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AbsTrACT
background Flavoured tobacco is one of the major 
factors behind the popularity of waterpipe (WP) 
smoking in the USA and internationally. The current 
study examined the impact of flavour manipulation on 
satisfaction, puff topography and toxicant exposure 
among high- frequency and low- frequency WP users.
Method This cross- over study was conducted among 
144 current (past month) WP smokers reporting WP 
smoking less than once a week (low- frequency users; 
n=69) or at least once a week (high- frequency users; 
n=75) in the past 6 months. Participants attended two 
counterbalanced 45 min ad libitum smoking sessions that 
differed by flavour (preferred flavoured vs unflavoured 
tobacco), preceded by ≥12 hours of tobacco use 
abstinence. Outcome measures included puff topography, 
expired carbon monoxide (eCO), plasma nicotine and 
subjective measures.
results Both high- frequency and low- frequency WP 
users reported an enhanced smoking experience and 
greater interest in future use after smoking the flavoured 
compared with unflavoured tobacco (p<0.05 for all). 
High- frequency users, however, were more keen on 
smoking the flavoured tobacco in the future, had higher 
puffing parameters in general compared with low- 
frequency users (p<0.05 for all) and had no differences 
in eCO and plasma nicotine concentrations between 
the flavoured and unflavoured tobacco conditions 
(p>0.05 for all). On the other hand, low- frequency 
users had significantly greater eCO and plasma nicotine 
concentrations following smoking the unflavoured 
compared with flavoured tobacco condition (p<0.05 for 
all).
Conclusions Our results indicate that removing 
flavours will likely negatively affect WP satisfaction 
and future use and that such an effect will be more 
pronounced among high- frequency compared with low- 
frequency WP smokers.

InTrOduCTIOn
Waterpipe (WP) tobacco smoking (aka hookah) 
has become increasingly popular in the USA and 
globally, notably among young adults.1 2 Data from 
population surveillance of tobacco use in the USA 
show a high prevalence (18.2%) of current WP use 
among young adults aged 18–24 years, second only 
to cigarettes (19.6%).3 One of the main drivers of 
WP smoking popularity among young people has 
been the introduction of sweetened and flavoured 

WP tobacco known as Maassel.4–6 While the 
majority of WP smokers believe that WP tobacco 
is less harmful than cigarettes, evidence continues 
to emerge about its addictive and health hazardous 
properties.7 8 One WP smoking session exposes 
users to greater smoke volumes and higher levels of 
toxicants such as carbon monoxide (CO), nicotine 
and tar compared with a single cigarette smoking.9

Quantitative and qualitative studies show that 
flavoured WP tobacco is the main attractant for new 
smokers and a key component of the ‘WP experi-
ence’ in established smokers. In a study sample of 
adult WP smokers in the USA, factors related to 
flavoured WP tobacco such as the smoke’s taste 
(80%), smell (61%) and smoothness (42%) were 
the motivation to smoke WP for the majority.10 
Data from young people in the USA show similar 
results; our team’s recent discrete choice exper-
iment among young WP smokers revealed that 
fruit- flavoured tobacco is a key factor influencing 
the demand for WP.11 This preference for flavours 
is also supported by testimonies of young WP 
smokers in the USA, where fruity flavours and 
pleasant aroma can disguise WP risk and support 
experimentation and use.12 However, to fully 
appreciate the population impact of any potential 
flavour- based policy and regulation, it is important 
to understand how flavour limitation will affect WP 
smokers at different smoking patterns (eg, high- 
frequency vs low- frequency users).

The US Food and Drug Administration (FDA) 
has recently (10 May 2016) extended its regula-
tory authority under the deeming rule to include 
WP products under the Family Smoking Prevention 
and Tobacco Control Act.13 Accordingly, the FDA 
Center for Tobacco Products now regulates the 
manufacture, import, packaging, labelling, promo-
tion, sale and distribution of WP tobacco, charcoal, 
parts and accessories.14 Several reports identified 
flavour as a major attractant for WP smokers, espe-
cially among youth and young adults.15 16 There-
fore, flavour regulation represents a priority for 
regulatory efforts by the FDA and other agencies 
to limit WP smoking among these populations.2 5 17 
This creates the need for evidence to guide the FDA 
and other policy bodies to effectively regulate WP 
tobacco flavours. This study attempts to answer 
the question of whether a flavour is important 
for smoking experience and toxicant exposures in 
WP smokers at different smoking patterns (high- 
frequency vs low- frequency WP users).
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Table 1 Descriptive characteristics of the sample by smoking group 
status (N=144)

baseline characteristics

Low- frequency 
users
n=69

High- frequency 
users
n=75 P value

Gender N (%) N (%)

  Male 40 (57.9) 45 (60.0) 0.804

  Female 29 (42.1) 30 (40.0)

Hispanic

  Yes 28 (40.6) 32 (42.7) 0.799

  No 41 (59.4) 43 (57.3)

Race

  White 50 (72.5) 47 (62.6) 0.127

  Black African/American 14 (20.3) 14 (18.7)

  Other 5 (7.2) 14 (18.7)

Education

  High school or less 2 (2.1) 5 (8.0) 0.237

  Some college or 
associate degree

48 (69.6) 52 (69.3)

  Bachelor’s degree 10 (14.5) 13 (17.3)

  More than bachelor’s 
degree

9 (13.0) 4 (5.3)

Have you smoked 
cigarettes in the past 
year?

  Yes 31 (44.9) 23 (30.7) 0.077

  No 38 (55.1) 52 (69.3)

When did you start 
smoking WP in a monthly 
manner?

  Within past 6 months 12 (17.4) 1 (1.3) 0.001

  More than 6 months 
but less than a year

13 (18.8) 10 (13.3)

  More than 1 year ago 44 (63.8) 64 (85.4)

What is the average 
time you usually spend 
smoking WP? (minutes)

  <30 9 (13.0) 4 (5.3) 0.020

  30–60 46 (66.7) 41 (54.7)

  >60 14 (20.3) 30 (40.0)

Where do you usually 
smoke WP?

  At home 7 (10.0) 25 (33.3) 0.003

  At a friend’s 20 (28.1) 19 (25.3)

  In public places (eg, a 
cafe, lounge, etc)

42 (60.9) 31 (41.3)

Do you usually share the 
same WP with others?

  Yes 66 (95.7) 66 (88.0) 0.097

  No 3 (4.3) 9 (12.0)

Which WP tobacco 
produced greater smoke?*

  Preferred flavoured 27 (58.7) 33 (82.5) 0.044

  Unflavoured 14 (30.4) 4 (10.0)

  No difference 5 (10.9) 3 (7.5)

Preferred flavours 0.230

  Grape 4 (5.8) 12 (16.0)

  Apple 25 (36.2) 21 (28.0)

  Mint 14 (20.3) 17 (22.7)

  Mixed flavours 22 (31.9) 18 (24.0)

  Others 4 (5.8) 7 (9.3)

Continued

baseline characteristics

Low- frequency 
users
n=69

High- frequency 
users
n=75 P value

  Mean (sd) Mean (sd)

  Age 21.66 (3.01) 21.96 (2.93) 0.536

  How many years ago 
did you start smoking 
WP for the first time in 
your life (even one or 
two puffs)?

3.57 (2.79) 4.58 (2.85) 0.034

  During the past 6 
months, on average, 
how many WPs (head/
bowls) you smoke per 
month?

2.45 (1.84) 9.52 (11.67) <0.001

  eCO bassline 1.91 (1.13) 2.14 (1.48) 0.293

  Post smoking flavoured 
tobacco weight†

11.28 (1.40) 10.53 (1.73) 0.006

  Post smoking 
unflavoured tobacco 
weight†

9.84 (1.38) 9.51 (1.24) 0.139

Bold numbers indicate statistical significance at p<0.05
*Only 86 participants responded to this question.
†Presmoking weight of tobacco was 15 g for each smoking group.
WP, waterpipe; eCO, expired carbon monoxide.

Table 1 Continued

MeTHOds And MATerIALs
recruitment and inclusion criteria
Details for the methodology of the present study have been 
described elsewhere.18 In brief, healthy WP tobacco smokers 
who smoked flavoured WP tobacco aged 18–30 years from the 
Miami metropolitan area were invited to participate in the study 
via flyers, word of mouth and online advertisements (eg, Craig-
slist). Interested participants were excluded if they reported any 
history of chronic health concerns or psychiatric conditions, 
regular use of prescription medications (other than vitamins or 
birth control), self- reported current use of more than five ciga-
rettes/month or other tobacco/nicotine products (>5 times in 
the past month preceding the study) and pregnancy (confirmed 
by urinalysis) or breast feeding. Prior to participation in a WP 
smoking session, overnight tobacco smoking abstinence was 
confirmed by expired CO (eCO) of ≤5 parts per million (ppm). 
Participants provided written informed consent and received 
US$150 cash as compensation at the end of the study.

smoking groups
For this study, participants were classified according to their 
smoking pattern as either low- frequency or high- frequency WP 
users. Current WP smokers (past 30 days) who smoked WP 
(head/bowls; the small bowl in which tobacco is contained and 
exposed to heat while smoking WP) less than once a week in the 
past 6 months were classified as low- frequency users and those 
who smoked WP at least once a week were classified as high- 
frequency users.

smoking sessions
In this laboratory study, we used a two- condition cross- over 
design in which each of the two sessions involved smoking a WP 
ad libitum for up to 45 min that differed by tobacco (preferred 
flavoured vs unflavoured WP tobacco). The two sessions order 
were counterbalanced and separated by at least a 48- hour 
washout period to avoid carryover effects of the previous session. 
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Table 2 Waterpipe smoking topography measures, CO and plasma nicotine by condition and smoking group status (N=143)

Flavoured unflavoured

Low- frequency users 
(n=69)

High- frequency users 
(n=74)

P value*

Low- frequency users 
(n=69)

High- frequency users
(n=74)

P value*Mean sd Mean sd Mean sd Mean sd

Total smoke time (min) 42:54 7:37 42:02 8:02 0.509 40:06† 9:42 40:56 9:05 0.599

Cumulative puffing time (min) 4:59 3:14 6:13 3:46 0.037 4:16 2:41 5:18† 3:06 0.034

Average puff duration (s) 3.08 1.27 3.68 1.77 0.023 3.05 1.22 3.51 1.5 0.060

Average IPI (s) 28.17 17.57 25.77 17.14 0.410 31.69 19.91 28.36 19.55 0.316

Total no of puffs 106.63 64.00 111.93 86.37 0.679 96.94 66.46 104.76 86.50 0.549

Total inhaled volume (L) 51.16 33.31 81.50 54.73 <0.001 53.53 33.35 78.92 51.81 0.001

Average puff volume (L) 0.57 0.35 0.78 0.42 0.001 0.66† 0.35 2.04 8.52 0.185

eCO boost (ppm) 12.1 11.7 30.72 33.27 <0.001 17.52† 14.63 33.37 27.60 <0.001

Nicotine boost (ng/mL) 4.33 0.58 10.45 1.17 <0.001 5.69† 0.81 9.09 0.97 0.008

Bold numbers indicate statistical significance at p<0.05
*P value indicates the significant difference between smoking groups within tobacco conditions.
†Sign indicates a significant difference between flavoured and unflavoured for that smoking group (p<0.05).
CO, carbon monoxide; IPI, interpuff interval; eCO, expired carbon monoxide.

The most common tobacco- based brands were Al Fakher, 
followed by Starbuzz and Haze (table 1 details flavoured tobacco 
preferences of participants). Before each session, the WP head 
was filled with 15 g of the assigned tobacco preparation and 
covered with a perforated aluminium foil to separate the quick- 
lighting WP charcoal briquette (35 MM Coconut Shell Instant 
Light charcoal; Starbuzz Tobacco) from the tobacco mixture.19 
To maintain standardisation during the smoking sessions, only 
one type of WP device was used (Khalil Mamoon 27 in, Egypt).

Outcome measures
WP puff topography
A validated instrument was used to assess puff topography20 21 
with software that converted pressure signals to air flow (mL/
sec) data, producing measures of total smoking time, cumulative 
puff time, average puff duration, interpuff interval, number of 
puffs, total volume inhaled and average puff volume.

Plasma nicotine and eCO
At each laboratory visit, blood was drawn twice within 10 min 
of the beginning and end of each session. Plasma nicotine was 
measured using gas chromatography- mass spectrometry.22 
Nicotine boost was assessed by subtracting presession nicotine 
levels from postsession. We measured the eCO using breath CO 
monitor (Vitalograph, Lenexa, Kansas, USA) before the 45 min 
WP smoking session started and within 5 min after it ended, and 
eCO boost was measured similar to nicotine boost.

Subjective measures
The 10- item version of the Tiffany- Drobes Questionnaire of 
Smoking Urges (QSU- Brief) was adapted to WP smoking and 
rated on a 7- point Likert scale ranging from 0 (strongly disagree) 
to 6 (strongly agree). The QSU- Brief examines two nicotine 
dependence factors: factor 1, ‘a strong desire and intention to 
smoke’ and factor 2, ‘anticipation of relief from withdrawal’.23 
The QSU was administrated pre- WP and post- WP smoking 
session.24

We also used the 9- item Duke Sensory Questionnaire (DSQ) 
rated on a 7- point Likert scale (‘not at all’ to ‘extremely’). The 
DSQ was developed to assess participants’ sensory experience of 
the inhaled product (eg, How satisfying were the puffs?). DSQ 
was assessed post- WP smoking session.18

The 11- item Waterpipe Evaluation Scale (WES) was adapted 
from the cigarette literature25 26 and rated on a 7- point Likert 
scale (‘not at all’ to ‘extremely’). The WES assesses participants’ 
perception of the smoked WP (eg, reduce craving, satisfying, 
tastes good and makes you dizzy).18 The WES was administered 
post- WP smoking session.18

At the end of the second session, participants were asked to 
evaluate the amount of smoke produced after each session by 
responding to this question ‘Which WP tobacco produced the 
greater amount of smoke during your smoking session?’ with 
the following answer options (1) flavoured tobacco, (2) unfla-
voured tobacco and (3) no difference. Eighty- six participants 
answered this question. In addition, participants were asked, 
‘How interested are you in using the tobacco you just smoked 
again in the future?’. The question was administered on a Visual 
Analogue Scale ranging from 0 (‘not at all’) to 100 (‘extremely’) 
presented as a horizontal line on the computer. Sixteen partici-
pants answered this question by placing a mark on the line that 
corresponded to a number along the line.

data analysis
Descriptive statistics for the study sample characteristics were 
summarised with means (M) and SD for all outcomes (ie, puff 
topography, plasma nicotine, eCO and subjective measures). X2 
tests were performed to examine the differences in categorical 
descriptive variables by WP smoking group. Two- tailed paired 
sample t- tests were performed to examine the differences in 
puff topography outcomes by smoking group (low- frequency 
vs high- frequency WP users). Planned comparisons using two- 
tailed paired t- test were employed to create the cross- smoking 
group comparisons for puffing parameters, eCO, plasma nico-
tine and subjective measures. One participant was missing puff 
topography data for both sessions due to the device malfunc-
tioning, and 13 were missing data points for plasma nicotine due 
to the inability to draw blood samples. Statistical significance 
was inferred from p<0.05. All analyses were conducted on IBM 
statistics SPSS V.22.

resuLTs
A detailed description of the smoking group’s baseline charac-
teristics is shown in table 1. Among all participants (n=144), 75 
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Figure 1 Mean (±SEM) for plasma nicotine concentration in flavoured 
(A) and unflavoured (B) tobacco condition, eCO for the flavoured (C) 
and unflavoured (D) tobacco condition. Tiffany- Drobes QSU- Brief factor 
1 (intention to smoke) for flavoured (E) and unflavoured (F) tobacco 
condition. While dashed line indicates no significant differences 
presmoking to postsmoking, solid lines show the significant differences. 
*Indicates significant differences between high and low- frequency WP 
users at that timepoints. #Indicates a significant difference between 
flavoured and unflavoured for that smoking group (p<0.05). CO, carbon 
monoxide; eCO, expired carbon monoxide; QSU, Questionnaire of 
Smoking Urges.

(52.0%) were high- frequency users, and 69 (48.0%) were low- 
frequency users according to our adopted classification.

WP puff topography
Generally, high- frequency users had significantly higher puffing 
parameters compared with low- frequency users, which was more 
pronounced in the flavoured condition (details in table 2). There 
was no difference in puffing parameters between the flavoured 
and unflavoured tobacco condition within the high- frequency 
users’ group (p<0.05). In contrast, low- frequency users had 
higher puff volume during the unflavoured tobacco session 
compared with the flavoured tobacco session (0.66±0.35 L vs 
0.57±0.35 L, p<0.05, respectively) (details in table 2).

Plasma nicotine
For both smoking groups, mean plasma nicotine concentra-
tion increased significantly from presmoking to postsmoking 

session in both flavoured and unflavoured tobacco conditions 
(p<0.05 for all) (figure 1A, B). However, high- frequency users 
had greater plasma nicotine boost compared with low- frequency 
users during both flavoured (10.45±1.17 vs 4.33±0.58 ng/
mL; p<0.001) and unflavoured tobacco conditions (9.09±0.97 
vs 5.69±0.81 ng/mL; p<0.001) (table 2). Within the smoking 
groups, low- frequency users had a greater boost in plasma 
nicotine concentration during the unflavoured tobacco session 
(5.69±0.81 ng/mL) compared with the flavoured tobacco 
session (4.33±0.58 ng/mL, p<0.05), while such difference was 
not observed among high- frequency users (details in table 2).

expired carbon monoxide
For both smoking groups, mean eCO levels increased signifi-
cantly from pre to postsmoking session in both flavoured and 
unflavoured tobacco conditions (p<0.05 for all) (figure 1C, 
D). However, high- frequency users had a greater boost of eCO 
compared with low- frequency users during both flavoured 
(30.72±33.27 vs 12.1±11.7 ng/mL; p<0.001) and unflavoured 
tobacco conditions (33.37±27.6 vs 17.52±14.63 ng/mL; 
p<0.001) (table 2). Within the smoking groups, low- frequency 
users had a greater boost in eCO levels following the unfla-
voured tobacco session (17.52±14.63 ppm) compared with the 
flavoured tobacco session (12.1±11.7 ppm, p<0.05), while such 
difference was not observed among high- frequency users (details 
in table 2).

subjective measures
For QSU- Brief, as shown in figure 1E, F, both low- and high- 
frequency users had a significant reduction in intention to smoke 
(factor 1) following the unflavoured tobacco smoking session, but 
only high- frequency users had a significant reduction following 
the flavoured tobacco smoking session (p<0.05 for all). There 
were no significant changes for the anticipation of relief from 
withdrawal (factor 2) following both flavoured and unflavoured 
tobacco smoking sessions in both low and high- frequency users.

For the WES, following the flavoured tobacco smoking 
session, high- frequency users reported a greater reduction in 
craving compared with low- frequency users (p<0.05). Within 
smoking groups, both low and high- frequency users reported 
higher scores of product satisfaction, increased concentration, 
awake, less irritability and enjoyment of smoke sensation in the 
mouth and throat following smoking flavoured compared with 
unflavoured tobacco (p<0.05 for all). On the other hand, both 
low- and high- frequency users reported higher scores of dizzi-
ness and nauseous following smoking unflavoured compared 
with flavoured tobacco (p<0.05 for all) (table 3).

For the DSQ, compared with high- frequency users, low- 
frequency users reported higher scores for puff satisfaction, the 
similarity of product to smokers’ own brand and for strengths of 
puffs on windpipe following the unflavoured tobacco smoking 
session (p<0.05 for all). Within the low- frequency users’ group, 
smokers reported higher scores for puff liking, puff satisfac-
tion and similarity of product to smokers’ own brand following 
smoking the flavoured compared with the unflavoured tobacco 
(p<0.05 for all). Within the high- frequency users’ group, 
smokers reported higher scores for strengths of puffs on the 
nose, windpipe and chest following the flavoured tobacco 
session compared with the unflavoured tobacco session (p<0.05 
for all) (table 3).

Participants’ assessment of each tobacco condition’s ability to 
generate smoke showed that 69.8% of participants believed that 
flavoured tobacco produced more smoke, while 20.9% believed 
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Table 3 Postsession subjective responses for Waterpipe Evaluation Scale (WES) and Duke Sensory Questionnaire (DSQ) by condition and smoking 
group (N=144)

Flavoured unflavoured

Low- frequency users 
(n=69)

High- frequency users 
(n=75)

P value*

Low- frequency 
users (n=69)

High- frequency users
(n=75)

P value*Mean sd Mean sd Mean sd Mean sd

WES measures

  Satisfying 4.26 1.50 4.52 1.38 0.284 3.30† 1.44 3.19 1.68 0.663

  Taste 4.58 1.36 4.76 1.49 0.453 2.55 1.49 2.22† 1.46 0.178

  Dizzy 3.06 1.40 2.80 1.56 0.301 3.51† 1.46 3.19† 1.57 0.214

  Calm 3.80 1.61 3.55 1.78 0.379 3.26† 1.55 2.91† 1.69 0.194

  Concentrate 2.25 1.38 2.63 1.65 0.140 2.03† 1.16 2.00† 1.40 0.894

  Awake 2.13 1.34 2.45 1.74 0.290 1.96† 1.20 1.82† 1.13 0.501

  Reduce hunger 2.09 1.40 2.19 1.60 0.692 1.83† 1.30 1.82† 1.41 0.994

  Nauseous 1.93 1.16 1.88 1.33 0.821 2.41† 1.54 2.41† 1.63 0.999

  Less irritable 2.28 1.61 2.55 1.74 0.336 1.99† 1.43 1.97† 1.32 0.957

  Sensation throat 3.41 1.72 3.85 1.55 0.104 2.70† 1.69 2.68† 1.47 0.940

  Reduced craving 3.49 2.08 4.63 1.90 0.001 4.12† 2.16 3.70† 2.15 0.255

DSQ measures

  Puff liking 4.16 1.31 4.61 1.46 0.053 3.41† 1.25 3.15 1.47 0.265

  Puff satisfaction 4.17 1.36 4.52 1.50 0.151 3.36† 1.27 2.88 1.51 0.041

  Puffs high in nicotine 3.67 1.12 3.60 1.25 0.738 4.00 1.32 3.82† 1.45 0.453

  Similar to own flavour 4.36 1.61 4.93 1.87 0.053 2.68† 1.51 1.95 1.13 0.001

  Strength of puffs on tongue 3.71 1.30 3.68 1.40 0.894 3.68 1.32 3.30 1.48 0.106

  Strength of puffs on nose 3.13 1.43 3.04 1.42 0.705 3.03 1.38 2.91† 1.43 0.601

  Strength of puffs on back of mouth and throat 3.96 1.39 3.79 1.46 0.478 3.72 1.34 3.66† 1.58 0.800

  Strength of puffs on windpipe 3.96 1.48 3.80 1.40 0.516 3.74 1.14 3.24† 1.533 0.031

  Strength of puffs on chest 3.65 1.25 3.57 1.44 0.728 3.67 1.245 3.22† 1.546 0.058

Bold numbers indicate statistical significance at p<0.05
*P value indicates the significant difference between smoking groups within tobacco conditions.
†Sign indicates a significant difference between flavoured and unflavoured for that smoking group (p<0.05).

that unflavoured tobacco produced more smoke and 9.3% 
believed there was no difference (p<0.05). Among participants 
who reported that flavoured tobacco produced more smoke, 
55% were high- frequency users, and 45% were low- frequency 
users. For future intentions to use, participants were more inter-
ested in using flavoured tobacco versus unflavoured tobacco 
(p=0.026), and this preference was more pronounced in high- 
frequency users compared with low- frequency users (p<0.05).

dIsCussIOn
This clinical laboratory study is the first to investigate the impact 
of tobacco flavour manipulation on puff topography, toxicant 
exposure and subjective experience among WP smokers at 
different smoking patterns (high- frequency vs low- frequency 
WP users). The results show that both low- frequency and high- 
frequency WP users scored higher on satisfaction, and inten-
tion to use the product in the future following the flavoured 
tobacco session compared with the unflavoured tobacco session, 
although future use of flavoured products was more important 
to high- frequency users compared with low- frequency users. 
While some puffing parameters were more pronounced in the 
flavoured condition among high- frequency users, their overall 
associated exposures were not different between the two tobacco 
conditions. In contrast, low- frequency users had significantly 
greater eCO boost and plasma nicotine concentration following 
smoking the unflavoured compared with flavoured tobacco. 
Similar to the ban enforced on flavours other than menthol in 
cigarettes in the USA, it seems likely that restricting flavours in 
WP smoking could reduce initiation and interest in continued 

use.13 Our results indicate that banning flavours may affect WP 
satisfaction and future use but will have less immediate effects on 
smokers’ exposures.

Our results are in line with previous research from ciga-
rettes showing that smoking flavoured tobacco enhances the 
smoking experience.27 In our study, smokers not only enjoyed 
the flavoured tobacco more regardless of their smoking pattern 
but experienced fewer unfavourable effects with the flavoured 
compared with unflavoured tobacco. For example, participants 
felt more nauseous and experienced greater dizziness after 
smoking the unflavoured compared with flavoured tobacco. 
Some of that may be the result of increased exposure to CO, as 
participants had more CO exposure in the unflavoured tobacco 
condition compared with the flavoured tobacco condition as we 
discuss below.

Expectedly, puffing parameters followed the patterns of 
smoking, where high- frequency users had higher puffing param-
eters in general compared with low- frequency users regardless 
of flavour condition, and subsequently had higher nicotine 
and eCO boost. However, while high- frequency users did not 
experience differences in toxicant exposure between the two 
flavoured conditions, their low- frequency user’s counterparts 
had significantly greater eCO boost and plasma nicotine concen-
tration following smoking the unflavoured tobacco condition 
compared with the flavoured tobacco condition. It is likely that 
nicotine dependence was the main factor dictating smoking 
(puffing) behaviour in order to obtain the ‘usual’ dose of nico-
tine in high- frequency users, while low- frequency users were 
more attentive to their WP smoking experience, which involves 
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the production of visible smoke with each puff. Several obser-
vations converge to make this a likely scenario. First, compared 
with flavoured tobacco, unflavoured tobacco had less humec-
tant (a major source of particulate matter that is essential for the 
generation of visible smoke cloud).28 Second, participants in our 
study indicated that flavoured tobacco produced a greater smoke 
cloud compared with unflavoured tobacco. And third, a reduc-
tion in nicotine craving and plasma nicotine boost were more 
pronounced among high- frequency users compared with low- 
frequency users. As such, it seems that low- frequency users had 
to take longer puffs to generate more smoke, aggravating the 
combustion process and consumption of tobacco leading to more 
CO and nicotine exposure, while high- frequency users’ puffing 
(smoking) behaviour was mainly titrated towards achieving the 
usual nicotine dose.

This study has several limitations. Given the nature of the 
study’s aims, that is, comparing flavoured and unflavoured 
tobacco conditions at different smoking patterns, blinding the 
participants to the two study conditions was not feasible. Another 
limitation is that the smoking groups were classified based on 
their WP smoking frequency in the past 6 months, which may not 
reflect their long- term smoking patterns. However, our analysis 
shows that on average the high- frequency WP users had a year 
longer WP smoking history compared with low- frequency users. 
Thus, our groups at least partially reflect smokers at different 
smoking patterns (high- frequency vs low- frequency WP users). 
Lastly, the effect of flavour on the likelihood of continued WP 
use in the future was examined among only 16 participants, 
which is a small sample to make a definitive conclusion about 
these results. However, even with this small number, the results 
were significant (p=0.026), indicating the likely direction of this 
result in larger studies.

Our results suggest that removing flavoured tobacco can be 
a promising regulatory avenue that will affect WP smokers’ 
satisfaction and intention to use in the future regardless of their 
smoking frequency. However, the importance of flavoured 
tobacco to the smoking experience and continuation of smoking 
seems more pronounced among high- frequency users compared 
with low- frequency users. By contrast, the immediate effect of 
flavour limitation on smoking (puffing) behaviour and expo-
sures seems less pronounced among high- frequency users 
compared with low- frequency users, likely due to the overriding 
effect of nicotine dependence on puffing parameters and subse-
quent exposures in this group. In summary, our results indicate 
that removing flavoured tobacco will likely negatively affect 
WP satisfaction and future use and that such an effect will be 
more pronounced among high- frequency compared with low- 
frequency WP users.

What this paper adds

 ► One of the main drivers of waterpipe (WP) smoking 
popularity among young people has been the introduction of 
sweetened and flavoured WP tobacco known as Maassel.

 ► In order to explore the potential effect of flavour regulation 
on WP smokers of different smoking patterns (high- frequency 
vs low- frequency WP users), we need to understand how 
flavour limitation will affect WP smokers with different 
smoking frequency.

 ► Removing WP tobacco flavours will likely negatively affect 
WP satisfaction and future WP smoking among young people, 
and such an effect will be more pronounced among high- 
frequency WP users compared with low- frequency users.
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