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ABSTRACT

Introduction One possible reason for the rapid
proliferation of waterpipe (WP) smoking is the pervasive
use of flavoured WP tobacco. To begin to understand
the impact of WP tobacco flavours, the current study
examined the impact of a preferred WP tobacco flavour
compared with a non-preferred tobacco flavoured
control on user’s smoking behaviour, toxicant exposure
and subjective smoking experience.

Method Thirty-six current WP smokers completed

two, 45-minute ad libitum smoking sessions (preferred
flavour vs non-preferred tobacco flavour control) in a
randomised cross-over design. Participants completed
survey questionnaires assessing subjective smoking
experience, exhaled carbon monoxide (eCO) testing, and
provided blood samples for monitoring plasma nicotine.
WP smoking topography was measured continuously
throughout the smoking session.

Results While participants reported an enhanced
subjective smoking experience including greater interest
in continued use, greater pleasure derived from smoking,
increased liking and enjoyment, and willingness to
continue use after smoking their preferred WP tobacco
flavour (p values <0.05), no significant differences

were observed in nicotine and carbon monoxide boost
between flavour preparations. Greater average puff
volume (p=0.018) was observed during the non-
preferred flavour session. While not significant, measures
of flow rate, interpuff interval (IPI), and total number

of puffs were trending towards significance (p values
<0.10), with decreased IPI and greater total number of
puffs during the preferred flavour session.

Discussion The current study is the first to examine
flavours in WP smoking by measuring preferred versus
control preparations to understand the impact on
subjective experience, smoking behaviour and toxicant
exposure. The pattern of results suggests that even this
relatively minor manipulation resulted in significant
changes in subjective experience. These results indicate
a possible need for regulations restricting flavours in WP
tobacco as with combustible cigarettes.

Waterpipe (WP) smoking, also known as shisha,
narghile and hookah, is proliferating in the USA
and internationally.! * From 2011 to 2014, WP
smoking rates among emerging adults more than
doubled while cigarette smoking rates decreased.'
Some research suggests WP smoking has overtaken
cigarettes as the most frequently tried tobacco
product among young adults® with college student
ever use rates between 30% and 50%.7 WP

smoking lounges are likely to be placed close to
college campuses and may be marketing specifically
to this young adult population.® Unfortunately, WP
smoking is associated with many of the same toxi-
cants and health effects as cigarette smoking.” "

WP smoking is likely increasing for a number
of reasons, including the pervasive belief that WP
smoking is safe, particularly compared with ciga-
rette smoking. Research suggests both WP smokers
and non-smokers believe WP smoking is safer than
cigarette smoking.® '® Additionally, flavourants in
the WP tobacco have likely played an important
role in the propagation of WP smoking'” and the
misbelief regarding the safety of WP smoking.'®
Smokers incorrectly report that compared with
unflavoured tobacco, the ‘fruit flavor makes it less
harmful’."”’

The majority of WP smokers report using
flavoured tobacco?® and smokers emphasise the
importance of flavours in WP smoking.!” In qualita-
tive research, participants state that flavours in WP
tobacco led to their initiation of WP smoking and
increased the enjoyment associated with smoking,
leading them to continue smoking WP’

Regulatory bodies, including the US Food and
Drug Administration (FDA), have expressed concern
regarding the role of flavours and proposed regula-
tions of WP tobacco. Moreover, flavours in tobacco
cigarettes were banned by the FDA due to research
indicating their role in smoking initiation and main-
tenance. However, WP tobacco was not included
in the Family Smoking Prevention and Tobacco
Control Act in 2009 and has therefore enjoyed an
unregulated market. In the FDA’'s new deeming
regulation,”” WP is regulated under the Tobacco
Control Act. This deeming rule precludes the sale
of WP tobacco to individuals <18 years old and
requires warning labels on WP tobacco; however,
the FDA has not yet set restrictions on flavours in
WP tobacco. While no experimental research has
examined systematically the role of flavours in WP
smoking, the cigarette and cigar literature impli-
cate flavourants in initiation and maintenance of
smoking. Specifically, flavours in tobacco have been
shown to target youth and young adults and influ-
ence smoking initiation by appealing to naive and
younger smokers.?’ 2?7 Flavours have also been
shown to make smoking easier and more enjoyable,
increasing initiation and smoking maintenance via
increased nicotine dependence.”® ¥ In addition,
smokers report flavours are an important part of
their continued tobacco use and that flavours make
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smoking more satisfying.>’*! However, no research has explored
experimentally the impact of flavours in WP tobacco smoking.

Given the importance and impact of flavours in cigarette
smoking, experimental research examining the role of flavours in
WP smoking is needed urgently. The current study is an important
first step and examined users’ (1) WP smoking behaviours/topog-
raphy, (2) exposure to toxicants such as carbon monoxide and
nicotine, and (3) subjective smoking experience while smoking
a preferred flavour WP tobacco compared with a non-preferred,
tobacco-flavoured control. It was hypothesised that smoking the
preferred flavour preparation would be associated with increased
puff time, puff duration, flow rate, total number of puffs, total
inhaled volume, maximum puff volume, and decreased interpuff
interval (IPI), resulting in increased nicotine uptake and smoke
exposure. It was also hypothesised that preferred flavour WP
tobacco would be associated with an overall enhanced smoking
experience, including greater interest in future use, compared with
the control flavour.

METHOD

Sample

Participants were 36 current WP smokers recruited from a major
metropolitan area via flyers, word of mouth and online adver-
tisements (eg, Craigslist) from June to December 2015. Potential
participants were screened for eligibility via telephone using the
following eligibility criteria: (1) intended to smoke WP in the next
6 months, (2) were current WP smokers as indicated by smoking
WP =1 time in the past month,** (3) were =18 years old, (4) spoke
and understood English, (5) denied current or past chronic health
issues (eg, cystic fibrosis, chronic obstructive pulmonary disease,
asthma, lung or heart disease) and (6) were not currently preg-
nant or breastfeeding or had plans of becoming pregnant or begin-
ning breastfeeding at any point during the study. All participants
completed written informed consent procedures.

Laboratory procedures

The current study used a randomised cross-over design in which
current WP smokers completed two 45 min WP smoking sessions.
During each session, participants smoked either a preferred WP
tobacco product or a non-preferred tobacco flavoured control
product. Sessions were separated by a minimum 48hours
washout period to mitigate the impact of carryover effects.
Session order was counterbalanced within participant. Preses-
sion tobacco abstinence was required for each session and was
verified by exhaled carbon monoxide (eCO) testing on arrival
(eCO <10ppm). For female participants, absence of pregnancy
was confirmed with a urine test at each visit.

Smoking sessions were conducted in a controlled laboratory
setting in a room under negative pressure. Participants were seated
in a comfortable chair while watching one of several prescreened
movies of their choice. Participants were not allowed to eat,
drink, or use their phone or other electronic devices during the
WP smoking sessions. Initially, one piece of charcoal was lit and
placed on the WP Additional charcoals were added and recorded
on request from the participant. WP smoking topography was
measured continuously throughout the session. Blood samples and
eCO were collected immediately pre-WP and post-WP smoking
session. Participants were compensated $50 for the first session and
$60 for the second session for a total of $110 for study completion.

Materials
An Egyptian King Tut WP was used throughout study proce-
dures. The WP had a stainless steel stem attached to the glass

base (86 centimeters total). Six centimeters of the WP stem
was submerged in 1200 mL of distilled water within the base.
A glazed ceramic bowl (6 cm. diameter with five cm holes to
allow air flow) was placed on top of the WP stem. The bowl
was filled with 10 g of WP tobacco and covered with a circular
sheet of aluminium foil with prepunched holes. Charcoals were
coconut briquettes. Each charcoal was preweighed before being
lit and placed on top of the perforated aluminium foil. Tradi-
tional leather hoses, interfaced with the topography machine,
were used for each session. A new, prepackaged, disposable
mouthpiece was provided for each participant, consistent with
typical WP lounge practices. All procedures were consistent with
existing laboratory studies of WP tobacco smoking.>* ** For the
preferred flavour WP tobacco session, participants chose from a
selection of 11 flavoured and sweetened Al Fahker WP tobacco
including the pipe flavour. We planned to exclude participants
who chose the pipe flavour as their preferred flavour; however,
no participant chose this flavour. Flavoured WP tobacco options
included watermelon (n=17), strawberry (n=4), apple (n=3),
pineapple (n=3), orange (n=1), berry (n=1), cherry (n=1),
lemon (n=1), vanilla (n=1) and grape (n=1). Preferred flavour
options were pretested to confirm similar nicotine content as the
control WP tobacco (preferred flavour=0.11-0.22%; non-pre-
ferred flavour=0.15%). Al Fahker Pipe flavour WP tobacco was
used as the non-preferred tobacco-flavoured control because it
does not include characterising flavours, is similar to a regular
tobacco flavour and no participants indicated it as their preferred
WP tobacco flavour.

Measures

Demographics

Participants completed demographic measures assessing age,
gender and ethnicity.

Current WP smoking

Past month WP smoking was assessed via a self-report item
adapted from Heinz and colleagues (‘How many sessions of
hookah did you smoke in the past month?’). Response choices
included 0, 1-2, 3-5, 6-9, 10-15, 16-20 or 21 or more sessions.

WP dependence

WP dependence was measured via the Lebanon Waterpipe
Dependence Scale-11 (LWDS-11).> The LWDS-11 is an 11-item
self-report measure of WP dependence and comprises four
subscales: physiological dependence, negative reinforcement,
psychological craving and positive reinforcement. Scores > 10
indicate clinically significant WP dependence.®

Other product use

Participants reported on current use of other tobacco, nicotine
and combustible products including electronic cigarettes, vapour
devices, cigarettes, smokeless tobacco, nicotine replacement
therapy (NRT; eg, lozenge, patch, inhaler, nasal spray, gum) and
marijuana. Current use was indicated by product use during the
previous 30 days as measured via a dichotomous (yes/no) self-re-
port item (‘Have you used product in the last 30 days?’).

Outcome measures

WP smoking topography

Smoking topography was measured via a pressure flow sensor
integrated into the WP hose near the base.’® *” Measures of WP
topography included total puff time, puff duration, IPI, number
of puffs, total volume inhaled, average puff volume and average
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Table 1 Waterpipe smoking topography measures by preparation (n=30%)

Non-preferred control flavour Preferred flavour

Mean SD Mean SD df t p
Total smoke time, min 46.09 2.01 45.74 1.35 29 0.899 0.376
Cumulative puffing time, min ~ 6.82 3.79 8.06 7.80 29 -1.10 0.281
Average puff duration, s 3.43 1.54 3.16 1.48 29 1.39 0.176
Average flow rate, L/min 13.7 4.4 12.3 3.9 29 2.01 0.054
Average IPI, s 24.73 13.75 21.54 12.57 29 1.70 0.099
Total number of puffs 133 76 159 121 29 -1.76 0.090
Total inhaled volume, L 90.4 51.2 80.7 43.6 29 1.14 0.263
Average puff volume, L 0.79 0.43 0.65 0.39 29 2.50 0.018
Maximum puff volume, L 1.70 0.54 1.82 1.37 29 -0.51 0.614

*6 participants were missing topography data for one or both WP sessions.
df, degrees of freedom; IPI, interpuff interval.

flow rate. WP smoking topography was measured throughout
each session.

Plasma nicotine boost
Blood draws occurred presmoking and postsmoking session at
each visit. Plasma nicotine concentrations were analysed by gas

chromatography-mass spectrometry, consistent with previously
published methods.*®

Exhaled carbon monoxide boost

Participants were assessed for exposure to carbon monoxide (a
biomarker of smoke exposure and a cardiovascular toxicant) via
a Covita handheld exhaled carbon monoxide (eCO) detector to
confirm smoking abstinence at the beginning of each study visit.
Postsession eCO was also assessed.

Subjective smoking experience

Following each WP smoking session, participants responded to
the following subjective smoking experience items assessing the
recently consumed product (preferred versus control tobacco
flavour): pleasantness, desire/urge to smoke, need, want, liking,
enjoyment, pleasure from use, satisfaction, interest in continued
use and willingness to smoke the recently consumed product (see
online Supplementary Appendix A). All items were presented on
a Visual Analogue Scale (VAS) ranging from 0 (‘not at all’) to
100 (‘extremely’) presented as a 100 mm line on the computer.
Participants placed a hash mark on the line that corresponded to
a number along the line.

Data analysis

Data were analysed consistent with previous WP smoking
laboratory studies.””™*' Means were calculated for all outcome
measures (ie, measures of smoking topography, plasma nicotine
boost, eCO and subjective experience items) and compared by
session (preferred versus control flavour) using two-tailed paired
samples t tests. For eCO measures, carbon monoxide boost was
calculated by subtracting the presession eCO measure from the
postsession eCO measure. Only seven participants had preses-
sion plasma nicotine measures above the limit of quantitation
(LOQ). For those below the LOQ, one half of the LOQ (0.5 ng/
mL) was assumed for their presession value. Similar to eCO
boost, nicotine boost was calculated by subtracting the preses-
sion nicotine value from the postsession value. Significance was
set at p<0.05. All analyses were conducted in SPSS Statistics,
V.22.0 (IBM, Armonk, New York, USA). One participant did not

return for the second session and therefore is missing data for
the flavoured session. Four participants are missing topography
data for one session and one participant is missing topography
data for both sessions due to instrument malfunction.

RESULTS

Participant demographics

Participants (n=36) had a mean age of 26.69 (SD=4.83)
years and ranged from 18 years to 38 years of age and were
primarily male (n=22; 61.1%). Twenty (55.6%) participants
identified as Caucasian, five identified (13.9%) as African-Amer-
ican/black, four identified (11.1%) as Asian and seven partici-
pants identified (19.4%) as other. The majority (n=15; 41.7%)
of participants reported one to two WP smoking sessions
during the past month, with 50% (n=18) reporting more
than two sessions and 8.3% (n=3) reporting no WP smoking
during the past 30 days. The three participants who reported
no WP smoking during the past 30 days, were still eligible per
the institutional review board (IRB) protocol as they self-re-
ported past 30 days WP use at the time of screening. Partici-
pants denying WP smoking in the past month at presession did
not differ significantly from other participants on measures of
WP smoking frequency or duration and were therefore retained
in analyses. Mean LWDS-11 was 8.67 (SD=3.30). In terms of
other current tobacco, nicotine or combustible product use,
participants endorsed past 30 days use of cig-a-like e-cigarettes
(n=3; 0.8%), tank style e-cigarettes (n=9; 25%), combustible
cigarettes (n=9; 25%), smokeless tobacco (n=1; 2.8%) and
marijuana (n=10; 27.8%). All participants denied current NRT
use. Of the 36 participants, 33 (91.7%) reported past 30 days
use of any tobacco product. Participants used an average of 2.3
(SD=0.7) and 2.2 (SD=0.6) charcoals during the control flavour
and preferred flavour session, respectively.

WP smoking topography

All WP smoking topography data are shown in table 1. No
significant differences in topography were observed between
preferred and control flavour sessions except for average puff
volume (p=0.018). Average puff volume was statistically signifi-
cantly greater when participants smoked the non-preferred WP
tobacco flavour compared with the preferred flavour. In addi-
tion, several topography indices were trending towards signif-
icance (p<0.10), including average flow rate, IPI and total
number of puffs.
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Exhaled carbon monoxide

Mean eCO concentration for the preferred WP tobacco flavour
preparation increased from 4.2 ppm (SD=4.6) presession to
23.1 ppm (SD=16.7) after the smoking session, resulting in an
overall change in concentration of 18.8 ppm (SD=15.1). For
the control flavour WP preparation, mean eCO increased by
23.6 ppm (SD=25.5) from 3.6 ppm (SD=3.5) presession to
27.2 ppm (SD=27.0) at postsession. No statistically significant
difference in the observed change in eCO was seen between each
preparation t(32) = 1.37, p=0.180.

Plasma nicotine

Mean presession plasma nicotine concentration for the preferred
WP tobacco flavour was 0.98 ng/mL (SD=1.28) and increased
to 9.58 ng/mL(SD=6.54) at postsession. For the control flavour,
mean presession plasma nicotine concentration was 1.10 ng/mL
(SD=1.58) and increased to 8.99 (SD=6.07) at postsession.
While this trend follows the predicted direction, these differ-
ences were not statistically significant, t(31) = —0.72, p=0.479.
There was no significant difference in the increase of nicotine
concentration between preferred (M=8.48ng/mL, SD=6.38)
versus control (M=7.98 ng/mL, SD=5.63) flavour conditions,
t(31) =0.60, p=0.550.

Subjective smoking experience.

Measures of subjective smoking experience collected after each
smoking session revealed significant differences between the
two tobacco preparations. Figure 1 depicts mean ratings for all
subjective smoking experience items. Significant differences were
observed between groups for the following indices: pleasantness
of product, liking of product, enjoyment of product, pleasure
from product use, product satisfaction, interest in continued
use and willingness to smoke the recently consumed product.
For each of these items, values were greater when smoking the
preferred tobacco flavour preparation (p values <0.05) versus
the control flavour preparation. There were no observed differ-
ences between groups for desire, need, or want items.

DISCUSSION

The current study is the first to investigate the impact of flavour
preference on WP tobacco smoking behaviours, toxicant expo-
sure and subjective smoking experience. The results indicate
that smoking a preferred WP tobacco preparation positively
enhances the subjective experience of WP smoking and is asso-
ciated with a greater willingness and interest in continuing to
smoke WP. These findings provide further support for the role of
flavours in the initiation and continued use of WP smoking, with
participants reporting greater liking, enjoyment, satisfaction,
interest in continued use and willingness to use their preferred
flavour WP tobacco compared with the non-preferred control.
The extant literature suggests these are important components
of tobacco initiation and maintenance leading to increased nico-
tine dependence.”®  Moreover, with these findings suggesting
that even a slight change from a preferred to a non-preferred
tobacco flavour results in a significant effect on user experience
and willingness to continue to smoke WP, it stands to reason that
these results would be amplified with greater alterations to WP
tobacco flavours and sweeteners (ie, unflavoured and unsweet-
ened tobacco). FDA restrictions on characterising flavours and
sweeteners may have a substantial impact on WP smoking prev-
alence in the USA.

Interestingly, while trending in the hypothesized direction for
some topography variables, no significant differences in smoking
topography were observed between the two different prepa-
rations of tobacco, with the exception of greater average puff
volume when participants smoked the non-preferred control WP
preparation as compared with the preferred WP tobacco. While
unexpected, this finding is consistent with mixed topography
results in studies examining mentholated cigarettes,** even when
users consistently report enhanced satisfaction and pleasure with
menthol versus non-menthol use.* ** While the control prepa-
ration was a plain tobacco flavour, both WP preparations still
contained sweeteners and flavourants, which have been impli-
cated in improved taste and increased smoking patterns.” As
would be expected, the lack of difference in most topography
measures resulted in no significant difference in users’ exposure
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to carbon monoxide or nicotine uptake when smoking the
preferred versus non-preferred flavour. Overall and consistent
with previous research, 333637404546 yy5erq inhaled an average
of 86060 mL (SD=49.38) of smoke (equal to smoking approx-
imately 172.12 cigarettes), experienced a nicotine boost of
8.29ng/mL (SD=5.85) and eCO boost of 21.2 ppm (SD=20.77)
indicating significant exposure to harmful tobacco-related
constituents and addictive nicotine.

While the current study addresses important gaps in the WP
smoking literature, it has several limitations. The study examined
preferred flavours compared with a pipe flavoured WP tobacco
product. While the flavour was non-preferred, a truly unfla-
voured preparation was unavailable in the US market at the time
of the study. Overall differences in topography, subjective effects,
carbon monoxide exposure and nicotine uptake between groups
may be amplified with the inclusion of a truly unflavoured prepa-
ration. Second, both preparations were sweetened with molasses
and glycerin; therefore, the data cannot be used to form conclu-
sions regarding unsweetened WP tobacco. Another limitation of
the current study is that it may not capture differences between
WP smokers with high versus lower levels of dependence. The
majority of participants in this study were regular WP smokers,
but did not report high levels of dependence. Existing research
suggests high and low frequency WP smokers differ in terms of
their attitudes and beliefs about WP smoking*” as well as in their
smoking patterns and behaviours.*® For this reason, the current
study may not generalise to more frequent or nicotine dependent
WP smokers. Finally, the current study was a highly controlled
in-laboratory study of smoking behaviour. The results may differ
outside the laboratory setting or when peers are present during
the smoking session.* However, given the current lack of under-
standing in flavour preferences on these outcomes, laboratory
studies establishing whether differences might exist are a crucial
first step in understanding the effects of flavours on WP smoking.

Despite these limitations, thisresearch beginsto fillan important
gap in the WP smoking literature, as it is the first to examine the
impact of a preferred versus non-preferred WP tobacco flavour
in a controlled laboratory setting and highlights the importance
of flavours in WP smoking. Future research should incorporate
and compare an unflavoured WP tobacco preparation as well as
unsweetened preparations in order to investigate the effects of
these flavourants on smoking behaviour, toxicant exposure and
subjective smoking experience. Such comparisons would allow

What this paper adds

» Waterpipe (WP) smoking is rapidly increasing, particularly
among young adults.

» WP smoking is associated with many of the same negative
health outcomes as cigarette smoking.

» The majority of WP smokers report smoking flavoured
tobacco and emphasise the importance of flavours in WP
smoking

» No research has explored experimentally the impact of
flavours in waterpipe tobacco smoking.

» This study is the first to experimentally investigate the
impact of a preferred versus non-preferred waterpipe (WP)
tobacco flavour on subjective smoking experience, smoking
patterns and toxicant exposure.

» Participants reported a greater overall subjective smoking
experience when smoking their preferred WP tobacco flavour
compared with the non-preferred control WP tobacco.

for a more complete understanding of the impact of flavours
in WP tobacco smoking. As the pattern of results in the current
research suggests, flavours strongly affect overall satisfaction of
WP use. As seen with the ban of flavours other than menthol
in tobacco cigarettes by the FDA, it seems likely that restricting
flavours in WP smoking would reduce willingness and interest
in initiation and continued use. Additionally, given the broad
range of smoking frequency and WP dependence among US WP
smokers, additional research is needed to understand whether
these findings differ among highly dependent and more frequent
WP smokers.
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