk content [24]. At the same time, compliance with 
U.S. Food and Drug Administration nicotine warning requirements on hookah tobacco 
packaging remains low [25]. Risk communication informed by the present findings should 
therefore explicitly address cardiovascular toxicity, in addition to the focus on respiratory 
harms, and should directly counter the persistent misconception that water filtration mean-
ingfully reduces toxicant exposure. These findings may inform broader tobacco-control 
efforts addressing hookah products among young adults, particularly where reduced-harm 
perceptions may contribute to continued use.

This study has several limitations. First, tobacco use and perceptions were self-reported 
and not biochemically verified. Participants were recruited from Southern California and 
were predominantly young adults, which may limit generalizability. The modest sample 
size, particularly for dual users, reduces the precision of subgroup and interaction estimates. 
Accordingly, analyses involving dual users should be considered exploratory and inter-
preted cautiously, and these findings require replication in larger, more balanced samples. 
The study-specific perception items have not undergone formal psychometric validation, 
which may limit direct comparability with studies using validated risk-perception mea-
sures. The dichotomization of race/ethnicity may obscure heterogeneity across racial and 
ethnic groups. Finally, the cross-sectional design precludes causal inference regarding the 
temporal relationship between tobacco use and risk perceptions.

Future research should extend these findings in larger, more diverse samples with 
greater representation of dual users and incorporate psychometrically validated mea-
sures of tobacco-related risk perceptions. Longitudinal and experimental studies are 
also needed to determine whether cardiovascular-specific risk communication can modify 
hookah-related harm perceptions and whether such changes translate into subsequent 
tobacco-use behavior.

5. Conclusions
Young adult hookah smokers perceived the short-term health effects of hookah smok-

ing as substantially less harmful than non-smokers did across cardiovascular, respiratory, 
and general health domains, with particularly low perceived cardiovascular harm. These 
perceptions contrast with established evidence of the cardiovascular and respiratory toxicity 
of hookah smoke. The findings may inform risk-communication and tobacco-control efforts 
aimed at improving young adults’ understanding of hookah-related health risks.
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Appendix A 

Table A1. Relationship of smoking status with perceptions of health impact of hookah and cigarettes, 
controlling for selected demographics B (SE) [95% CI].

Hookah Risk
on CV Health

Cigarette Risk 
on CV Health

Hookah Risk on 
Respiratory 

Health

Cigarette Risk on 
Respiratory 

Health

Hookah Risk on 
General Health

Cigarette Risk 
on General 

Health

Intercept −1.39 (0.92)
[−3.22, 0.44]

−9.22 (0.83)
[−10.86, −7.58]

−2.68 (0.87) **
[−4.40, −0.96]

−9.00 (0.72) ***
[−10.44, −7.57]

−1.49 (0.91)
[−3.28, 0.31]

−8.35 (0.82) ***
[−9.97, −6.72]

Dual vs. Hookah 
(ref: Hookah)

1.50 (1.41)
[−1.29, 4.29]

1.98 (1.26)
[−0.52, 4.48]

2.13 (1.31)
[−0.47, 4.74]

1.52 (1.10)
[−0.67, 3.70]

1.93 (1.38)
[−0.80, 4.68]

2.18 (1.25)
[−0.29, 4.65]

Non-smoker vs. 
Hookah (ref: Hookah)

−3.49 (1.09) **
[−5.65, −1.34]

0.35 (0.97)
[−1.59, 2.28]

−2.52 (1.01) *
[−4.54, −0.51]

0.79 (0.85)
[−0.90, 2.48]

−2.49 (1.07) *
[−4.60, −0.38]

0.32 (0.96)
[−1.58, 2.23]

Race/ethnicity (ref: 
non-Hispanic White)

0.31 (0.68)
[−1.04, 1.66]

0.82 (0.61)
[−0.38, 2.03]

−0.83 (0.64)
[−2.10, 0.43]

0.42 (0.53)
[−0.63, 1.48]

−0.10 (0.67)
[−1.42, 1.22]

0.44 (0.60)
[−0.76, 1.63]

Education (ref: high 
school or less)

−1.01 (0.75)
[−2.49, 0.48]

0.48 (0.68)
[−0.86, 1.83]

−0.97 (0.70)
[−2.35, 0.41]

−0.26 (0.59)
[−1.43, 0.92]

−0.75 (0.73)
[−2.21, 0.71]

−0.12 (0.67)
[−1.45, 1.20]

Sex (ref: male) 0.63 (0.86)
[−1.07, 2.33]

0.37 (0.78)
[−1.18, 1.91]

0.71 (0.80)
[−0.88, 2.30]

−0.03 (0.68)
[−1.39, 1.32]

0.66 (0.84)
[−1.00, 2.33]

−0.05 (0.77)
[−1.58, 1.48]

Interaction sex × group 
(sex × Dual vs. Hookah)

−0.40 (2.93)
[−6.21, 5.42]

8.48 (2.62) **
[3.28, 13.68]

0.22 (2.73)
[−5.19, 5.63]

10.07 (2.29) ***
[5.52, 14.61]

3.19 (2.88)
[−2.51, 8.89]

11.12 (2.59) ***
[5.98, 16.26]

Interaction 
sex × smoking group 
(sex × Non-smoker vs. 
Hookah)

0.23 (1.49)
[−2.72, 3.19]

1.25 (1.34)
[−1.41, 3.91]

0.63 (1.39)
[−2.12, 3.39]

1.18 (1.17)
[−1.14, 3.50]

−0.72 (1.46)
[−3.62, 2.17]

1.20 (1.32)
[−1.42, 3.83]

Model F(df), p 3.89 (7,110)
p < 0.001

4.38 (7,108)
p < 0.001

2.87 (7,109)
p = 0.009

5.99 (7,108)
p < 0.001

3.96 (7,110)
p < 0.001

5.77 (7,108)
p < 0.001

Adjusted R2 0.15 0.17 0.10 0.23 0.15 0.23
In models containing sex-by-group interactions, group coefficients represent contrasts at the reference 
sex (male). * p < 0.05, ** p < 0.01, *** p < 0.001.

Table A2. Exploratory smoker-only regression models of perceptions of health impact of hookah and 
cigarettes, B (SE) [95% CI].

Hookah Risk
on CV Health

Cigarette Risk 
on CV Health

Hookah Risk on 
Respiratory 

Health

Cigarette Risk on 
Respiratory 

Health

Hookah Risk
on General

Health

Cigarette Risk 
on General 

Health

Intercept −1.02 (1.32)
[−3.66, 1.61]

−9.32 (1.09) ***
[−11.49, −7.15]

−3.05 (1.19) *
[−5.42, −0.67]

−9.41 (0.85) ***
[−11.10, −7.71]

−1.54 (1.26)
[−4.05, 0.98]

−8.81 (1.07) ***
[−10.93, −6.68]

Dual vs. Hookah 
(ref: Hookah)

2.15 (2.00)
[−1.84, 6.14]

−0.32 (1.64)
[−3.59, 2.95]

3.73 (1.80) *
[0.15, 7.32]

1.10 (1.28)
[−1.46, 3.66]

3.86 (1.91) *
[0.05, 7.66]

1.82 (1.60)
[−1.38, 5.02]

Race/ethnicity (ref: 
non-Hispanic White)

0.51 (0.85)
[−1.20, 2.21]

0.96 (0.70)
[−0.44, 2.37]

−1.50 (0.78)
[−3.05, 0.06]

0.54 (0.55)
[−0.56, 1.64]

−0.02 (0.82)
[−1.65, 1.60]

0.72 (0.69)
[−0.65, 2.10]

Education (ref: high 
school or less)

−1.33 (0.89)
[−3.10, 0.44]

0.54 (0.74)
[−0.94, 2.01]

−1.08 (0.80)
[−2.67, 0.51]

−0.44 (0.58)
[−1.59, 0.71]

−1.42 (0.85)
[−3.11, 0.27]

−0.25 (0.72)
[−1.70, 1.19]

Sex (ref: male) 0.95 (0.90)
[−0.84, 2.75]

0.49 (0.75)
[−1.00, 1.99]

0.50 (0.82)
[−1.12, 2.13]

−0.12 (0.59)
[−1.29, 1.06]

0.74 (0.86)
[−0.98, 2.45]

−0.06 (0.73)
[−1.52, 1.41]

Smoking onset age
(ref: <18 yrs)

−0.33 (1.12)
[−2.57, 1.91]

−0.05 (0.92)
[−1.89, 1.79]

1.21 (1.02)
[−0.82, 3.24]

0.61 (0.72)
[−0.83, 2.05]

0.67 (1.07)
[−1.47, 2.80]

0.49 (0.90)
[−1.31, 2.29]

Interaction sex × group 
(sex × Dual vs. Hookah)

0.58 (3.33)
[−6.05, 7.21]

5.31 (2.73)
[−0.13, 10.75]

1.44 (2.99)
[−4.52, 7.41]

9.03 (2.13) ***
[4.78, 13.29]

5.23 (3.18)
[−1.10, 11.55]

10.17 (2.67) ***
[4.85, 15.49]

Interaction smoking 
onset × group 
(onset × Dual vs. Hookah)

−1.75 (2.90)
[−7.53, 4.04]

5.37 (2.38) *
[0.62, 10.12]

−3.01 (2.61)
[−8.21, 2.19]

1.44 (1.86)
[−2.27, 5.16]

−4.02 (2.77)
[−9.54, 1.51]

1.28 (2.33)
[−3.37, 5.92]

Model F(df), p 0.78 (7.74)
p = 0.605

5.59 (7.72)
p < 0.001

1.77 (7.75)
p = 0.107

8.30 (7.72)
p < 0.001

1.84 (7.74)
p = 0.092

7.00 (7.72)
p < 0.001

Adjusted R2 −0.02 0.29 0.06 0.39 0.07 0.35
Because group was included in interactions with sex and smoking-onset age, group coefficients represent 
contrasts at the reference categories (male; smoking onset < 18 years). * p < 0.05, *** p < 0.001.
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