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Abstract

Introduction: Clinical laboratory work among intermittent and daily waterpipe tobacco smokers
has revealed significant risks for tobacco dependence and disease associated with waterpipe
tobacco smoking (WTS). No studies have compared these groups directly. This study examined
whether WTS frequency was associated with differential puff topography, toxicant exposure, and
subjective response using a placebo-control design.

Methods: Eighty participants reporting WTS of 2-5 episodes (LOW; n = 63) or >20 episodes (HIGH;
n = 17) per month for >6 months completed 2 double-blind, counterbalanced 2-hr sessions that
were preceded by >12hr of tobacco abstinence. Sessions differed by product smoked ad libitum
for 45+ min: preferred brand/flavor of waterpipe tobacco (active) or a flavor-matched tobacco-free
waterpipe product (placebo). Outcomes included puff topography, plasma nicotine, carboxyhemo-
globin (COHb), and subjective response.

Results: HIGH users had more puffs, shorter inter-puff-intervals, and a higher total puff vol-
ume for placebo relative to active, as well as relative to LOW users during placebo. Plasma
nicotine concentrations increased when smoking active (but not placebo) with no significant
differences between groups at 256 min post-product administration. COHb increased signifi-
cantly during all conditions; the largest increase was for HIGH users when smoking placebo.
There was some evidence of higher baseline scores for nicotine/tobacco nicotine abstinence
symptomology.

Conclusions: Higher frequency waterpipe users may be more sensitive to the effects of water-
pipe smoke nicotine content. Among HIGH users, higher baseline nicotine/tobacco abstinence
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symptoms may indicate greater nicotine dependence. These data support continued surveillance
of WTS and development of dependence measures specific to this product.

Introduction

Waterpipe tobacco smoking continues to increase in popularity in
the United States, particularly among adolescent and young adult
populations.'= A recent survey of students at a large, southeastern
U.S. university revealed that rates of ever use (46.4% vs. 42.1%)
and past year use (28.4% vs. 19.6%) for WTS surpassed those of
cigarettes.* These increases may be due, in part, to the continued
belief among many smokers that WTS is less harmful and less addic-
tive than cigarette smoking.”® For example, sampled WTS users
have reported that waterpipe tobacco contains “less nicotine” and
“less chemicals” than cigarette tobacco, that the “water filters (the)
smoke,” and that “steam” or “water vapor” is being inhaled.” In con-
trast, detailed examinations of the waterpipe smoke content reveal
it contains nicotine that causes dependence, polycylic aromatic
hydrocarbons that cause cancer, volatile aldehydes that cause lung
disease, and carbon monoxide (CO) that contributes to cardiovas-
cular disease.!!

With respect to nicotine dependence, waterpipe smokers report
symptoms commonly associated with nicotine/tobacco withdrawal
following a period of overnight smoking abstinence: urges to smoke,
craving, and restlessness.'>!? These same symptoms are suppressed
by a subsequent bout of WTS.'>!* Moreover, WTS has shown to
deliver pharmacologically active doses of nicotine to the user!'>!*!5
and peak plasma nicotine levels do not differ between a single WTS
session and a cigarette.!? Taken together, existing evidence suggests
that waterpipe users likely are at risk for many of the same diseases

1619 including nicotine/tobacco dependence.?**!

as cigarette smokers,

Cross-sectional surveys reveal that the majority of sampled
U.S. waterpipe smokers report less than daily use?>?* and most often
smoke in a group setting with family and/or friends.*” Some of these
waterpipe users, however, may eventually transition to more fre-
quent WTS, consequently displaying a different pattern of use. For
comparison, relative to daily cigarette smokers, intermittent cigarette
smokers exhibit lower nicotine dependence scores,?*** smoke fewer
cigarettes on smoking days and more frequently on weekends,?
are more likely to engage in smoking during social situations and
around other smokers,? and report a lower desire to smoke follow-
ing a period of abstinence.?* Moreover, the development of nicotine
dependence may coincide with changes in the manner in which a
cigarette is smoked (numbers of puffs, interpuff interval [IPI]) and
the frequency of consumption (i.e., cigarettes per day [CPD];*).
For instance, scores on one measure of nicotine dependence have
shown to be positively correlated with cigarette topography param-
eters such as puff number and volume.?” In another study among
cigarette smokers, increasing dependence level was associated with
longer puff duration and shorter IPI as well as greater compensation
when smoking a low nicotine-yield cigarette.”® When the influence
of social stimuli (e.g., conversing with two individuals) were com-
pared between heavy (222 CPD) and light (<18 CPD) smokers, only
light smokers’ puff topography was significantly influenced; under
social conditions this group took longer and more frequent puffs.?’
In waterpipe smokers, higher scores on the Lebanese Waterpipe
Dependence Scale®® have also been associated with reporting more

smoking episodes per week (men only), higher CO levels, and longer
puff duration.® In sum, data from cigarette smoking literature and
preliminary findings among waterpipe users suggest differential pro-
files of use may exist between users based upon dependence level and
consumption frequency.

To date, no study has examined whether WTS frequency (daily
vs. intermittent) is associated with differential puff topography. An
investigation of this type could lead to important information about
the variability in response to nicotine delivered via WTS and user
behavior profiles. Thus, individuals who self-reported WTS of 2-5
episodes or >20 episodes per month were recruited to participate
in this study. Participants completed two double-blind, counter-
balanced conditions: active waterpipe tobacco or tobacco-free
waterpipe product. Both sessions were preceded by at least 12 hr of
nicotine/tobacco abstinence. Primary outcomes of interest were puff
topography, toxicant exposure, and subjective response as compared
between individuals with low and high frequency WTS history.

Methods

Eighty-three participants recruited from the metropolitan area
surrounding Richmond, VA provided informed consent and
attended at least one session in this IRB-approved study between
2008-2010. Two withdrew and one was discontinued due to
poor venous access. Thus, there were 80 completers of the current
study. Participants were eligible if their WTS patterns for the past
6 months were low (2-5 waterpipes per month; 7z = 63) or high
(20 waterpipes or more per month; 7z = 17) frequency. While equal
recruitment of both frequency groups was attempted, as shown in
Table 1 63 low frequency users (LOW}; 3 Hispanic) and 17 high fre-
quency users (HIGH; 1 Hispanic) ultimately completed the current
study. Results from a subset of the LOW frequency users (7 = 37)
have been reported elsewhere.'* HIGH users were more likely than
LOW users to be non-White, older, report a higher number of years
of education, report smoking significantly more waterpipes per
month, and have a higher expired air CO reading at screening (all
s < .05).

Exclusion criteria included self-reported history of chronic health
problems or psychiatric conditions, regular use of prescription medi-
cations (other than vitamins or birth control), and current pregnancy
(verified by urinalysis) or breastfeeding, as well as self-reported cur-
rent use of >3 cigarettes/month, other tobacco products, marijuana
(>5 days in past month) or other illicit drugs (past 30-day use of
cocaine, benzodiazepines, opioids, or methamphetamine; confirmed
by urinalysis).

Materials

The WTS apparatus and materials used in all sessions were identical
to those described in previous work.'>!* Each session’s product was
loaded into a glazed ceramic waterpipe head and was covered with a
perforated circular sheet of aluminum foil. A quick-lighting charcoal
briquette was lit by study staff and placed on top of the foil. The
leather hose was fitted with puff topography measurement hardware
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Table 1. Statistical Analysis Results for Completers’ Demographic Data by Waterpipe Tobacco Smoking Frequency
LOW (7 = 63) HIGH (n = 17) p*

Gender

Male (%) 42 (67) 13 (77) n.s
Race

Caucasian (%) 38 (60) 5(29) <.05

Non-White (%) 25 (40) 12 (71)
Age (years)® 20.5 (2.2) 21.7 (2.3) <.05
Student status (%) 53 (84) 14 (82) n.s.
Education (years)® 13.5 (1.4) 14.6 (1.7) <.01
Waterpipe uses/month® 3.6(1.2) 23.8 (4.7) <.001
Duration of waterpipe use (months)® 19.8 (13.9) 22.4(17.2) n.s.
Screening expired air CO (ppm)® 2.9 (3.0) 6.6 (5.4) <.01
Past 30-day cigarette smoking (%) 3(5) 1 (6) n.s.
Past 30-day alcohol use (%) 43 (68) 12 (71) n.s.
Past 30-day marijuana use (%) 19 (30) 2 (12) NA

WTS = waterpipe tobacco smoking. * Non-parametric techniques (Chi-square or Mann-Whitney U) used due to small sample sizes and lack of normality; NA

indicates cell sizes were too small for analysis.
b Data presented as mean (standard deviation).

(see puff topography section) and included a wooden mouthpiece
capped with a sterile plastic tip.

During the active condition, participants smoked their preferred
brand and flavor of waterpipe tobacco product. The most popular
tobacco-based brand was Starbuzz (United States; # = 36), followed
by Nakhla (Egypt; 7 = 15), Al Fakher (United Arab Emirates; 7 = 9)
and Fumari (7 = 1); Nakhla was used as the default brand for par-
ticipants who did not report a preference (7 = 19). The most popular
flavors reported were fruit-based: strawberry (7 = 15), apple/double
apple (7 = 13), mango (z = 10), watermelon/melon (7 = 8), peach
(n = 5), guava (n = 4), cherry (n = 3), mixed fruit (#z = 3), orange
(n = 2), and grape (7 = 1). Non-fruit preferred flavors were mint
(n =12), rose (n = 2), and vanilla (7 = 2). During the placebo con-
dition, participants smoked a flavor-matched, tobacco-free herbal
waterpipe product (SoeX; SoeX India Pvt. Ltd.). According to the
manufacturer, SoeX is “0% nicotine, 0% tar, and above all 0%
tobacco,” primarily composed of “non-tobacco herbal material”.*
We have previously verified that waterpipe smoke produced using
SoeX products contains no nicotine.'3

Procedure

Complete procedural details of the current study have been
described previously,'* and thus abbreviated below where appropri-
ate. Participants completed two counterbalanced, 2-hr sessions that
differed by product used: active tobacco or flavor-matched, tobacco-
free placebo. At each session, once overnight tobacco abstinence was
verified (CO levels < 10 ppm), a catheter was inserted into a forearm
vein and physiological recording commenced. Thirty minutes later,
baseline measures of physiological and subjective response were
assessed. Participants then began a double-blind use period with 10g
of session-specific product. Participants were given a minimum of
45 min to smoke the waterpipe ad libitum, and puff topography was
measured throughout the smoking period. Venous blood samples, for
plasma nicotine and carboxhemoglobin (COHb; blood measure of
CO exposure) concentration, were taken 5 and 25 min after smoking
onset, and again upon the completion of smoking (45 min or later).
Subjective measures and physiological measures were also assessed
post-smoking. During each session, participants were permitted to
watch a movie of their choice, except while completing the subjective

measures. The laboratory room was ventilated; during session, mean
peak ambient CO level was 4.0 ppm (SD = 1.0; collapsed across con-
dition; data available for 7 = 128 sessions). Payment for completing
both sessions was $175.

PuffTopography

Puff topography was measured via a venturi meter integrated into
the waterpipe hose* whereby inhalation-induced pressure changes
are measured via a pressure transducer digitized and sampled.
Previously calibrated software converted digital signals to air flow
(milliliters per second) and processed these data to produce measures
of puff volume, puff duration, number of puffs, IPI, and total volume

inhaled.

Physiological Measures

Carboxyhemoglobin (COHb) concentration was analyzed within
2min after venous blood sampling (NPT7 blood gas analyzer,
Radiometer America). The 10ml blood samples were then centri-
fuged, and the plasma stored at -70 °C for later analysis of nico-
tine level (limit of quantitation 2.0 ng/ml using a modified LC-MS/
MS version of that reported by Naidong et al.*(see Breland et al.*®
for details). Heart rate (HR) was measured every 20 s and blood
pressure/mean arterial pressure (BP/MAP) every 5 min (Model 507E,
Criticare Systems). Expired and ambient air CO levels were assessed
with a BreathCO monitor (Vitalograph). Expired air nitric oxide
(NO) was analyzed using a Nitric Oxide Analyzer (280i, Ionics Inst);
the average of three satisfactory measurements for each time point
was used in analyses. Pulmonary function testing (PFT) was per-
formed with a spirometer (Vitalograph) to measure forced expira-
tory volume in 1 s (FEV1), forced expiratory vital capacity (FVC),
and FEV1/FVC ratio.’” The better of two satisfactory PFT maneuvers
for each time point (based on FEV1 results) was used in analyses.

Subjective Measures

Participants used a computer keyboard and mouse to respond to
four subjective measures. Individual items for each measure are
summarized below (see Blank et al."* for more details). The adapted
version of the Minnesota Nicotine Withdrawal Scale (MNWS)3*
consists of 11 visual analog scale (VAS) items. Items are presented as
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a word or phrase centered above a horizontal line that ranges from
0 (“Not at all”) to 100 (“Extremely”). Participants used a computer
mouse to place a vertical mark anywhere along the horizontal line,
and the score is the distance of the vertical mark from the left anchor,
expressed as a percentage of total line length. The Questionnaire of
Smoking Urges (QSU): Brief Form* consists of 10 smoking-related
items (e.g., “I crave a cigarette right now”) that participants rate
on a 7-point scale (“Strongly disagree” to “Strongly agree”). The
items were collapsed into two previously-defined factors: “intention
to smoke” (Factor 1) and “anticipation of relief from withdrawal”
(Factor 2). QSU-Brief items were modified by replacing the word
“cigarette” with “waterpipe.” The Direct Effects of Nicotine Scale
(DENS) consists of 15 VAS items developed to assess the incidence of
nicotine-related side effects.*” The Direct Effects of Tobacco Scale*!
consists of 13 VAS items developed to assess commonly reported cig-
arette smoking effects (items modified so that the word “cigarette”
was replaced by “waterpipe”).

Data Analysis

HR, BP, and MAP values were averaged into 5-min bins beginning
with the Smin preceding product administration (missing values
replaced with average of value before and after; <1% of data). Data
preparation techniques were identical to those used previously.'
Due to human error or device malfunctioning, sample sizes are 76
for puff topography (LOW = 59; HIGH = 17) and plasma nicotine
(LOW = 60; HIGH = 16), 78 for MAP (LOW = 61; HIGH = 17),
71 for NO (LOW = 56; HIGH = 15), 72 for pulmonary function
measures (LOW = 57; HIGH = 15), and 79 for subjective outcomes
(LOW = 63; HIGH = 16). Forty-five of the 80 completers chose to
smoke for longer than the minimum 45-min smoking period during
at least one session: the active condition only (7 = 14), the placebo
condition only (1 = 19), or both conditions (7 = 12). Across sessions
during which smoking was greater than 45 min, average time spent
smoking during placebo was 55.6 min (SD = 12.1; 7 = 31) and dur-
ing active was 54.4min (SD = 9.6; n = 25; exact time for one session
missing due to topography device malfunction). Participants who
smoked for 45 or >45 min did not differ significantly in terms of age,
gender, race, months smoking waterpipe, or WTS frequency status
(37163 [59%] of LOW users, 8/17 [47%] of HIGH users; all ps >
.05). While our previous analysis of LOW users did not reveal an
effect of smoking duration on study outcomes,'* our initial analysis
among this sample did indicate a potential influence of this factor
on physiological and subjective outcomes. Thus, only time points
that were measured at baseline and within the initial 45-min prod-
uct administration period are included here for all measures. For
topography measures, only data collected during the initial 45 min

of the smoking period were analyzed. Nicotine and COHb were
truncated to baseline and the 25 min time point measurements. HR,
BP, and MAP were truncated to the 5-min bin preceding product
administration and nine S5-min bins post-administration (up to
45 min). Baseline data for expired air NO and pulmonary function
measures were also analyzed. For subjective questionnaires, only
baseline measures were included given that the post-smoking time
points occurred after 45min for some participants. Consequently,
the DETS subjective measure was excluded entirely from analyses
as items from this scale ask participants to rate the product smoked
(not relevant for baseline values).

These truncated data for all measures were analyzed using a
mixed analysis of variance (ANOVA) where WTS frequency (LOW,
HIGH) was the between-subjects factor and condition (active, pla-
cebo) and/or time (pre vs. post) were the within-subjects factors. For
all ANOVA analyses, Huynh-Feldt corrections were used to adjust
for violations of the sphericity assumption.** Planned comparisons
(paired or independent) using Student’s ¢ test were used to examine
differences between means and comparisons for which p < .05 are
reported as significant.*> All analyses were performed in IBM SPSS
Version 21.

Results
PuffTopography

Summary statistics and statistical analysis results from the trun-
cated puff topography data are shown in Table 2. A significant
frequency group by condition interaction was observed for IPI,
puffs per session, and total inhaled volume [Fs (1, 74) > 4.5, ps <
.05]. HIGH users had a significantly shorter average IPIs during
placebo relative to active, and this average IPI was significantly
shorter than that observed for LOW users during placebo (ps <
.05). HIGH users also took significantly more puffs during pla-
cebo than active, and significantly more puffs than LOW users
during placebo (ps < .05). This same pattern was observed for
total puff volume during the placebo condition (ps < .05). There
were no significant differences within frequency group or between
LOW and HIGH users for either condition for puff duration or
mean puff volume.

Physiological Measures

A significant interaction of condition by time was observed for
plasma nicotine [F (1,74) = 65.6,p <.001]. For both LOW and HIGH
frequency users, mean plasma nicotine concentration increased sig-
nificantly from baseline at 25 min during the active condition (ps
< .05; see Figures 1A and 1B) and was also significantly greater at

Table 2. Summary Statistics and Statistical Analysis Results for Puff Topography Measures Truncated to the First 45 min of Smoking

Low (n=359) High (n=17) Condition (Cond)  Frequency (Freq)  Cond x Freq
Placebo Active Placebo Active F P F P F P

Puff duration (s) 7 (1.5 3.7(1.7) 9 (2. 4 (2.0) 0.4 n.s 52 <.05 0.6 n.s
Interpuff interval (s) 42 9 (24. ) 43.2 (30.7) 25 6 (12 ) 45 2 (16.7) 1.5 n.s 2.0 n.s 4.6 <.05
Puffs 72.8 (44.8) 78.4 (50.3) 109.4 (70.9)#* 57.0 (23.6) 1.3 n.s 0.5 n.s 144 <.001
Total volume (1) 56 6(31.5) 55.3 (44.5) 90 9 (54.4)#* 54 5(35.6) 2.6 n.s 3.7 n.s 6.6 <.05
Puff volume (1) 8 (0.4) 0.8 (0.5) 0(0.5) 0(0.6) 0.2 n.s 3.4 n.s 0.3 n.s
Asterisks (*) indicate a significant difference between conditions within frequency group, and number signs (#) indicate a significant difference between LOW and

HIGH users for that condition (ps < .05). Degrees of freedom: Cond = (1, 74); Freq =

(1, 74); Cond x Freq = (1,74).
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Figure 1. Mean + SEM by waterpipe use frequency group (LOW, HIGH) for plasma nicotine (panel A, n = 60; panel B, n = 16) and COHb (panel C, n = 63; panel
D, n=17) for the placebo and active conditions. Filled symbols indicate a significant difference relative to -5 min; asterisks (*) indicate a significant difference
between placebo and active conditions at that time point within frequency group; number signs (#) indicate a significant difference between LOW and HIGH

users at that time point and same condition (ps < .05).

25 min for active versus placebo conditions (ps < .01). However, no
mean + SEM significant difference was observed between LOW and
HIGH users at 25 min (LOW = 5.2+ 0.4 ng/ml; HIGH = 6.8 =+ 1.2ng/
ml; p = n.s.) during the active condition.

For COHDb, a significant interaction of condition by time was
observed [F (1, 78) = 8.6, p < .01] in that mean levels increased sig-
nificantly relative to baseline at 25 min during both conditions within
frequency groups (ps < .001; see Figures 1B and 1C). While COHb
did not differ between conditions for LOW users (Figure 1B), lev-
els at 25 min were significantly different between placebo and active
conditions for HIGH users (p < .01; Figure 1C). Mean COHb at
baseline during both conditions was significantly greater for HIGH
users (placebo = 0.7+0.1%; active = 0.7+0.1%) compared to LOW
users (placebo = 0.3+0.0%; active = 0.4=0.0%; ps < .05). During
placebo, mean COHDb during was significantly greater for HIGH ver-
sus LOW users at 25 min (HIGH = 5.2£0.6%; LOW = 3.9+0.3%;
p <.05).

Statistical analysis results for other physiological out-
comes (HR, BP/MAP, expired air NO, pulmonary function) are
included in the online Supplementary Appendix as they showed
little difference between LOW and HIGH users, and were rela-
tively equivalent to those from the previous report among LOW
users only.'

Subjective Measures
Table 3 displays the statistical analysis results for three baseline sub-
jective measures.

Nicotine/Tobacco Abstinence Symptoms

Across all baseline measures of the waterpipe-modified MWS,
there were no interactions between condition and frequency group.
One item, “Anxious,” revealed a main effect of condition, and nine
items (“Urges to smoke a waterpipe,” “Irritability/Frustration/
Anger,” “Anxious,” “Craving a waterpipe/Nicotine,” “Drowsiness,”
“Depression/Feeling blue,” “Desire for sweets”) revealed a significant
main effect of frequency group (see Table 3). Results for “Anxious”
indicated that HIGH users’ mean baseline rating was significantly
higher than that for LOW users’ during placebo (HIGH =29.9+7.1,
LOW =11.1+2.1;p <.05), but not during active (HIGH = 16.4 6.2,
LOW = 6.4=1.6, p = n.s.). Within frequency group, significantly
greater baseline ratings of anxious were observed during the placebo
condition for both HIGH and LOW users (ps < .05).

Two of the items from the waterpipe-modified MWS with the
highest main effect F-values for frequency group were “Urges to
smoke a waterpipe” and “Craving a waterpipe/Nicotine”. Mean
baseline ratings for “Urges to smoke a waterpipe” during both con-
ditions were twice as high for HIGH users (placebo = 45.4+7.7;
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Table 3. Statistical Analysis Results for Baseline Subjective Measures

Condition (Cond) Frequency (Freq) Cond x Freq
F p F p F p
Waterpipe-modified MWS
Urges to smoke a waterpipe 0.7 n.s 12.7 <.01 <0.1 n.s
Irritability/Frustration/Anger 0.3 n.s 4.9 <.05 1.8 n.s
Anxious 13.2 <.001 10.7 <.01 3.9 n.s
Difficulty concentrating 0.3 n.s <0.1 n.s 0.1 n.s
Restlessness 3.5 n.s 3.4 n.s 0.1 n.s
Hunger 0.7 n.s 1.1 n.s <0.1 n.s
Impatient 1.8 n.s 3.0 n.s 0.3 n.s
Craving a waterpipe/Nicotine 0.2 n.s 13.3 <.001 1.5 n.s
Drowsiness 0.1 n.s 6.9 <.05 0.1 n.s
Depression/Feeling blue 0.9 n.s 7.7 <.01 1.6 n.s
Desire for sweets 0.1 n.s 5.7 <.0§ 2.0 n.s
Waterpipe-modified QSU-Brief
Factor 1 2.0 n.s 8.0 <.01 0.3 n.s
Factor 2 0.5 n.s 8.8 <.01 0.1 n.s
DENS
Nauseous <0.1 n.s 2.9 n.s 0.3 n.s
Dizzy 0.5 n.s 2.6 n.s 0.3 n.s
Lightheaded 1.2 n.s 4.0 <.05 0.3 n.s
Nervous 0.4 n.s 8.2 <.01 1.4 n.s
Sweaty 3.1 n.s 0.8 n.s 0.1 n.s
Headache 1.4 n.s 0.9 n.s <0.1 n.s
Excessive salivation <0.1 n.s 5.7 <.05 5.3 <.05
Heart pounding <0.1 n.s 5.5 <.08 2.4 n.s
Confused <0.1 n.s 2.6 n.s 3.0 n.s
Weak 1.6 n.s 7.0 <.05 0.1 n.s

Degrees of freedom: Condition = (1, 77); Frequency = (1, 77); Condition x Frequency = (1, 77).

active = 42.6 +8.3) compared to LOW users (placebo = 22.4+2.8;
active = 20.7+2.9) (ps < .05). There were no between condi-
tion differences within frequency groups. Mean baseline ratings
for “Craving a waterpipe/Nicotine” also differed significantly
between HIGH and LOW users during both conditions (ps <
.05). Ratings were almost three times higher for HIGH users (pla-
cebo = 33.7+8.0; active = 30.1+7.8) compared to LOW users (pla-
cebo = 10.4+2.2; active = 12.5+2.4). There were no significant
differences between conditions within frequency groups. Results
for other waterpipe-modified MWS items followed a similar pat-
tern with higher baseline ratings for the HIGH group during both
conditions.

Factors 1 and 2 of the waterpipe-modified QSU-Brief had a signif-
icant main effect of frequency group (see Table 3). During both con-
ditions, mean baseline ratings for Factor 1 of the waterpipe-modified
QSU were significantly higher for HIGH users (placebo = 15.4+2.0;
active = 15.7+2.3) relative to LOW users (placebo = 9.3+1.0;
active = 10.420.9; ps < .05). Within frequency group there were no
differences between conditions. Results for Factor 2 displayed an
identical pattern of results with significantly higher ratings during
both conditions for HIGH users and no between condition differ-
ences within frequency groups.

Direct Effects of Nicotine Scale

Across DENS baseline measures, one significant condition by fre-
quency group interaction was observed for “Excessive Salivation”
(see Table 3). Mean baseline ratings for “Excessive Salivation” dif-
tered significantly between HIGH and LOW users during placebo
(HIGH = 11.9£4.2; LOW = 2.6 +1.1; p < .05) but not during active

(HIGH = 7.8 +3.9, LOW = 3.6 +1.2; p = n.s.). There were no signifi-
cant differences between conditions within frequency groups.

A significant main effect of frequency group was observed five
DENS items (“Lightheaded,” “Nervous,” “Excessive Salivation,”
“Heart Pounding,” and “Weak” [see Table 3]). Nervous and Weak
DENS items had the highest main effect F-values for frequency
group. Baseline ratings for both items were higher among the HIGH
users relative to LOW users but did not differ significantly. There
were no significant differences between conditions within frequency
groups.

Discussion

Tobacco use is maintained, in part, by dependence on nicotine.*
Defining features of nicotine dependence include increased use of
tobacco over time, aversive withdrawal symptoms following tobacco
cessation, and/or continued use of tobacco to avoid these withdrawal
symptoms.* For instance, these features are developed as cigarette
smokers transition from light/intermittent use to regular use.?®*
Given that, like cigarette smoking, WTS also delivers nicotine to
the user,?! similar features may be observed among waterpipe users
(e.g., Alzoubi et al.’!). The purpose of this study was to compare
the smoking behavior, toxicant exposure, and subjective responses
between regular and light/intermittent waterpipe smokers.

Puff topography parameters, and consequently plasma nicotine and
COHDb concentrations, did not differ between HIGH and LOW users
when a nicotine-containing product was smoked. However, HIGH
users took more puffs, more frequent puffs, and larger puffs than LOW
users when a nicotine-free placebo product was smoked as well as
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compared within frequency group when HIGH users smoked a nic-
otine-containing product. LOW users’ puff topography did not differ
between conditions consistent with the previous analysis.' This differ-
ence in puffing behavior resulted in significantly greater CO exposure
for HIGH during placebo relative to LOW users during placebo and to
HIGH users during active. A similar effect has been observed among
dependent cigarette smokers during initial bouts of low nicotine (i.e.,
de-nicotinized) cigarette administration. That is, puff volumes increase
acutely as the nicotine content (or yield) of cigarettes is decreased
among daily smokers.**® Such a behavioral response is hypothesized
to be a compensatory mechanism for the reduced amount of nicotine
extracted with each puff.* In this study, we found that HIGH users
were sensitive to the absence of nicotine and thus altered their puff
topography in an attempt to extract more of the drug when using a
placebo product. In this case, the alteration of puff topography is likely
an index of greater dependence level in these users.

Consistent with a greater level of dependence in HIGH users,
higher baseline scores of nicotine/tobacco withdrawal symptoma-
tology were observed in this group relative to LOW users (as in
Corrigall et al.?*). These same symptoms (e.g., “irritability,” “crav-
ing”) are those commonly reported by dependent cigarette smokers
following a period of nicotine/tobacco abstinence.’*** Abstinence-
induced withdrawal effects may also be seen as an index of depend-
ence, and suppression and/or avoidance of these aversive effects may
promote continued WTS.

The relationship between higher WTS frequency and depend-
ence characteristics shown here, in combination with those from the
Eastern Mediterranean Region where WTS has a longer history of
use, highlights the need for a dependence measure that is specific to
WTS.5152 Unique features of WTS (e.g., social use, lack of product
mobility relative to cigarettes/smokeless) suggest that modifying cur-
rent dependence measures for cigarettes and/or smokeless tobacco
may not be sufficient. With data from the United States suggest-
ing increased rates of WTS among youth and young adult popula-
tions,** more frequent use patterns may begin to emerge and there
may be a greater risk for transition to nicotine/tobacco dependence.
While waiting for a measure of WTS that has been validated in this
population, state- and national-level tobacco surveillance efforts
should add items that assess patterns of WTS use that provide finer
detail than the relatively coarse measure of past 30-day use.

Limitations

Data from the current study must be considered in the context of
several limitations. Waterpipe users in different geographical areas,
or among adolescent or older adult populations, may differ in behav-
ior and/or subjective response from the groups studied here. HIGH
users differed in racial background from LOW users, possibly indica-
tive of cultural influences on patterns of WTS. Importantly, the labo-
ratory environment was standardized but WTS often occurs in a café
or home environment.”** While efforts were made to approximate
such an environment (e.g., reclining chairs, movies, etc), participants
were not exposed to other likely important stimuli. For example,
a waterpipe is often shared with family and friends in a group set-
ting.’** Waterpipe users have also been observed to engage in a vari-
ety of other behaviors while smoking, including eating, drinking, and
other tobacco use.’® In addition, some researchers have suggested
that cigarette smoking history may influence WTS puff topography
and toxicant exposure.”” While participants in the current study
were not concurrent cigarette smokers, the extent to which they had
ever smoked a cigarette is unclear. Exclusive waterpipe users, espe-
cially those reporting near daily use, may be even more dependent on
this method of nicotine self-administration.

Conclusions

Relative to LOW users, HIGH users displayed a differential pattern
of puffing behavior when smoking a placebo waterpipe product and
also reported higher baseline nicotine/tobacco abstinence symptoms.
These results provide evidence for a greater level of nicotine/tobacco
dependence. Results support continued surveillance of WTS and
research to understand the progression of use and role of nicotine in
continued waterpipe use.
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