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BACKGROUND: Waterpipe (also known as hookah) smokers are exposed to several toxicants,
heavy metals, and carcinogens. This study assessed physiologic data from hookah bar partici-
pants in an urban area in Florida. We hypothesized that hookah lounge patrons would have a
decreased S,o, and perfusion index, as well as an increased heart rate and exhaled carbon mon-
oxide (CO) levels upon exiting the bars. METHODS: Exhaled CO levels, heart rate, pulse oxime-
try for carboxyhemoglobin, and perfusion index were obtained immediately before entering the
hookah lounges and after exiting hookah lounges on a sample size of 200 patrons attending hookah
lounges. Averages were then used for Wilcoxon signed-rank tests to assess differences across means.
RESULTS: Combining data from both hookah smokers and concurrent smokers, the mean CO
measurements went from 5.7 ppm prior to lounge entry to 66.5 ppm after the lounge visit (P <
.001). Conversion to carboxyhemoglobin for all hookah smokers represents an increase from
1.5% to 10.6% (P < .001). Carboxyhemoglobin mean values as measured with pulse oximetry
increased from 1.4% prior to the lounge visit to 7.2% after the lounge visit (P < .001). The mean
heart rate for the subjects also increased from 90.3 beats/min to 94.2 beats/min (P < .001). Spo, levels
decreased from 98.4% to 97.8% (P < .001). Similarly, the mean perfusion index decreased from 3.1%
to 2.7% (P = .002). CONCLUSIONS: Hookah lounge smokers in the United States are exposed to
high levels of CO that have the potential for detrimental health effects, as evidenced by rapid nega-
tive changes in physiological parameters. Respiratory therapists should be aware of potential cardi-
ovascular changes in hookah lounge patrons who enter emergency rooms and health facilities due
to recent exposures. Key words: hookah; shisha, carbon monoxide,; oxygen saturation; cardiorespira-

tory; perfusion. [Respir Care 2021;66(2):269-274. © 2021 Daedalus Enterprises]

Introduction

Hookah smoking (also known as shisha, narghile, and
waterpipe) is a common tradition that is believed to have
begun in India and has become infused into college culture
and social locations across the globe.! Flavored tobacco
(maassel) manufactured with artificial sweeteners is heated
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in a bowl beneath smoldering charcoal, separated by an alu-
minum shield or foil. Prevalence rates of hookah smoking
in 2018 reported by Monitoring the Future indicated that
7.8% of high school students and 12.3% of young adults
(19-30 y old) had smoked hookah in the past year.
Although the rates have declined slightly in recent years,
the data still represent 1 in 13 high schoolers and 1 in 8
young adults smoking hookah.

The prevalence of hookah smoking continues due to
young adults utilizing it as means of social interaction,
where groups of individuals can gather at residences or
hookah lounges and pass a shared hose for smoking.*> The
social nature, flavorings, relaxation, and low cost associated
with hookah smoking makes this practice very appealing to
young adults.”” Misperceptions of harm are found in this
age group, with many young adults believing that hookah is
less harmful than traditional cigarette smoking and that it
doesn’t contain addictive chemicals.”® In fact, nearly 300
chemicals have been identified in hookah smoke.” This
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misperception may lead to young adults trying hookah
when they may not have otherwise.

Hookah smoking produces toxins, heavy metals, and car-
cinogens that are of health concern. Smoking hookah for a
typical session of 45—125 min requires the replacement of
charcoal several times to sustain the strength of the smoke.
The charcoal is found to produce high levels of carbon
monoxide (CO).'>'? Many of the toxicants produced,
including CO, are released directly from the combustion of
the charcoal in the waterpipe device. There are health con-
cerns regarding the exposure to CO, toxicants, polycyclic
aromatic hydrocarbons, volatile organic compounds, and
heavy metals.'>'® Additionally, hookah contains the addic-
tive substance nicotine which negatively impacts the devel-
oping brain.'”*® CO, in particular, has lasting effects due to
its strong affinity for hemoglobin (ie, > 200 times greater
than that of the affinity for oxygen).'” This affinity reduces
oxygen-carrying capacity in the blood and can lead to hy-
poxemia and cardiorespiratory disease.

Studies have been conducted in controlled settings and
as quasi-experimental research to assess heart rate, blood
pressure, perfusion, vascular resistance, and effects on the
myocardium before and after hookah smoking.'®?%> The
majority of these studies reported increases in heart rate
and CO after smoking hookah. One controlled study
reported increases in vascular resistance both in the myo-
cardium and the skin.'” There are limited studies in natural-
istic settings, and only one other study that assessed before-
and-after measurements specifically at hookah lounges.?*?’

Our study involved a naturalistic assessment of patrons
attending hookah lounges. Prior to entry and upon exit
from the lounges, the following data were collected:
exhaled CO levels, carboxyhemoglobin, heart rate, Syo,,
and perfusion index. We hypothesized that values for CO
and heart rate would increase and that values for Spo, and
perfusion index would decrease in the measurements after
the visit to the hookah lounge.

Methods

A total of 200 hookah smokers were recruited into this
study at 6 hookah lounges in Tampa, Florida, from January
7 to February 12, 2014. The sample size was a result of the
time spent in the community collecting data. Inclusion cri-
teria consisted of anyone who went into the hookah lounges
to smoke hookah and included individuals who were cur-
rent cigarette smokers. After signing the consent form to
participate in data collection, subjects completed a ques-
tionnaire on their demographics including age, gender, eth-
nicity, cigarette smoking status, and the last time they used
hookah or cigarettes. Additional questions were asked after
the subjects exited the hookah lounge to record the number
of hookahs that were smoked and the number of active
smokers. Other questions included the number of tobacco
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Current knowledge

Young adults view hookah smoking as a social activity,
and this attitude is used to dismiss associated negative
health effects. Acute effects include carbon monoxide
toxicity, cardiovascular strain, and increased risk of in-
fectious disease transmission. Chronic effects include
COPD, cancers, and oral issues.

What this paper contributes to our knowledge

The effects of attending hookah lounges were associ-
ated with increased levels of carbon monoxide and
heart rate in patrons in visits as short as 2 h. Other
changes included a decrease in perfusion and S;0,.

bowls smoked for each hookah, the number of charcoals
used, and whether they had shared the mouthpiece with
others. The questionnaire was exploratory in nature, rather
than a validated instrument. Four field study researchers
were trained in using a Micro® Smokerlyzer (Bedfont
Scientific, Maidstone, United Kingdom) to monitor
exhaled CO and a Masimo SET Rad-57 pulse CO-oxime-
ter (Masimo, Irvine, California). The Micro* Smokerlyzer
devices were calibrated per manufacturer recommenda-
tions prior to use outside the hookah lounges.

Researchers stood outside the hookah lounges and asked
entering patrons if they would participate in a voluntary
research study assessing physiologic measurements and a
questionnaire related to hookah smoking. The researchers
stood in parking lots and on the sidewalks to avoid trespass-
ing. If patrons voluntarily agreed to participate, then the
researchers obtained their measurements and asked them to
return after attending the hookah lounge for their follow-up
measurements. The participants were told they would
receive an incentive of a $20 gift card upon exiting for pro-
viding follow-up data. Heart rate, Syo,, exhaled CO, and
pulse oximetry were obtained twice before patrons entered
the hookah lounge and twice after leaving the hookah
lounge. Additionally, a demographic and behavioral infor-
mation survey was obtained upon exiting to obtain a better
understanding of factors associated with hookah smoking.

The Micro* Smokerlyzer measured the exhaled CO in
ppm and calculated the carboxyhemoglobin levels in the
blood based on the exhaled measurement. Subjects were
advised to take a deep breath and to hold their breath for
15 s. At the end of the 15 s, they exhaled slowly into the
device for recorded measurements. This was repeated
twice before the subjects entered the hookah lounge and
twice after they had terminated smoking for reliability.
The Masimo SET Rad-57 pulse CO-oximeter was used
by placing the subjects’ same finger in the probe to read
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various measurements: heart rate in beats/min, carboxyhe-
moglobin, Spo,, and perfusion index. Measurements were
recorded once the machines stabilized at 1-2 min. There
were 2 measurements recorded for reliability, and the av-
erage of the 2 measurements were used in the data analy-
sis. All measurements were taken with the individuals in a
standing position. This study was approved by the
University of Tampa institutional review board.

Data Analysis

Data were analyzed using SPSS Statistics 25.0 (IBM
Armonk, New York). Descriptive analyses were conducted
and assumptions of statistical tests were confirmed prior to
inferential data analysis. Because most of the data were not
normally distributed, the Wilcoxon signed-rank test was per-
formed for pre- and posttest measurements with the thresh-
old for statistical significance set at P < .05.

Results

There was an equal distribution of male and female sub-
jects with 104 (52%) female hookah smokers and 96 (48%)
male hookah smokers. Subjects were between the ages of
18 and 35 y with a mean *= SD of 21.0 = 2.9 y. The ma-
jority of subjects (117, 58.5%) were White, 39 (19.5%)
were Hispanic/Latino, 20 (10%) patrons were African-
American, 9 (4.5%) patrons were Middle Eastern, 10
(5%) were Asian, and 5 (2.5%) self-reported being multi-
ethnic (Table 1).

Fifty-seven (28.5%) of the subjects were current ciga-
rette smokers, having smoked in the past 30 d, and the
remaining 143 (71.5%) subjects only smoked hookah. Of
the 57 concurrent cigarette smokers, 40 (15%) had smoked
a cigarette in the prior 24 h, with 30 having smoked less
than a half of pack of cigarettes, 6 (3%) smokers having
smoked half a pack to a full pack of cigarettes, 1 (0.5%)
smoker having smoked a pack of cigarettes, and 1 (0.5%)
smoker having smoked a pack and a half of cigarettes in the
prior 24 h. The frequency that patrons reported smoking
hookah was reported as following: 1 (0.5%) smoker was a
daily hookah smoker, 51 (25.5%) smoked at least weekly
but not daily, 75 (37.5%) smoked at least monthly but less
than weekly, 66 (33%) smoked less than monthly, and 7
(3.5%) were smoking hookah for the first time. There were
3 (1.5%) subjects who reported smoking cigarettes during
the hookah session; all 3 of these smokers reported smoking
less than half a pack of cigarettes.

The time patrons spent inside the hookah lounge varied
between 32 and 314 min with a mean = SD of 109.2 *
48.5 min. The total number of charcoals and tobacco bowls
smoked was divided by the number of hookah devices
shared among other smokers to get the number of charcoals
for each hookah. Because some hookah lounges place more

RESPIRATORY CARE ® FEBRUARY 2021 VoL 66 No 2

Table 1.  Demographics and Smoking Characteristics of All Subjects
Gender
Male 96 (48)
Female 104 (52)
Ethnicity
White 117 (58.5)
Hispanic/Latino 39 (19.5)
African-American 20 (10)
Middle Eastern 9 (4.5)
Asian 10 (5)
Multi-ethnic 5(2.5)
Frequency of hookah use
Daily 1(0.5)
At least weekly, but not daily 51(25.5)
At least monthly, but less than weekly 75 (37.5)
Less than monthly 66 (33)
Smoking hookah for the first time 7(@3.5)
Concurrent cigarette use*
Yes 57 (28.5)
No 143 (71.5)
Time since last cigarette
Within past 24 h 40 (20)
More than 24 h ago 17 (8.5)
Cigarettes smoked in past 24 h
<10 30 (15)
<20 6()
20 1 (0.5)
30 1 (0.5)

Data are presented as 7 (%).
* Concurrent cigarette use = smoked in the past 30 d.

than one charcoal on a hookah at a time, there were more
charcoals used than tobacco bowls smoked with a mean =
SD of 2.1 = 1.2 (range 1-8) charcoals and 1.5 = 0.7 (range
1-4) tobacco bowls. Many subjects shared varying numbers
of hookahs with different numbers of hookah smokers, the
number of charcoals was multiplied by the number of hoo-
kahs used for each group and then was divided by the num-
ber of patrons who smoked together. It was estimated that
patrons were each individually exposed to 1.2 = 0.8 char-
coals and 0.9 = 0.5 tobacco bowls.

In the entire sample of subjects (hookah-only and concur-
rent cigarette smokers), the mean CO increased during the
time spent in the hookah lounge from 5.7 ppm to 66.5 ppm
(P < .001), for an absolute increase of 60.9 ppm and a rela-
tive increase of 1,068.4%. The calculated measurement of
carboxyhemoglobin for all hookah smokers increased from
1.5% to 10.6% (P < .001), for an absolute increase of 9.1%
and a relative increase of 606.7.0%. We had measured car-
boxyhemoglobin with pulse oximetry, which indicated that
the mean carboxyhemoglobin increased from 1.4% to 7.2%
(P < .001), for an absolute increase of 6.1% and a relative
increase of 435.7%. The mean heart rate for the subjects
increased from 90.3 beats/min to 94.2 beats/min (P < .001),
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Table 2.  Measurements Among All Hookah Smokers Table 3.  Measurements Among Hookah-Only Smokers
All Hookah Smokers Hookah-Only Smokers
Measurement Measurement
Before Visit  After Visit P Before Visit After Visit P

Exhaled carbon monoxide, ppm 57*63 66.5 =59.8 <.001 Exhaled carbon monoxide, ppm 3.7 %27 61.6 =593  .001
Carboxyhemoglobin, %* 1.5*1.0 10.6 = 8.1 <.001 Carboxyhemoglobin, %* 12£5 9.9 = 8.0 .001
Carboxyhemoglobin, %7 14*1.6 72 %53 <.001 Carboxyhemoglobin, %7 1.2+15 69 *53 .001
Heart rate, beats/min 903 =140 942 *149 < .001 Heart rate, beats/min 88.6 = 13.5 937 = 15.2 .001
Spo,, % 984 = 1.4 97.8 £ 1.9 <.001 Spo,, % 983 * 1.5 97.8 * 1.3 .001
Perfusion index 3124 27*x24 .002 Perfusion index 32*x24 27*x24 .02

Data are presented as mean + SD. N = 200 smokers.
*Data were calculated with the Micro™ Smokerlyzer CO monitor.
FData were measured with a pulse oximeter.

Data are presented as mean * SD. N = 143 hookah-only smokers.
*Data were calculated with the Micro™ Smokerlyzer CO monitor.
fData were measured with a pulse oximeter.

for an absolute increase of 3.8 beats/min and a relative
increase of 4.2%. In contrast, while CO and heart rate
increased in hookah smokers after leaving the lounge, S0,
and perfusion index decreased significantly. Mean S0,
decreased from 98.4% to 97.8% (P < .001), for an absolute
reduction of —-0.4% and a relative reduction of —0.4%.
Similarly, the mean perfusion index decreased from 3.1% to
2.7% (P = .002), for an absolute reduction of —0.4 and a rela-
tive reduction of —12.9% (Table 2).

Among the subjects who were hookah-only users, mean
CO increased during the time spent in the hookah lounge
from 3.7 ppm to 61.6 ppm (P < .001), for an absolute
increase of 57.9 ppm and a relative increase of 1,564.9%.
Comparatively, the calculated measurement of carboxyhe-
moglobin for the hookah-only smokers increased from
1.2% t0 9.9% (P < .001), for an absolute increase of 8.7%
and a relative increase of 725.0%. The measurement of
carboxyhemoglobin with pulse oximetry indicated that the
mean carboxyhemoglobin values increased from 1.2% to
6.9% (P < .001), for an absolute increase of 6.0% and a
relative increase of 500%. The mean heart rate for hoo-
kah-only smokers increased from 88.6 beats/min to 93.7
beats/min (P < .001), for an absolute increase of 5.1
beats/min and a relative increase of 5.8%. Mean Spo,
decreased from 98.3% to 97.8% (P < .001), for an abso-
lute reduction of —0.5% and a relative reduction of —0.5%.
The mean perfusion index decreased from 3.2% to 2.7%
(P = .02), for an absolute reduction of —0.3 and a relative
reduction of —9.4% (Table 3).

In the subset of participants who were concurrent hookah
and cigarette smokers, the mean CO increased from 10.6
ppm to 78.9 ppm (P < .001), for an absolute increase of 68.3
ppm and a relative increase of 644.3%. By comparison to the
calculated measurement of carboxyhemoglobin for dual
users, carboxyhemoglobin increased from 2.3% to 12.5% (P
< .001), for an absolute increase of 10.2% and a relative
increase of 443.5%. The measurement of carboxyhemoglo-
bin with pulse oximetry indicated that the mean carboxyhe-
moglobin increased from 1.9% to 7.9% (P < .001), for an

272

Table 4.
Smokers

Measurement Among Concurrent Hookah and Cigarette

Concurrent Cigarette Smokers

Measurement

Before Visit After Visit P
Exhaled carbon monoxide, ppm 1.6 294 78.9 £59.8  .001
Carboxyhemoglobin, %* 23*15 125 £ 8.1 .001
Carboxyhemoglobin, %7 1.9+19 79 *£52 .001
Heart rate, beats/min 947 = 14.4 954 = 14.2 .83
Spo,, % 98.5 £ 1.1 979 £29 .054
Perfusion index 30x25 24 *+23 .03

Data are presented as mean + SD. N = 57 concurrent hookah and cigarette smokers.
*Data were calculated with the Micro® Smokerlyzer CO monitor.
‘tData were measured with a pulse oximeter.

absolute increase of 6.3% and a relative increase of 331.6%.
Although heart rate increased in dual users, the rate that it
increased was not as high as that in hookah-only smokers.
The mean heart rate for dual users increased from 94.7
beats/min to 95.4 beats/min (P = .83), for an absolute
increase of 0.7 beats/min and a relative increase of 0.7%.
Similar to our previous findings in the entire study sample
and in hookah-only users, Sjo, and perfusion index
decreased in concurrent users as well, from 98.5% to 97.9%
(P = .054), for an absolute reduction of —0.7% and a relative
reduction of —0.7%. The mean perfusion index decreased
from 3.0% to 2.4% (P = .03), for an absolute reduction
of —0.6% and a relative reduction of —20% (Table 4).

Discussion

Our results revealed significant differences in multiple
measurements in individuals after attending a hookah
lounge. Our measurements included heart rate, So,,
exhaled CO, carboxyhemoglobin, and perfusion index. It is
known that smoking traditional cigarettes may contribute to
the increases or decreases in some of these values.
Therefore, we conducted an additional data analysis and
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removed subjects who had not smoked regular cigarettes in
the past 24 h to account for any influence that cigarettes
may have caused on the values. Comparing the literature to
our results, we noted the following differences and similar-
ities. In assessing the hookah-only smokers, heart rate
increased by 5 beats/min, which was less than values found
in 5 other studies, where changes ranged from 6 beats/min
to as much as 22 beats/min.'*?*2"%*% In comparing exhaled
CO levels, we found a 61.6 ppm increase in hookah-only
smokers and a 68.3 ppm increase in concurrent cigarette
smokers. One other study*’ noted an increase of only 8
ppm, while 4 other controlled studies reported increases in
exhaled CO of 19-33.5 ppm.'****® We also assessed Syo,
with a pulse oximeter, finding slight decreases in S;o,,
although these differences were not clinically important.
We also measured perfusion index with the pulse oximeter,
which is a noninvasive way to measure peripheral perfu-
sion. Mean perfusion values dropped slightly. Two studies
in the literature reported increased vascular resistance in
the skin and myocardium,'®*® but we could not find any
studies assessing the perfusion index.

When comparing the entire sample to just those individu-
als who were hookah-only smokers, we noted that cigarette
smoking increased exhaled CO measurements, both before
and after attending the hookah bars. We did not find consid-
erable differences in the perfusion index. The heart rate var-
iability was larger in the full sample size compared to those
individuals who only smoked hookah.

Our study had several strengths and limitations. Two
strengths of our study are the relatively large sample size
and the capture of 2 measurements of each value both
before and after the hookah lounge visit, thereby provid-
ing some reliability to the measured results. Because we
asked subjects about their concurrent cigarette smoking,
we were able to control for this variable in the second
analysis and assess hookah-only smokers. Hookah
lounges vary in size, ventilation, and population; because
we captured data at 6 lounges, our data provides a good
average that could be generalized to other similar areas. In
our study, subjects attended hookah lounges for longer
periods than in some of the controlled studies in the litera-
ture, which allowed values to reach a more stabilized pla-
teau prior to the measurements taken after the lounge
visit. Also, our heart rate measurements were obtained
with a pulse oximeter, allowing time for stabilization.
Unlike controlled studies in artificial settings, hookah
lounges are laden with smoke, which can contribute to
increased amounts of secondhand smoke. Limitations to
our study include the inability to take direct measurements
of carboxyhemoglobin via an arterial blood gas. In addi-
tion, subject values may also have changed because of
behaviors other than hookah smoking while in the lounge
that were not shared with the researchers, thereby limiting
the ability to control for these variables.
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Understanding the effects that hookah lounges play on
these parameters is a health concern not only for individu-
als, but also for public safety. High levels of CO can affect
cognitive functioning and contribute to safety concerns
once a patron leaves a hookah bar and enters the roadway
as a driver. Additionally, when patrons of hookah bars
become ill, hospital emergency rooms should obtain a his-
tory that includes attending hookah lounges, particularly if
the community is highly populated with them and the indi-
vidual is a young adult. This demographic is typically
drawn to social settings such as hookah lounges, especially
when they are located in college campus areas. Future stud-
ies should consider gaining more accurate and complete in-
formation on the hookah charcoal that is used during a visit
to the lounge. Charcoal is believed to account for much of
the CO levels in hookah smoking, and understanding the
number of charcoals may help determine effects. Patrons in
our study could not recall exactly or some were uncertain
of the number of charcoals utilized.

Conclusions

Hookah lounges create an environment that is conducive
to derangements in physiologic functioning, leading to neg-
ative health conditions in patrons. This study provides evi-
dence of rapid increases in CO levels in a very short period
of time and adds to the body of knowledge on this topic.
These levels put individuals at risk of side effects of CO
toxicity. The novelty of this study includes the addition of
collecting the perfusion index and overall data collection in
a naturalistic setting versus a controlled setting. Future
research may consider matched controls for a comparison
study, which may account for variables that we were unable
to measure. Actual pulse rates could be taken to ensure ac-
curacy of heart rate and to compare to the heart rate
obtained with pulse oximeters. This study provided real-
time measurements in a naturalistic setting, which serves to
showcase real evidence of the acute detriment caused by
hookah smoking in lounges. Currently there is limited regu-
lation on hookah lounges. This study provides evidence
that can be leveraged for policy advocacy in instituting
stricter requirements to protect individuals. This study pro-
vides information that respiratory therapists can utilize to
educate people in the community and in classrooms for
incoming practitioners. This research provides respiratory
therapy students an opportunity to educate other college
students on the harms of hookah smoking. Future research
should consider additional research in this area to support
or refute the findings.
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