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Reduction of tobacco use is a longstanding cardiovascular public health goal. A burgeoning
array of novel tobacco products threaten to offset gains achieved in lowering cigarette
smoking rates. Hookahs, or waterpipes, have been used for centuries, mainly in the Middle
East, but their popularity has been growing worldwide. The uptake of hookah smoking in the
United States has been attributed to the availability of flavored tobacco, advertising on social
media, and the lack of regulation. Recent surveys report that 1 in 6 adults in the United
States use hookahs and that most regular users are young adults, suggesting the potential for
further increases in use.2 Furthermore, hookah smoking is associated with the use of other
tobacco products and higher combustible cigarette consumption among youth, suggesting
that hookah smoking may serve as a gateway to other tobacco products.23

Hookah smoking is often perceived to be safer than combustible cigarettes, largely because
of the assumption that the water filters out carcinogens and toxicants and the perception that
hookah uses more natural ingredients.# Hookah smoke produced by traditional charcoal
briquette heating contains particulate constituents similar to combustible cigarette smoke
and delivers comparable levels of nicotine.> However, the patterns of hookah use are
different from the patterns of use of combustible cigarettes. Hookah smoking is usually
intermittent, over the course of 30 to 60 minutes, and typically takes place in a social setting.
2 During hookah use, charcoal briquettes heat the tobacco but do not achieve temperatures as
high as combustible cigarette smoking (400°C versus 900°C).> Consequently, hookah smoke
contains higher levels of incomplete combusted products than combustible cigarette smoke,
including higher carbon monoxide (CO) levels.> More recently, an electric version of
hookah (e-hookah) was developed that heats the tobacco by using a battery-powered device,
much like electronic cigarettes. Whether produced by charcoal or electronic heating
elements, hookah smoke contains multiple potential toxicants (Figure). The health effects of
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individual toxicants including flavorings and carbon monoxide remain incompletely
understood.

Few prior studies have evaluated the cardiovascular effects of hookah use. The burden of
long-term hookah use has been associated with the presence and severity of coronary artery
disease.b Acute charcoal-heated hookah smoking has been shown to increase measures of
arterial stiffness, blood pressure, and sympathetic activation.”19 Circulating apoptotic
endothelial cell microparticles were found to be higher in occasional hookah smokers than in
nonsmokers, further suggesting that hookah use is associated with vascular injury.1! In vitro
treatment of endothelial cells with hookah smoke extract decreased cell viability and pro-
liferation, increased the number of cells in cell cycle arrest, increased oxidative stress,
decreased both endothelial nitric oxide synthase and AMP-activated protein kinase
signaling, and increased inflammatory signaling.12 Collectively, these studies suggest that
hookah use is associated with vascular stiffening, sympathetic activation, and endothelial
cell dysfunction.

In this issue of Circulation, Rezk-Hanna and colleagues!3 report the results of a carefully
conducted controlled-exposure study comparing the acute vascular effects of electrically and
charcoal-heated hookah smoking. It is surprising that flow-mediated vasodilation increased
following the use of a charcoal-heated hookah, an observation that at first interpretation
suggests an augmentation of endothelial function. In contrast, use of an e-hookah decreased
flow-mediated dilation in a fashion similar to that induced by smoking a combustible
cigarette. As expected from prior studies, exhaled CO levels were 9-fold higher following
charcoal-heated hookah use in comparison with either electrically heated hookah or cigarette
smoking. Inhalation exposure to CO in hookah users increased flow-mediated dilation to a
greater degree than charcoal-heated hookah smoking with similar exhaled CO levels. These
findings provide evidence that CO acts as a vasodilator in humans and that charcoal-heated
hookah use produces additional tobacco toxicants that counteract the vasodilation induced
by CO.

CO is a gaseous compound and well-known pollutant that is increasingly recognized as a
signaling molecule.1* The major sources of external CO exposure are environmental
exposures such as tobacco smoke, but CO is also produced in small amounts in the body.
Endogenous production of CO by heme oxygenase inhibits mitochondrial cytochrome C,
increasing reactive oxygen species creation to activate protective signaling pathways.
Furthermore, CO, like nitric oxide, activates cGMP, leading to vasodilation. In addition, CO
may stimulate endothelial nitric oxide synthase—mediated nitric oxide production, through
Akt-mediated phosphorylation and calcium release.1® The present study indicates that
inhalation of exogenous CO augments nitric oxide bioactivity that may be attributable to
either decreased oxidative stress or increased nitric oxide production. In the case of
charcoal-heated hookah smoke inhalation, the vascular effects of CO cover, in part, the
adverse effects of the other tobacco smoke toxicants. It is important to note that the net
vascular effect, whether a benefit or harm from CO, likely depends on many factors
including endogenous or exogenous sources, level, and duration of exposure. The chronic
vascular effects of CO exposure in conjunction with hookah smoke remain to be defined.

Circulation. Author manuscript; available in PMC 2021 March 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fetterman and Hamburg Page 3

Several additional questions remain unanswered by the Rezk-Hanna et al study. Hookahs are
often smoked in a social setting, with hookah bars being especially popular among college
students.? Consequently, hookah users are exposed to secondhand hookah smoke that may
have different components and additional cardiovascular effects. Future studies are needed to
evaluate the long-term cardiovascular effects of nondaily hookah use and to evaluate
additional product characteristics, such as the different flavors of tobacco, which are
especially appealing to youth, who are the predominant hookah smokers in the United
States.

Misperceptions that hookah smoking is safer than cigarette smoking persist. The study by
Rezk-Hanna et al provides scientific evidence indicating that acute exposure to hookah
smoke, generated by either charcoal or electric heating, has vascular toxicity similar to
combustible cigarette smoke. Additional longitudinal evidence is warranted, but the current
available evidence supports efforts to enhance educational and regulatory efforts to reduce
hookah use and prevent further youth uptake.
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Figure. Vascular effects of hookah use.

Tobacco leaf—derived product is heated electronically (e-hookah) or burned using charcoal
briquettes or cigarettes, resulting in a complex cloud of smoke. Tobacco toxicants in tobacco
smoke lower nitric oxide (NO) activity and block vasodilation. Charcoal-heated hookah
smoke has greater amounts of carbon monoxide (CO), which masks the adverse effects on
vascular function, potentially by altering mitochondrial ROS signaling, activating cGMP,
and activating eNOS. In aggregate, hookah smoke produced by either charcoal or e-hookah
impairs vasodilator function. peNOS indicates phosphorylated endothelial nitric oxide

synthase; and ROS, reactive oxygen species.
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