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ABSTRACT

Objectives To form population-level comparisons of
total smoke volume, tar, carbon monoxide and nicotine
consumed from waterpipe tobacco smoking (WTS)

and cigarette smoking using data from a nationally
representative sample of smokers and non-smokers aged
18-30years.

Methods In March and April 2013, we surveyed a
nationally representative sample of 3254 US young
adults to assess the frequency and volume of WTS and
cigarette smoking. We used Monte Carlo analyses with
5000 repetitions to estimate the proportions of toxicants
originating from WTS and cigarette smoking. Analyses
incorporated survey weights and used recent meta-
analytic data to estimate toxicant exposures associated
with WTS and cigarette smoking.

Results Compared with the additive estimates of WTS
and cigarette smoking combined, 54.9% (95% Cl 37.5%
t0 72.2%) of smoke volume was attributed to WTS. The
proportions of tar attributable to WTS was 20.8% (95%
C16.5% t0 35.2%), carbon monoxide 10.3% (95% Cl
3.3% to 17.3%) and nicotine 2.4% (95% Cl 0.9% to
3.8%).

Conclusions WTS accounted for over half of the
tobacco smoke volume consumed among young US adult
waterpipe and cigarette smokers. Toxicant exposures

to tar, carbon monoxide and nicotine were lower, but
still substantial, for WTS alone compared with WTS and
cigarette smoking. Public health and policy interventions
to reduce harm from tobacco smoking in young US
adults should explicitly address WTS toxicant exposures.

INTRODUCTION

Waterpipe tobacco smoking (WTS) is an ancient
practice rooted in the Indian subcontinent and
the Eastern Mediterranean Region,' * but it has
rapidly spread to the USA and other Western
countries.> * Many factors contribute to this trend,
including compelling flavourings,” misperceptions
about safety,’ social acceptability®” and permissive
policies.®’

Known colloquially as ‘hookah smoking’, WTS is
particularly popular among young adults. Approx-
imately 5%-10% of US young adults are current
waterpipe tobacco users (having taken at least one
puff in the past 30 days),'® ' 209%-30% are past-
year users (having taken at least one puff in the past
year)'> ¥ and 25%-40%"* " report lifetime use
(having taken at least one puff ever). In longitudinal

studies, 13%-23% of first and second year college
students report initiating WTS'® '7; however, young
adults not in college also report substantial use.'* '*

WTS is described as less irritating compared with
cigarette smoking.'” However, compared with a
single cigarette, one 45 min WTS session is asso-
ciated with exposure to higher levels of toxicants
such as tar, carbon monoxide and nicotine.”* *!
Furthermore, a typical 1hour WTS session results
in approximately 100-200 times the smoke volume
inhaled from a single cigarette.”> Additionally, WTS
has been associated with negative health outcomes,
such as respiratory and cardiac disease®*” and
dependence.”®

The majority of waterpipe users in the USA who
report current WTS are not daily users.’® 27!
Whereas a heavy cigarette smoker may consume
20 cigarettes per day, heavy WTS may involve
2-3 sessions per day.>?** Compared with cigarette
smoking, WTS experimentation seems less likely
to result in long-term, regular use.** * Therefore,
WTS may add only a marginal amount to the
overall population-level toxicant load thought to
be primarily from cigarette smoking. If this is the
case, the thrust of public health and policy-related
interventions should remain squarely on cigarette
smoking. In contrast, if the toxicant load from WTS
is detectable, then future tobacco reduction inter-
ventions should be modified accordingly.

A prior study used a cross-sectional, popula-
tion-level model to investigate toxicant exposure
among adolescents in the Eastern Mediterranean
Region.*> We sought to extend this research by
comparing the smoke volume, tar, carbon monoxide
and nicotine consumed from WTS and cigarette
smoking among young adults in the US population.
To quantify relevant toxicant exposures, we lever-
aged nationally representative self-reported tobacco
use data and recent meta-analytic estimates of WTS
and cigarette smoking toxicant exposures.?’

METHODS

Participants and procedures

Participants were recruited with the assistance of a
survey research company, Growth from Knowledge
(GfK).*® GfK developed its panel using a combi-
nation of random digit dialling and address-based
sampling, increasing its sampling frame to an esti-
mated 97% of US houscholds. Members of this
panel of 50 000 individuals over the age of 18 years
are randomly selected to participate in online
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surveys. Surveys are completed on the participants’ personal
computers, which are provided, along with internet access, by
GIK if needed. Participants maintain a limited tenure on the
panel in order to reduce the risk of becoming jaded to surveys.

We commissioned GfK to survey approximately 3000
adults aged 18-30 years old. The online survey was sent to a
randomly selected sample of panel members in March 2013 and
was active for a 1-month period. Eligibility criteria included
status as a non-institutionalised, US adult aged 18-30years.
Smoking status was not considered for participant eligibility.
Participants received $10 for survey completion. This study was
granted a Certificate of Confidentiality from the National Insti-
tutes of Health.

Measures

Waterpipe tobacco smoking

All items asking about WTS referred to a waterpipe as a ‘hookah’,
the term most commonly used among US young adults. Instruc-
tions preceding all WTS use items instructed the respondents to
answer only about tobacco (with the word ‘tobacco’ underlined).
To estimate WTS over the past month, we first asked partici-
pants to quantify how many of the past 30 days they smoked
tobacco from a hookah. For those responding affirmatively to
having smoked tobacco from a hookah in the past 30 days, we
asked them to estimate how many times they smoked from a
hookah on the last day they smoked. Finally, we asked them to
estimate how many ‘heads’ (also known as ‘bowls’) of tobacco
they consumed during their most recent WTS session. These
three pieces of data were multiplied to generate an estimated
number of bowls consumed over the past month. Additionally,
we calculated the proportion of dual users—individuals who
had engaged in both WTS and cigarette smoking—in the past
30 days.

Cigarette smoking

We asked participants to estimate how many of the past 30 days
they smoked cigarettes. Participants who had smoked at least
once in the past 30 days were asked how many cigarettes they
smoked on the last day they smoked. Similar to other research,*
several assumptions about cigarette smoking behaviour were
made, including that participants did not share cigarettes, that
participants smoked ‘regular’ cigarettes that were not consid-
ered ‘light’ or ‘unfiltered’ and that participants smoked the
entire cigarette. We multiplied the number of days smoked times
the number of cigarettes smoked each day to estimate the total
number of cigarettes smoked over the past 30 days.

Data quality checks screened for individuals with results that
were not feasible in terms of number of hookah bowls and/or
cigarettes in a given day. For example, we lowered individuals’
last-day estimate to 18 for WTS, which we defined a priori as the
maximum feasible number of bowls in 1day. We arrived at this
number—conservatively assuming participants had a maximum
of 18 waking hours—estimating a smoking rate of 1 bowl per
hour. Because the largest reported daily cigarette value was 50,
no cigarette data were deemed unfeasible.

Toxicant exposure from waterpipe and cigarette tobacco smoking

To estimate population-level toxicant exposures from WTS and
cigarette smoking, we used point estimates and 95% Cls derived
from a meta-analysis published in 2016.%° This report pooled
data from 17 studies culled from seven biomedical bibliographic
databases for controlled laboratory or natural environment
studies designed to mimic human tobacco consumption. All

included studies quantified the mainstream smoke of a single
cigarette and/or single WTS bowl for smoke volume, tar, carbon
monoxide and nicotine, measured in litres for smoke volume
and milligrams for the others. While smoke volume is not a toxi-
cant itself, it does represent a relevant measurement of expo-
sure to toxicants that can be used to compare a typical WTS and
cigarette smoking session. For WTS, the pooled estimates and
95% ClIs of smoke volume is 74.1 (38.2 to 110.0), tar 619.0
(244.0 to 994.0), carbon monoxide 192.0 (77.5 to 307.0) and
nicotine 4.1 (2.7 to 5.4). For a cigarette, smoke volume is 0.6
(0.5 to 0.7), tar 24.5 (15.5 to 33.6), carbon monoxide 17.7
(16.6 to 19.9) and nicotine 1.8 (1.3 to 2.3).

Methods of analysis

Using our primary data on cigarette and waterpipe smoking
collected in March and April 2013, and survey weights provided
by GfK, we calculated the number of cigarettes and the number
of waterpipe bowls consumed by the entire population. Survey
weights were constructed based on demographic benchmark
distributions and included sex, age, race/ethnicity, education,
household income, census region, metropolitan area and internet
access before the study began. These weights were applied to
adjust for any non-response, non-coverage and undersampling
or oversampling due to study design.*® Because these values were
based on a sample of 3254 individuals and not on the entire
population, we also calculated the SE of the mean (SEM) around
the mean values for cigarettes and waterpipe bowls consumed to
include in Monte Carlo analyses.

We conducted four Monte Carlo analyses, each of which
had 5000 repetitions. There was one analysis for each of the
outcomes of interest (smoke volume, tar, carbon monoxide and
nicotine). Each analysis generated an estimated total volume
of each outcome of interest from waterpipes and from ciga-
rettes. The waterpipe estimate was generated by multiplying
the number of waterpipes smoked (varied by the SEM) by the
average toxicant per waterpipe bowl according to the meta-ana-
lytic data (varied by the SD from the meta-analysis*®). Similarly,
the cigarette estimate was generated by multiplying the number
of cigarettes smoked (varied by the SEM) by the average toxi-
cant per cigarette according to the meta-analytic data (varied by
the SD from the meta-analysis®®). We then divided total water-
pipe toxicant by the sum of total waterpipe and total cigarette
toxicant for each repetition to estimate the proportion attribut-
able to waterpipe. We used the resulting set of 5000 estimated
proportions to generate a mean proportion for waterpipes and
its 95% CI.

We then conducted four sets of subgroup analyses to examine
if any one group bears a greater toxicant burden. First, we strat-
ified participants by single versus dual use and conducted the
Monte Carlo analyses using adjusted means and SEMs for each
group. Single users reported having engaged in either WTS
or cigarette smoking in the past 30 days, whereas dual users
reported engaging in both. We chose these analyses because total
toxicant exposure derived from dual users has been found to be
substantially greater than from single users.*® Next, we stratified
participants by sex (female or male), race/ethnicity (White or
non-Hispanic/other), and household income (low or medium/
high) and repeated the analyses.

Finally, we conducted four sets of sensitivity analyses to
address areas of potential bias and examine the robustness of
our results. Using the entire sample of participants, we varied the
parameter of bowls consumed in the past 30 days—increasing
and decreasing it by 10% and 20%. We chose these parameters
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Table 1 Comparison of weighted baseline respondent sociodemographic characteristics stratified by waterpipe and cigarette tobacco smoking in
the past 30 days*
Waterpipe smoking within 30 days (%) Cigarette smoking within 30 days (%)

Sociodemographic characteristics Proportion of sample (%) Yes (n=210) No (n=3044) Yes (n=762) No (n=2492)
Sex, female 51.0 51.2 51.0 50.7 51.1
Age (years)t

18-20 21.7 36.6 20.9 16.8 23.2

21-23 239 26.1 23.7 23.0 241

24-26 22.8 24.9 22.7 27.8 213

27-30 31.7 12.4 32.7 323 315
Race and ethnicity§

White, non-Hispanic 57.5 55.1 57.6 58.2 57.3

Black, non-Hispanic 13.2 9.6 13.4 13.9 13.0

Hispanic 203 26.4 20.0 221 19.8

Other, non-Hispanic 9.0 8.9 9.0 5.8 10.0
Educational levelt

High school or less 39.4 38.7 39.4 52.9 353

Some college 38.5 46.3 38.0 36.4 39.1

Bachelor’s degree or higher 222 15.0 22.6 10.7 25.7
Household incomet

Under $30000 19.5 23.6 193 27.8 17.0

$30 000-$74999 33.6 34.9 335 37.4 324

$75000 and above 46.9 41.5 47.2 34.8 50.6

*Percentage totals may not equal 100 due to rounding. For more information on unweighted data, see table 1 in the online supplementary appendix.
tIndicates a significant difference between respondents who smoked waterpipe within the past 30 days and those who did not. Significance determined by ¥ tests and a p

value <0.05.

fIndicates a significant difference between respondents who smoked a cigarette(s) within the past 30 days and those who did not. Significance determined by y? tests and a p

value <0.05.

§Race and ethnic groups were self-reported; the category ‘Other, non-Hispanic includes those who self-identified as multiracial.

to account for potential variation in several variables that may
affect toxicant exposure but were not assessed in this study
(table 4). For example, we chose to use a standard session
length of 45-60 min because of prior data suggesting these aver-
ages.””™? This sensitivity analysis accounts for potential vari-
ations in session lengths, ranging from a few puffs over short
sessions to longer sessions in lounges or during holidays, as well
as the number, type and size of charcoal used during the WTS
session.*® ***2 Furthermore, this sensitivity analysis allowed us
to account for toxicant exposure for individuals who partici-
pated in WTS alone—or in a group—a factor that has shown
differential results in recent research depending on the toxicant
measured.*’

Descriptive analyses were conducted using Stata Statistical
Software, (StataCorp) and Monte Carlo analyses were conducted
using Microsoft Excel.¥

RESULTS

Survey sample

The survey was sent to a random sample of panel participants
until 3468 individuals accepted the invitation, because it was
estimated that this number of eligible individuals would result in
our goal of at least 3000 completions. The completion rate was
stronger than hoped, with 3254 (94%) successfully completing
the survey within the allotted time frame. Our unweighted
sample was 63.0% female, 10.1% African-American and 17.5%
Hispanic/Latino. Mean age was 23.8 years (SD=3.4). Other
demographic details, including a description of the weighted
sample, are provided in online supplementary appendix and
table 1.

WTS and cigarette smoking

When incorporating survey weights, WTS was reported by 5.1%
of participants in the past 30 days. The majority of those partic-
ipants reported having smoked one session on the last day they
smoked tobacco from a waterpipe and one bowl at the most
recent session (85.5% and 69.8%, respectively). Results from
16 individuals were deemed as unfeasible in terms of reported
WTS. For example, after multiplying the number of sessions by
the number of bowls, one individual claimed to have smoked 32
bowls on the most recent smoking day. Approximately 3% of
the sample reported dual use of both WTS and cigarettes in the
past 30 days. Among all participants, the mean number of bowls
smoked in the past 30 days was 0.43, and among dual users, the
mean was 7.3.

Cigarette smoking was reported by 23.4% of participants
in the past 30 days. About half (53.5%) of these individuals
reported smoking on more than 20 of the past 30 days. Almost
half (45.4%) of those who had smoked in the past 30 days
reported smoking three or fewer cigarettes on each day that they
smoked, and about a quarter (27.7%) of participants reported
smoking 10 or more cigarettes on each day that they smoked.
Among all participants, the mean number of cigarettes smoked
in the past 30 days was 41.2, and among dual users, the mean
was 111.7. Complete estimates of mean WTS bowls and ciga-
rettes smoked in the past 30 days by sociodemographic charac-
teristic are reported in table 2.

Toxicant exposure
Based on Monte Carlo analyses using weighted sample data, the
mean past 30day volume of smoke, tar, carbon monoxide and
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Table 2 Total waterpipe and cigarette tobacco smoking in the past
30 days according to sociodemographic characteristics*

Mean waterpipe Mean cigarettes

Sociodemographic Percentage bowls smoked in  smoked in the
characteristics of sample  the past 30days past 30days
All participants 100.0 0.43 41.22
Dual userst 2.7 7.26 111.74
Sex
Female 51.0 0.38 37.55
Male 49.0 0.49 45.04
Age (years)#§
18-20 21.7 0.59 19.39
21-23 239 0.78 33.43
24-26 22.8 0.43 52.64
27-30 31.7 0.07 53.82
Race and ethnicity+9|
White, non-Hispanic 57.5 0.37 46.94
Black, non-Hispanic 13.2 0.08 35.94
Hispanic 203 0.48 35.00
Other, non-Hispanic 9.0 1.21 26.45
Educational levelt§
High school or less 39.4 0.49 65.23
Some college 385 0.58 36.49
Bachelor's degree or 22.2 0.08 6.74
higher
Household income§
Under $30000 19.5 0.56 73.88
$30 000-$74999 33.6 0.37 40.40
$75000 and above 46.9 0.43 28.20

*Data represent weighted estimates.

tDual users are defined as individuals who engaged in both WTS and cigarette
smoking in the past 30 days.

tIndicates a significant association between the sociodemographic variable
and mean waterpipe bowls smoked in the past year. Significance determined by
regression analyses and a p value <0.05.

§Indicates a significant association between the sociodemographic variable and
mean cigarettes smoked in the past year. Significance determined by regression
analyses and a p value <0.05.

9IRace and ethnic groups were self-reported; the category ‘Other, non-Hispanic
includes multiracial.

WTS, waterpipe tobacco smoking.

nicotine originating from WTS was 31.8L, 264.8 mg, 84.5mg
and 1.8 mg, respectively. For cigarettes, the volume of smoke,
tar, carbon monoxide and nicotine was 24.7L, 1007.1mg,
727.9mg and 74.6 mg, respectively. The proportion of smoke
volume originating from waterpipes versus the additive exposure
from waterpipes plus cigarettes was 54.9% (95% CI 37.5% to
72.2%). The proportions of tar, carbon monoxide and nicotine
originating from waterpipes versus waterpipes plus cigarettes

were 20.8% (95% CI 6.5% to 35.2%), 10.3% (95% CI 3.3% to
17.3%) and 2.4% (95% CI 0.9% to 3.8%), respectively (table 3).
Among dual users, the proportions of tar, carbon monoxide
and nicotine originating from waterpipes versus both waterpipes
and cigarettes were 88.1% (95% CI 79.2% to 97.0%), 60.7%
(95% CI 37.4% to 84.0%), 13.5% (95% CI 4.6% to 22.3%)
and 40.4% (95% CI 19.3% to 61.5%), respectively, whereas
among single users of either WTS or cigarettes, the respective
proportions attributable to WTS were 41.2% (95% CI 19.9% to
62.4%), 13.5% (95% CI 1.7% to 25.3%), 1.4% (95% CI 0.3%
to 2.6%) and 6.2% (95% CI 0.8% to 11.7%). The proportions
of toxicant exposures attributable to WTS were similar among
females and males, white, non-Hispanic and individuals of other
race and ethnicity, as well as by household income (table 4).

Sensitivity analyses

When we varied the average number of bowls consumed over
the past 30 days by increases and decreases of 10% and 20%, the
proportion originating from waterpipes versus both waterpipes
and cigarettes ranged from 51.1% to 60.5% for smoke volume,
18.6% to 25.1% for tar, 2.0% to 3.0% for nicotine and 8.8%
to 12.49% for carbon monoxide. Complete data from sensitivity
analyses is presented in table 4.

DISCUSSION

Combining self-reported frequency and quantity of tobacco
consumption information with meta-analytic estimates of the
toxicant loads associated with two common types of tobacco
smoking, we found WTS was responsible for 54.9% of smoke,
20.9% of tar, 10.3% of carbon monoxide and 2.4% of nico-
tine consumed in the past 30 days by a nationally representative
cohort of young adults aged 18-30 years.

Our findings are consistent with those of a prior model devel-
oped by Jawad and Roderick in several ways.** For example, we
found that dual users of both WTS and cigarettes (3% of our
sample) contribute substantially more to total toxicant load than
single users. This is consistent with Jawad and Roderick’s find-
ings that demonstrated that dual users smoke more frequently
and intensely than single users. Additionally, we estimated ciga-
rette use based on the assumption that participants smoked
the entire cigarette and did not share it. Similarly, Jawad and
Roderick based their model on the assumptions that all ciga-
rette users smoked with the same intensity and duration and did
not share their cigarettes with others. However, our findings
also differ and extend those of this prior model. For example,
we modelled toxicant exposure among US young adults aged
18-30 years. Jawad and Roderick focused on EMR adolescents
aged 12-17 years. Furthermore, we sought to provide a starting
point for modelling population-level toxicant exposure, as many
parameters involved in WTS are still unknown among US popu-
lations. Jawad and Roderick, given more extensive research on

Table 3 Average past 30-day estimates of toxicant exposures attributable to waterpipe tobacco smoking (WTS) and cigarette smoking among US

adults aged 18-30years

Cigarette smoking* Proportion attributable to WTSt

Toxicant WTS*

Smoke volume, L 31.78 (10.54)
Tar, mg 264.83 (102.71)
Carbon monoxide, mg 84.54 (31.56)
Nicotine, mg 1.77 (0.48)

24.67 (2.50) 54.87 (37.54 to 72.20)
1007.13 (199.52) 20.83 (6.47 to0 35.18)
727.85 (61.66) 10.33 (3.34 t0 17.33)

74.58 (11.54) 2.36 (0.91 t0 3.82)

*Means and SD derived from Monte Carlo analyses with 5000 repetitions.
195% Cls constructed using SD from 5000 repetitions.
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Table 4 Proportion of past 30-day toxicant exposures attributed to waterpipe tobacco smoking varied by population and bowl parameters

Parameter Smoke volume* Tar* Carbon monoxide* Nicotine*
Population
All 549 (37.51t0 72.2) 20.8 (6.5 t0 35.2) 10.3(3.3t017.3) 2.4(0.9t03.8)
Single userst 41.2 (19.910 62.4) 13.5(1.7 t0 25.3) 6.2 (0.81t011.7) 1.4 (0.3 t02.6)
Dual userst 88.1(79.2 10 97.0) 60.7 (37.4 to 84.0) 40.4 (19.3 to 61.5) 13.5 (4.6 t0 22.3)
Sex
Female 53.9(34.91072.9) 20.1 (5.1 to 35.1) 9.9(2.51t017.2) 2.3(0.7t09.9)
Male 54.5 (28.8 t0 80.2) 21.3 (3.8 10 38.8) 10.5 (1.4 to 19.6) 2.5(0.3t0 4.6)
Race and ethnicity§
White, non-Hispanic 48.2 (30.7 to 65.8) 16.8 (4.8 t0 28.8) 7.8(2.2t013.4) 1.8 (0.7 to 3.0)
Other 61.6 (33.3 10 89.9) 26.8 (4.9 to0 48.6) 13.8 (1.6 t0 26.0) 3.4(0.4106.5)

Household income
Under $30 000)
$30000 and above

WTS bowls
20% increase
10% increase
10% decrease

20% decrease

47.0 (27.7 t0 66.3)
57.6 (37.7 t0 77.6)

60.5 (43.6 to 77.4)
58.8 (41.7 t0 75.8)
53.8 (36.4 to 71.1)

51.1 (34.4 10 67.8)

16.1 (3.5 t0 28.6)
23.2 (6.6 t0 39.7)

25.1 (9.1 t0 41.2)
23.6 (8.4t038.9)
20.0 (6.2 to0 33.8)

18.6 (6.2 t0 31.0)

75(1.71t013.4)
11.4 (2.9 0 19.9)

12.4 (4.1 10 20.7)
11.6 (3.8 t0 19.4)
9.6 (3.2 to 16.0)

8.8(2.81t014.8)

1.7(0.5t0 7.5)
2.7(0.81t04.7)

30(1.2t04.8
28(1.1t04.4
2.3(0.9t03.6

)
)
)
2.0(0.8t03.3)

*Data represent proportions and 95% Cls based on Monte Carlo analyses with 5000 repetitions.

tSingle users are defined as individuals who engaged in either WTS or cigarette smoking in the past 30 days.

+Dual users are defined as individuals who engaged in both WTS and cigarette smoking in the past 30 days.

§Race and ethnic groups were self-reported; the category ‘Other” includes black, non-Hispanic, Hispanic and multiracial.

their particular population of interest, were able to categorise
WTS behaviours more finely. Finally, our model defined toxicant
load using smoke volume, tar, carbon monoxide and nicotine,
whereas the prior model quantified toxicant load derived from
WTS and cigarettes using a more extensive decomposition of
carcinogens specifically.*

It is interesting to note that, despite these differences in meth-
odology, the results from both studies are quite consistent, which
attests to the robustness of results of both the current and the
prior study. The one exception, however, came with regard to
carbon monoxide: while Jawad et al found that as much as 73%
of carbon monoxide exposure could be attributed to waterpipes,
our figure of about 10% was much lower. One possible expla-
nation for this difference is that Jawad focused on youth ages
13-15 years in the Eastern Mediterranean Region, whereas we
used a nationally representative US sample of young adults ages
18-30 years. Because waterpipe use has increased in the USA
even in the past several years since these data were collected in
2013," " it is possible that the proportion of carbon monoxide
attributed to waterpipes in the USA may increase over time.

Jawad and Roderick®® accounted for sharing of bowls by dividing
the amount of estimated toxicant by the number of individuals
sharing, which we did not do. However, new research from Raméa
et al* suggests that when individuals share a bowl—compared with
smoking alone—it is unclear to what extent they may be exposed
to more or less toxicant. For example, in that study, singletons
were exposed to 1.67mg of nicotine per waterpipe, while each
member of a dyad was exposed to 1.31mg (2.63 mg for both indi-
viduals combined). However, these findings suggest that exposure
to individuals in dyads was higher than would be expected based
on simple division; if those smoking in dyads are exposed to half
of the nicotine of those smoking in singletons, we would expect
0.84 mg of exposure, not 1.31mg of exposure. In addition, other
results from the Ramoa et al’s study actually suggest that individuals
may be exposed to more of certain toxicants when they smoke in
dyads versus singletons. For example, plasma nicotine was actually

greater among those smoking in dyads versus singletons (14.9
mL vs 10.0ng/mL).** The explanation for this seemingly counter-
intuitive result is that, when individuals share, the coals remain hot
throughout the session, releasing relatively more toxicant. There-
fore, because of the multifaceted results of the Ramda et al’s study,
it will be valuable to continue to study implications of waterpipe
sharing for modelling of total exposure.

While toxicant load comparisons are often made between one
WTS session and a single cigarette, the volume of smoke inhaled
during one WTS session is substantially higher than a single ciga-
rette. Smoking topography studies suggest that smoking one ciga-
rette involves about 10-12 puffs of 50mL each, while smoking
one 45-60min hookah session can involve 100 inhalations of
about 500mL each per individual.** * The effect of cooling the
products of combustion with water, flavourings and sweetening all
facilitate taking more numerous and deeper puffs.*® This amount
of total smoke inhalation from just one 45-60 min hookah session
is concerning, because smoke contains many different potentially
harmful combustion products. However, because the smoke from
WTS is likely less concentrated than smoke from a cigarette, the
practicality of this comparison is uncertain.

Compared with the other toxicants, the proportion of nicotine
coming from waterpipes was lower. Nevertheless, even small expo-
sures to nicotine have been associated with the development of
addiction, especially in young people.”® Additionally, initial use of
waterpipe tobacco has been associated with subsequent transition
to cigarette smoking.?” Finally, while inhaled nicotine concentra-
tions have been found to be relatively low,* in vivo nicotine and
cotinine levels have been relatively higher.* * Thus, even these
relatively small proportions of inhaled nicotine attributable to
WTS are of concern. It may be valuable for future studies—once
sufficient data are available—to examine in vivo nicotine associated
with WTS use. Similarly, when more data are available, it will be
valuable for future studies to assess other specific toxicants such
as heavy metals and polycyclic aromatic hydrocarbons, for which
there were insufficient data at this point.*
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These findings suggest that important modifications in tobacco
surveillance and prevention programmes are warranted. For
example, although some large-scale studies such as the National
College Health Assessment and the Monitoring the Future
Study recently added items assessing WTS, others have not yet
included WTS items. In particular, the recently released 2017
Youth Risk Behavior Surveillance Survey System Questionnaire
asks about use of alternative nicotine and tobacco products such
as chewing tobacco and electronic cigarettes, but it does not
address WTS. Similarly, it will be valuable to update prevention
curricula®® and practice guidelines for cessation’' targeted at
youth and young adults in the area of tobacco control, as they
are often designed based on literature that focuses on cigarette
smoking.’**’

Continued policy reform will be valuable for prevention of
WTS.3*%¢ For example, while national laws ban flavouring of
cigarettes, these laws do not ban flavouring of shisha, the special
form of tobacco used in a waterpipe. Thus, waterpipe users
can consume tobacco in flavours such as chocolate and cotton
candy, which is particularly relevant for efforts to reduce initi-
ation among teens and young adults; 89% of adolescents who
use WTS use flavoured tobacco.’” While the Food and Drug
Administration recently finalised a rule extending its authority
to include the regulation of WTS, there are no current plans to
change policy related to flavourings.’® Several Canadian prov-
inces have banned flavoured tobacco products, targeting ciga-
rettes and cigars, but not WTS tobacco.’” It will be important
to continue to develop and implement improved policies that
dissuade use of and exposure to all types of tobacco.

Limitations

To conduct this analysis, we relied on meta-analytic data
comparing toxicant exposures originating from waterpipes
and cigarettes. While meta-analysis provides more robust esti-
mates than a single study, limitations of that former study could
affect our findings. For example, the meta-analysis used in this
study included only those studies published as of April 2013;
however, studies published since then either would not have
met inclusion criteria or have had results consistent with earlier
studies.®’ °! Additionally, the majority of studies measured WTS
from a single user, therefore not capturing the effects of sharing
or more realistic scenarios.”’ However, a recent study suggests
that the influence of sharing on toxicant load is unclear.*’ Simi-
larly, participants likely experienced variation in WTS session
length. However, we attempted to address this variation by
conducting sensitivity analyses the accounted for both increases
and decreases in bowls consumed.

A third limitation is that we only considered cigarettes and
waterpipes in our analysis and did not also estimate exposure to
inhaled toxicants from cigars or e-cigarettes. While currently esti-
mates of toxicant exposure from these other forms of tobacco and
nicotine use are scant or conflicting,*** future research studies
should include other forms of tobacco and nicotine when calcu-
lating population-level exposure to obtain a more comprehensive
estimate. Similarly, it may be valuable for future studies to include
herbal waterpipe use, which can be associated with significant toxi-
cant exposure’; because we focused only on waterpipe use with
tobacco, we may have underestimated total exposures.

The Monte Carlo analyses produced relatively large Cls
around our toxicant proportions, which may be due to issues
with model precision or variation in our population. However,
even considering the Cls, the estimates still provide data of
value when considering possible intervention and/or future

surveillance. Future studies validating our model will be benefi-
cial to assess stability and precision.

Because our primary data were collected in the spring of
2013, responses may overestimate or underestimate WTS use
throughout the calendar year.'” However, we conducted several
sets of sensitivity analyses varying consumption to account for
potential bias in our data collection. It may prove valuable to
validate our model in future studies, for example, using data
from other times during the year.

CONCLUSION

Our population-level analysis of a nationally representative
cohort of young US adults found that when waterpipes and
cigarettes were directly compared, WTS accounted for more
than half of the tobacco smoke volume exposure. This was true
despite the fact that many WTS users tend to smoke relatively
infrequently. Toxicant exposures to tar, carbon monoxide and
nicotine were lower, yet substantial, for WTS alone compared
with WTS and cigarette smoking. Therefore, it is imperative
that public health and policy interventions to reduce tobacco
smoking in young US adults explicitly address the substantial
WTS toxicant exposure among young adults.

What this paper adds

» In the USA, waterpipe tobacco smoking (WTS) rates are
increasing and cigarette smoking rates are decreasing,
especially among young adults.

» Although even a single WTS session is associated with
exposure to high levels of toxicants, use is often intermittent
compared with cigarette smoking.

» The relative contributions of these two forms of tobacco use
to population-level total toxicant load are unknown.

» When we combined meta-analytic estimates of toxicant loads
from a single WTS session and from a single cigarette with
nationally representative estimates of past 30-day use, 54.9%
(95% Cl 37.5% to 72.2%) of smoke volume consumed by
adults aged 18-30years was attributed to WTS.

» The proportions of tar, carbon monoxide and nicotine
attributable to WTS were 20.8% (95% Cl 6.5% to 35.2%),
10.3% (95% Cl 3.3% to 17.3%) and 2.4% (95% Cl 0.9% to
3.8%), respectively.
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