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Short communication 

Association of non-daily hookah tobacco smoking and cardiovascular 
disease-related exposure biomarkers among U.S. users: The Population 
Assessment of Tobacco and Health Study 

Mary Rezk-Hanna a,*, Amanda Adolfo a, Umme Shefa Warda a, Mary-Lynn Brecht a, Neal 
L. Benowitz b 

a School of Nursing, University of California, Los Angeles, Los Angeles, CA, United States 
b Divsion of Cardiology, Department of Medicine, University of California, San Francisco, San Francisco, CA, United States   
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A B S T R A C T   

Hookah smoking has grown to become a global tobacco epidemic. While cigarette smoking is a well-established 
cardiovascular disease (CVD) risk factor, the CVD risks of hookah smoking are unknown, particularly among 
regular U.S. adult hookah users who are predominantly non-daily users. Herein, we examined the association 
between hookah smoking and biomarkers of CVD risk among regular exclusive hookah smokers (n = 75), 
compared to regular exclusive cigarette smokers (n = 1773), dual hookah and cigarette smokers (n = 43) and 
never tobacco users (n = 757), using data from a nationally representative sample of adults from the Population 
Assessment of Tobacco and Health Study (2013–2014). Whereas 84% of cigarette smokers reported daily use, 
only 8% of hookah smokers reported daily use, with more than a third reporting monthly use. Adjusting for age 
and sex and as compared to exclusive cigarette smokers, exclusive hookah smokers had significantly lower 
geometric mean concentrations in serum sICAM-1 and urinary F2-isoprostane (p < 0.05). Although not statis-
tically significant, a signal of increased oxidative stress was observed among hookah smokers as compared to 
never tobacco users (urinary F2-isoprostane). CVD-related harm biomarkers appear to be lower among hookah 
smokers than cigarette smokers. These findings represent patterns of hookah smoking predominantly shared 
among adult U.S. users who report non-daily occasional use and do not reflect solitary, daily use as is common in 
the Middle East. Future studies with longer exposure and longitudinal hookah use are warranted to explore the 
association between hookah smoking and CVD risk.   

1. Introduction 

Hookah (i.e., waterpipe) smoking is a centuries-old tobacco use 
method that has grown to become a global tobacco epidemic (Maziak 
et al., 2015). National representative data from Wave 1 (2013–2014) of 
the Population Assessment of Tobacco and Health (PATH) Study showed 
that 18.2% of adults 18–24 years of age reported current hookah use, 
comparable to 19.6% who reported cigarette use (Kasza et al., 2017). 
While cigarette smoking is a well-established cardiovascular disease 
(CVD) risk factor (Tsao et al., 2022), the CVD risks of hookah smoking 
are unknown, particularly among regular U.S. adult hookah tobacco 
users who are predominantly non-daily users. While studies have re-
ported associations of regular hookah tobacco use with increased CVD 
risk, severity, and mortality (Ward et al., 2015; Sezavar and Bazargan, 

2004; Sibai et al., 2014; Suwaidi et al., 2012), most studies are from the 
Middle East, where: (a) hookah is often a solitary activity smoked daily 
with the majority of users smoking several times/day; and/or (b) the 
characteristics of the smoked product (flavored tobacco, jurak, or tum-
bak) are not clearly identified (Fouad et al., 2016; Selim et al., 2013). 
These differences need to be considered carefully when extrapolating to 
CVD effects among U.S. users reporting occasional non-daily use. 

To address these gaps, the present study investigates the association 
between hookah smoking and four serum biomarkers of inflammation, 
including high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL- 
6), soluble intercellular adhesion molecule (sICAM-1), and fibrinogen, 
and one biomarker of oxidative stress (urinary levels of 8-isoprostane 
(F2-isoprostane)) as biomarkers of CVD risk in regular exclusive adult 
hookah smokers, compared to regular exclusive cigarette smokers, dual 
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hookah and cigarette smokers and never-users of tobacco products, 
participating in the PATH Study (2013–2014). Nicotine intake was 
assessed using urinary total nicotine equivalents (TNE; sum of nicotine 
and six metabolites, including cotinine, 3-hydroxycotinine, nicotine N- 
oxide, cotinine N-oxide, nornicotine, and norcotinine) (Hukkanen et al., 
Mar 2005), and urinary cotinine. 

2. Methods 

Data were derived from the PATH study, an ongoing, nationally 
representative, longitudinal cohort study, conducted in 2013–2014 
(Wave 1), to describe patterns of tobacco and alternative tobacco use 
and associated health outcomes among non-institutionalized residents 
aged ≥ 12 years in the U.S. (Hyland et al., 2017). The PATH data 
collection was conducted by Westat and approved by Westat’s institu-
tional review board. Briefly, participants who completed Wave 1 inter-
view questionnaire were asked to provide blood and urine specimens for 
analysis. For blood, phlebotomists visited participants at their home to 
administer a brief set of questions about use of tobacco products during 
the 3-day period prior to blood collection. The phlebotomist then 
collected the specimens, immediately placed in a Credo Cube shipper, to 
hold specimens between 2 ◦C and 8 ◦C and shipped overnight to the 
PATH Study biorepository for storage and processing. For urine, par-
ticipants self-collected full-void urine specimens in 500 mL poly-
propylene containers, which were placed in a custom Credo Cube 
shipper, to hold specimens between 2 ◦C and 8 ◦C and shipped overnight 
to the PATH Study biorepository for storage and processing. Because 
serum biomarkers of inflammation, including hs-CRP, IL-6, sICAM-1, 
and fibrinogen, were only collected in the first wave of PATH, we 
used data from that wave (2013–2014) to examine the study aims. PATH 
study restricted-use data files are available at the National Addiction & 
HIV Data Archive Program (National Institute on Drug Abuse aUDo-
HaHS, Food and Drug Administration, Center for Tobacco Products, 
2017). 

Participants were divided into four groups: hookah smokers, ciga-
rette smokers, dual hookah and cigarette smokers, and never-tobacco 
users. Hookah smokers were defined as those who reported being 
established users (ever smoked, smoked regularly, and smoke every day 
or some days), smoked at least once in the past 30 days, have not smoked 
or used any other tobacco product in the past 30 days and did not use 
nicotine replacement therapy (NRT) “today, yesterday, or the day before 
yesterday.” Cigarette smokers were defined as those who reported being 
established users (ever smoked, smoked > 100 cigarettes in lifetime, and 
smoke every day or some days), smoked at least once in the past 30 days, 
have not smoked or used any other tobacco product in the past 30 days 
and did not use NRT “today, yesterday, or the day before yesterday.” 
Dual hookah and cigarette users were defined as those who exclusively 
smoke hookah plus cigarettes, similar to the above criteria. Never to-
bacco users were defined as those who have never smoked or used any 
tobacco or nicotine product and had urinary cotinine < 10 ng/mL. All 
participants self-reported data on: age (18–24, 25–34, and >35 years 
old); sex (male, female); race/ethnicity (white non-Hispanic, other); 
marijuana use (current, never); education (some college, no college); 
annual income (<$25 000, 25 000– 49 999, >50 000); BMI (<18.5, 
18.5–24.9, 25–29.9; ≥30); and CVD diagnoses (high blood pressure, 
high cholesterol, congestive heart failure, stroke, myocardial infarction 
or bypass surgery). 

Analyses used survey weights with Fay’s variant to provide nation-
ally representative statistics. Unadjusted geometric means with 95% 
confidence intervals were used to describe biomarkers of CVD risk. 
Weighted linear regression on log transformed biomarkers was used to 
compare groups adjusting for age and sex. As a sensitivity analysis, re-
gressions were run adjusting for age, sex, race/ethnicity, marijuana use, 
education, income, BMI, and CVD diagnoses as well as for a subset of 
these covariates (age, sex, BMI, and CVD diagnosis). SAS Survey Pro-
cedures (V9.4) was used for all data analyses with significance level set 

at 0.05. Because analysis focused on deidentified data, it was exempted 
by the University of California, Los Angeles Institutional Review Board. 

3. Results 

Of the 2,648 participants, a total of 1773 were exclusive established 
cigarette smokers, 75 were exclusive established hookah smokers, 43 
participants were dual hookah plus cigarettes smokers and 757 were 
identified as never tobacco users (Table 1). Both hookah smokers and 
dual hookah and cigarette smokers were predominantly young adults 
between 18 and 24 years of age (79% and 68%), as compared to 13% of 
participants in the cigarette smoker group (both p < 0.05). While BMI 
did not differ significantly between groups, 41% of exclusive cigarette 
smokers reported having CVD diagnoses, as compared to 11% of 
exclusive hookah smokers and 8% of dual hookah and cigarette smokers 
(both p < 0.05). Whereas 84% of cigarette smokers reported daily use, 
only 8% of hookah smokers reported daily use, with more than a third 
reporting monthly use. Nearly all (94%) hookah smokers reported 
sharing the same hookah pipe with others during smoking sessions. 
Among cigarette smokers, approximately a third of participants reported 
smoking 11–20 cigarettes per day (CPD). Hookah smokers reported first 
starting smoking hookah “fairly regularly” at 19.4 ± 0.5 years of age, 
while cigarette smokers reported first started smoking cigarettes “fairly 
regularly” at 17.8 ± 0.2 years of age. Cigarette smokers and dual users 
had substantially higher levels of nicotine exposure compared to 
exclusive hookah smokers (p < 0.05; Table 1). Adjusting for age and sex 
and as compared to exclusive cigarette smokers, exclusive hookah 
smokers had significantly lower geometric mean concentrations in 
serum sICAM-1 and urinary F2-isoprostane (p < 0.05). Although not 
statistically significant, a signal of increased oxidative stress was 
observed among exclusive hookah smokers as compared to never to-
bacco users (urinary F2-isoprostane). Exclusive cigarette smokers had 
consistently significantly higher levels of IL-6, sICAM-1, and cotinine, as 
compared to dual hookah and cigarette smokers, after adjusting for age 
and sex, BMI and CVD diagnoses (data not shown). 

4. Discussion 

Utilizing nationally representative data, the present study extends 
findings from acute exposure studies, (Bhatnagar et al., 2019) to docu-
ment lower CVD-related harm biomarkers resulting from regular hookah 
smoking, as compared to cigarette smoking. Our findings, however, 
should be interpreted with caution, primarily due to the total exposure 
duration and intermittent use patterns reported by study participants of 
varying ages. In our study, as compared to 84% of cigarette smokers who 
reported daily use, where a third reported smoking 11–20 CPD, only 8% 
of hookah smokers reported daily use and nearly all (94%) reported 
sharing the same waterpipe with others. The extent of tobacco smoke 
exposure as indicated by urinary nicotine equivalents and cotinine was 
much lower with hookah use compared to cigarette smoking. Notably, 
the age of exclusive hookah smokers was much lower compared to 
exclusive cigarette smokers. Since CVD-related harms of cigarette as 
well as hookah smoking are likely to be cumulative, it is possible that the 
exposure among the younger hookah smoking group has not been long, 
as well as frequent enough to affect CVD risk. Moreover, the complexity 
of cardiovascular-related responses to hookah smoking should be 
considered, because of the wide mixture of constituents resulting not 
only from tobacco combustion but also from fruit and charcoal com-
bustion, with some constituents inducing different and potentially 
opposing effects (Rezk-Hanna et al., 2020). Of particular interest is 
carbon monoxide—a key charcoal combustion product that has been 
shown to increase to a nearly 8-fold greater extent after a single hookah 
smoking session, as compared to after smoking a cigarette— (Bhatnagar 
et al., 2019). Carbon monoxide has been shown to exert potent anti- 
inflammatory effects (Otterbein, 2002). In-vitro studies demonstrate a 
protective role of carbon monoxide by inhibiting C-reactive protein 
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expression (Chung et al., 2011), and pharmacological application of 
carbon monoxide releasing molecules provide anti-inflammatory effects 
by interfering with nuclear factor-κB activation (Cepinskas et al., 2008). 
Our findings of lower levels of some inflammatory biomarkers among 
exclusive hookah and dual hookah plus cigarette smokers compared to 
exclusive cigarette smokers might be explained by high exposure to 
carbon monoxide in young adult hookah smokers, which could counter 
the pro-inflammatory effects of smoke inhalation. Putatively via its anti- 
inflammatory actions, carbon monoxide appears to reduce oxidative 
stress at lower levels, but at higher levels, when associated with tissue 
ischemia, carbon monoxide increases oxidative stress (Ryter et al., 2007; 
Korbut et al., 2020). Unfortunately, no PATH data on carbon monoxide 
levels were available. It is plausible that carbon monoxide levels could 
dampen oxidative stress and therefore reduce urinary F2-isoprostane. 
Because exposure to carbon monoxide reduces hemoglobin oxygen- 
carrying capacity, future studies investigating the potential health im-
plications of chronic carbon monoxide exposure among exclusive hoo-
kah smokers who show less inflammation and oxidative stress than 
cigarette smokers, are warranted. It is noteworthy to mention that no 
PATH data were available about study participants’ diet or physical 

activity, both confounding factors that may have influenced the 
magnitude of the association between tobacco use and biomarkers of 
CVD risk. 

To our knowledge, our study is among the first to explore the asso-
ciation between hookah smokers and biomarkers of inflammation and 
oxidative stress among nationally represented established adult users. 
Our findings suggest that CVD-related harm biomarkers are lower 
among exclusive hookah smokers than cigarette smokers. These findings 
represent patterns of hookah tobacco smoking predominantly shared 
among young adult U.S. users who report non-daily occasional use and 
do not reflect solitary, daily use as is common in the Middle East. Future 
extensive studies with longer exposure and longitudinal hookah use are 
warranted to effectively explore the association between hookah 
smoking and CVD risk. 

Funding 

This study was supported, in part, by the National Heart, Lung, and 
Blood Institute of the National Institutes of Health (grant U54 HL 
147127) to Dr. Benowitz and (grant 1R01HL152435-01A1) to Dr. Rezk- 

Table 1 
Geometric mean estimates (95% confidence intervals) for smoking status associated with cardiovascular disease-related exposure biomarker concentrations among US 
non-institutionalized residents aged 12 years or older who participated in the Population Assessment of Tobacco and Health (PATH) Study: 2013–2014 .  

Biomarker 
Hookah 

Smokers (Referent) 
N = 75 

Cigarette 
Smokers 

N = 1773 

Hookah +
Cigarettes Smokers 

N = 43 

Never 
Tobacco Users 

N = 757 

Inflammation biomarker 

Serum hs-CRP, mg/L 1.24 (0.97–1.58) 1.79 (1.65–1.94) 0.83 (0.54–1.28) 1.45 (1.24–1.70) 
Adjusted for all covariates† Ref. − 0.17 (0.13) − 0.42 (0.19)* − 0.39 (0.13)* 
Adjusted for age, sex, BMI,     

CVD diagnoses Ref. − 0.08 (0.13) − 0.40 (0.19)* − 0.33 (0.13)* 
Adjusted for age and sex Ref. − 0.06 (0.15) − 0.45 (0.23) − 0.31 (0.15)* 

Inflammation biomarker 

Serum IL-6, pg/mL 1.14 (0.96–1.35) 1.70 (1.61–1.81) 0.94 (0.76–1.17) 1.35 (1.25–1.46) 
Adjusted for all covariates† Ref. 0.03 (0.10) − 0.21 (0.13) − 0.16 (0.10) 
Adjusted for age, sex, BMI,     

CVD diagnoses Ref. 0.10 (0.09) − 0.18 (0.12) − 0.16 (0.09) 
Adjusted for age and sex Ref. 0.10 (0.10) − 0.21 (0.14) − 0.16 (0.10) 

Inflammation biomarker 

Serum sICAM-1, ng/mL 
206.08 (186.45– 

227.77) 273.37 (262.79–284.37) 
215.11 (191.61– 

241.49) 
212.64 

(204.19–221.44) 
Adjusted for all covariates† Ref. 0.15 (0.05)* 0.03 (0.08) − 0.10 (0.05) 
Adjusted for age, sex, BMI,     

CVD diagnoses Ref. 0.21 (0.06)* 0.04 (0.08) − 0.05 (0.05) 
Adjusted for age and sex Ref. 0.21 (0.06)* 0.04 (0.08) − 0.05 (0.06) 

Inflammation biomarker 

Serum Fibrinogen, mg/dL 288.09 
(265.82–312.23) 

328.86 (319.90–338.07) 295.32 (265.06–329.03) 317.04 
(310.28–323.95) 

Adjusted for all covariates† Ref. 0.05 (0.04) 0.03 (0.05) − 0.002 (0.04) 
Adjusted for age, sex, BMI,     

CVD diagnoses Refs. 0.05 (0.04) 0.03 (0.06) − 0.001 (0.04) 
Adjusted for age and sex Ref. 0.05 (0.04) 0.02 (0.06) − 0.0003 (0.04) 

Oxidative stress biomarker 

Urinary F2-isoprostane, pg/ 
mg 

469.18 
(399.89–550.47) 

572.23 (543.08– 602.95) 575.10 (446.40–740.90) 375.11 
(345.62–407.12) 

Adjusted for all covariates† Ref. 0.27 (0.09)* 0.15 (0.12) − 0.07 (0.09) 
Adjusted for age, sex, BMI,     

CVD diagnoses Ref. 0.33 (0.08)* 0.21 (0.13) − 0.07 (0.08) 
Adjusted for age and sex Ref. 0.33 (0.09)* 0.20 (0.13) − 0.07 (0.09) 

Biochemical measure of nicotine 
intake 

Urinary Cotinine, ng/mL 10.49 (4.80–22.93) 
2004.41 

(1793.26–2240.41) 
948.61 

(418.74–2148.99) 0.29 (0.25–0.34) 

Adjusted for all covariates† Ref. 5.12 (0.38)* 4.46 (0.52)* − 3.57 (0.39)* 
Adjusted for age, sex, BMI,     

CVD diagnoses Ref. 5.36 (0.39)* 4.54 (0.54)* − 3.43 (0.41)* 
Adjusted for age and sex Ref. 5.36 (0.39)* 4.51 (0.54)* − 3.44 (0.41)* 

Biochemical measure of nicotine 
intake 

Urinary TNE, nmol/mL 6.84 (4.24–11.03) 50.90 (46.86–55.30) 29.68 (19.15– 46.00) – 
Adjusted for all covariates† Ref. 1.59 (0.22)* 1.46 (0.32)* – 
Adjusted for age, sex, BMI,     

CVD diagnoses Ref. 1.64 (0.23)* 1.45 (0.34)* – 
Adjusted for age and sex Ref. 1.62 (0.22)* 1.41 (0.33)* – 

*Indicates significant difference from referent. Hs-CRP indicates high sensitivity C-reactive protein; IL-6, interleukin-6; sICAM, soluble intercellular adhesion molecule; 
and TNE, total nicotine equivalents. Data are shown as unweighted Ns and weighted geometric mean (95% CI); and regression coefficient (standard error), comparing 
hookah to other tobacco and never tobacco users. Note that the first row for biomarkers represents the weighted geometric means (95% CI), whereas the remaining 
rows include comparisons of exclusive hookah smokers (the reference group) to each other smoker group with coefficients (standard errors) from linear regression of 
log transformed biomarker and that each of these rows includes different sets of covariates in the models. †Adjusting for age, sex, race/ethnicity, marijuana use, 
education, income, BMI, and CVD diagnosis. (-) indicates no data available. 
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