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Abstract

Introduction:  Adolescence represents a critical period in which nicotine dependence (ND) symp-
toms are developing. Little is known about waterpipe (WP) smoking and developmental trajec-
tories of ND criteria across adolescence.
Aims and Methods:  Here, we aimed to identify ND trajectories from early- to late-adolescence in 
current (past 30 days) WP smokers and examine baseline correlates of each identified trajectory, 
using the International Classification of Diseases, 10th Revision (ICD-10). The analytical sample 
consisted of 278 current WP smokers from eight waves of an ongoing longitudinal cohort of eighth 
to ninth graders in Lebanon. Group-based trajectory modeling was estimated to identify trajectory 
classes for ICD-10-ND criteria over ages 11–18.
Results:  A group-based modeling approach yielded a four-class solution that best fit the data and 
reflected differences in the timing of ND onset during adolescence: no-onset of ND (43.9%), early-
onset (16.2%), mid-onset (26.6%), and late-onset (13.3%) of ND criteria. Having a less-educated 
mother (adjusted odds ratio [aOR] = 4.08, 95% confidence interval [95% CI] = 1.01% to 16.53%) and 
siblings who smoke WP (aOR = 3.95, 95% CI = 1.08% to 14.42%), exposure to favorite WP-specific 
advertisements (aOR = 3.33, 95% CI = 1.03% to 10.85%), and being a novelty seeker (aOR = 1.12, 
95% CI = 1.02% to 1.23%) were associated with early-onset of ND. Daily (aOR = 3.48, 95% CI = 1.08% 
to 11.23%) or weekly (aOR = 2.20, 95% CI = 1.05% to 4.62%) WP smokers (vs. monthly) and having 
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higher stress level (aOR = 1.07, 95% CI = 1.00% to 1.14%) were associated with mid-onset trajec-
tory. Believing that WP smoking is not harmful to health (aOR = 0.11, 95% CI = 0.02% to 0.82%) and 
spending less than 60 minutes on a WP smoking session (aOR = 5.62, 95% CI = 1.20% to 26.44%) 
were associated with late-onset ND trajectory class.
Conclusions:  Monitoring the development of ND trajectories among WP smokers may identify an 
individual as belonging to one of these four groups with distinct individual and socioenvironmental 
factors and allow the individual and health care providers opportunities to inform initiate on-time 
WP-specific tailored prevention and cessation interventions.
Implications:  The results from this study showed a four-class trajectory of ICD-10-ND criteria 
and suggested that every ND trajectory class during adolescence could have distinctive charac-
teristics and therefore provides new insights into the process of ND in terms of when and what 
specific interventions are needed to curb the development of ND and long-term WP smoking 
among youth.

Introduction

Waterpipe (WP; hookah, shisha) tobacco smoking is a widespread 
addictive and harmful behavior among young people in the Eastern 
Mediterranean Region.1,2 In many Eastern Mediterranean Region 
countries, WP tobacco smoking is already more common than cigar-
ette smoking, especially among youth.1,3 For example, in 2017, cur-
rent (past 30 days) tobacco use (mostly WP) was reported by 31.5% 
of Lebanese youth (age 13–15) compared with 11.2% who smoked 
cigarettes.4 Adolescence represents an important developmental 
period in which exposure to nicotine can cause nicotine dependence 
(ND) and harm the developing brain, negatively impacting learning 
ability and attention.5–7

Understanding the characteristics of ND development in young 
WP smokers is needed to develop effective strategies and inter-
vention to deal with it. WP tobacco smoking has several unique 
features that impact ND development in a way distinctive from 
cigarettes. Unlike smoking cigarettes, which is typically a solitary 
activity that takes about 5 minutes, a WP tobacco smoking session 
takes about 45 minutes, occurs in a relaxed socialized atmosphere, 
is stationary (WP is not portable like cigarettes), and can produce 
a pleasant aroma and taste that can serve as reinforcing sensory 
cues.8

The pace of development of ND also seems to be generally more 
rapid in WP smokers compared to cigarettes.1,9,10 This is perhaps be-
cause of WP tobacco smoking’s unique features and use patterns.9,11 
However, within the general time to ND anatomy, certain subgroups 
show unique patterns—pace—of ND development referred to usu-
ally as trajectories.12 In cigarette smokers, knowledge of such trajec-
tories has led to different developmental courses over time, which 
varies by the timing of onset, level of escalation, duration, and re-
mission of symptoms.12,13 While related trajectories are expected in 
young WP smokers, such analysis has not been conducted to date, 
mostly because of the lack of longitudinal data that documents the 
development of ND in young WP and cigarette smokers. Utilizing our 
pioneer prospective cohort data from the Waterpipe Dependence in 
Lebanese Youth (WDLY) study, we aim to (1) identify the distinctive 
developmental trajectory (latent classes) of ND among young people 
during an 8-year time span (ranged from age 11 to 18  years) and 
(2) determine individual and environmental risk factors that are as-
sociated with participants’ membership in each ND trajectory class. 
Understanding the varied trajectories of WP ND and their associated 
sociodemographic characteristics will have important implications for 
cessation efforts in terms of when and what specific interventions are 
needed.

Materials and Methods

Study Design
Data for the present study were drawn from eight waves of an on-
going interview-based longitudinal study (WDLY) among 647 ado-
lescents who were enrolled in eighth and ninth grades at baseline in 
spring 2015. Study design and procedures have been described else-
where.10,14 In brief, students from 38 (out of 178) public (n = 16) and 
private (n = 22) schools located in four regions of Lebanon (Beirut, 
Mount Lebanon, Nabatiye, and South Lebanon) were recruited and 
interviewed at 6-month intervals for waves 1–6 (2015–2018) and 
annually for waves 7 and 8 (2019–2020).

Ethical Considerations
For participants aged at least 18  years, written informed consent 
was obtained without the need for parental  or  guardian consent 
as opposed to those younger than 18 who provided parental con-
sent in addition to their assents. This study was approved by the 
Institutional Review Boards of Florida International University and 
the American University of Beirut.

Cohort for Analysis
The current study assessed data from 278 adolescents who reported 
WP smoking in the 30 days prior to any of the eight waves. For this 
study sample (n = 278), while there was no loss to follow up between 
waves 1 and 2, the retention rates were 96% (n = 267, waves 2 and 
3), 92% (n = 256, waves 3 and 4), 88% (n = 245, waves 4 and 5), 
76.2% (n = 212, waves 5 and 6), 75.1% (n = 209, waves 6 and 7), 
and 71.6% (n = 199, waves 7 and 8). Overall, n = 79 WP smokers 
were lost to follow-up by wave 8, 49 (62.0%) of whom have al-
ready met ND criteria (see below for outcome variable information). 
Private and confidential face-to-face interviews were administrated 
to collect the data on WP use patterns, symptoms of ND, individual 
and environmental characteristics known to be associated with to-
bacco initiation, use behaviors, or ND.9,15,16 We also collected the 
dates for smoking milestones, such as initiation or appearance of 
ND symptoms.14,17 During each interview, we employed techniques 
(eg, personal calendar) to facilitate the accurate recall of dates and 
events.17

Measures
Outcome Variable
ND was defined based on the International Classification of 
Diseases, 10th Revision (ICD-10), which includes 19 items with 
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Yes  or  No response choices for each item. The ICD-10 has six 
criteria and attainment of at least three of these criteria during a 
12-month period is required for the diagnosis of ND syndrome 
(see Supplementary e-Table 1).18 In this study, the number of ICD-
10-ND criteria was treated as an outcome variable (possible score 
0–6). The ICD-10 has shown high reliability in adolescent smokers 
in both the WDLY study14 and others.16,17

Covariates
The bassline covariates associated with ND were selected based on 
our previous work from the same cohort11,19 and published litera-
ture.20,21 We only used the baseline variables for our analysis since 
most (65%) of the participants who endorsed at least 1 ICD-10-ND 
criteria did so either prior to wave 1 or between waves 1 and 2. The 
covariates variable levels used as reference categories in regression 
models are underlined below.
Sociodemographic variables include age (years), gender (male or fe-
male), school type (public or private), mother and father education 
(<12 vs. ≥12 years of education), body mass index (BMI = weight 
in kg/height in m2), and regular physical activity which is defined 
as performing the physical activity at least once a week (yes or no).
Smoking-related characteristics include having at least one sib-
lings  or  friends who smoke WP or cigarettes (yes  or  no), parents 
smoke WP or cigarettes (mother or father who smoke WP or cigar-
ettes (yes or no), believing that WP smokers have more friends (agree 
vs. disagree), believing that WP or cigarette smoking is harmful to 
health (agree vs. disagree), having favorite WP ads (yes or no), age 
of initiating WP smoking (years), frequency of use (using WP on a 
daily or weekly or monthly basis in the pasts month) and quantity of 
use (number of WP heads or bowls smoked in the past month), time 
spent during a typical WP smoking session (<30 minutes or 30–60/
more than 60 minutes), and percentage of monthly income/allow-
ance spend for WP (≤10% vs. >10%). To measure the monthly in-
come/allowance of participants, we used a question asking, “What 
percentage of [monthly] income/allowance would you spend for 
WP smoking?” which was drawn from the Lebanon Waterpipe 
Dependence Scale (LWDS-10J).22 The responses were “1% or less,” 
“2%–10%,” “11%–50%,” and “more than 50%” of monthly in-
come/allowance. Since less than 3% reported either “1% or less” or 
“more than 50%” of their monthly income/allowance spend for WP, 
we collapsed the categories as at most 10% versus more than 10%.
Psychological indicators include perceived stress was measured using 
a list of stressful life events (eg, loneliness, parental divorce) typic-
ally encountered during adolescence (15 items on a four-point Likert 
scale “Not at all (0) to A whole lot (3)” with a possible score of 
0–45).23 Depressive symptoms (six items on a four-point Likert scale 
“Never (0) to Often (3)” with a total score of 0–18) were measured 
using Mellinger Depressive Symptoms Scale.24 Impulsivity (seven 
items on a five-point Likert scale “Not at all true (0) to Very true 
(4)” with 0–28 total score) was measured using a shortened version 
of the Eysenck Impulsivity Scale.17,25 Novelty seeking (nine items on 
a five-point Likert scale “Not at all true (0) to Very true (4)” with 
0–36 total score) was measured using Cloninger’s Tridimensional 
Personality Questionnaire (eg, “When nothing new is happening, 
I  usually start looking for something that is exciting”).17,26 Self-
esteem (10 items on a four-point Likert scale “Strongly Disagree 
(0) to Strongly Agree (3)” with a total score of 0–30) was meas-
ured using Rosenberg Self-Esteem Questionnaire.27 Students rated 
all psychological indicators based on their experiences on these 
events in the past 6 months preceding the survey. For all measures 

in this study, a higher score indicates that the participant is showing 
a higher endorsement of the psychological indicator. In this cohort, 
Cronbach’s alpha of the psychological measures ranged from 0.63 to 
0.81, indicating acceptable internal consistency.11

Statistical Analysis
The analysis approach is illustrated in Supplementary e-Figure 1. 
Semiparametric group-based modeling (SGM), an analytical tool 
that is available through a customized PROC TRAJ SAS macro 
developed by Nagin and coworkers,28,29 was used to identify dis-
tinctive developmental trajectories of self-reported ICD-10-ND cri-
teria among WP smokers from age 11 to 18 years.28,30 The SGM, a 
type of latent class growth analysis, describes the course of behavior 
over age or time. The PROC TRAJ software is freely available on-
line (http://www.andrew.cmu.edu/user/bjones/index.html). Because 
of the unequal time intervals between the interviews, we used a 
one-time varying covariate to adjust the dependent variable at each 
time point––namely the participants’ age at the time of attaining 
ICD-10 criteria. PROC TRAJ allowed us to utilize all available data 
(including missing observations at some time points because of loss 
to follow-up) to estimate model parameters.30–32 Because ND criteria 
were treated as a count outcome and were not normally distrib-
uted––because of a large number of zero responses for an outcome 
that resulted in skewed distributions––we applied zero-inflated 
Poisson distribution in the SGM.30–32

To determine the appropriate number of trajectory classes and 
shape for each class, a series of linear, quadratic, and cubic growth 
models (adjusted for age of smoking initiation and age at entry to 
the study) were estimated by fitting one to six classes. These growth 
models were estimated starting with a single class model followed 
by consecutively increasing the number of specified classes.30 To con-
struct a particular pattern of change, SGM provides a representation 
of the change trajectories commonly modeled via polynomial models 
(eg, quadratic, cubic) and is particularly useful for showing complex-
shaped trajectories in a parsimonious manner.33–35 Since the cubic 
term was not significant for all classes in our analysis, we applied 
quadratic term for all subsequent models. The appropriate number 
of classes was not known a priori; therefore, in order to determine 
the optimal and interpretable number of trajectory classes, we con-
sidered Bayesian Information Criteria (BIC) and Akaike Information 
Criteria (AIC) as indicators of model goodness of fit.31 The lower 
BIC and AIC values mirror model parsimony, favoring a high log-
likelihood estimate along with a lower number of parameters.31 
Participants are assigned to the trajectory for which they have the 
largest posterior probability estimate. The obtained posterior prob-
ability was used to assign each individual membership to the trajec-
tory (class) that best fits their profile of change. According to Nagin 
et al.,30,35 the average posterior probability of membership more than 
0.7 was considered as a criterion to be included in the classes since 
it also indicates acceptable internal reliability.32 The lowest mem-
bership probabilities were considered as 5% meaning that each 
potential class must have at least 5% of the sample.32,36 The SGM 
approach produces both actual (observed) and predicted values33 for 
each trajectory class that was also reported in this study. Our sample 
size was sufficient for SGM since this analysis approach can be ap-
plied to datasets of at least 100 cases.31

To ascertain whether baseline covariates varied by trajectory classes 
of ND, we performed a chi-square test for categorical variables and one-
way analysis of variance for continuous variables. Baseline covariates 
with p < .2 in the univariate analyses37 and theoretically ND-related 
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covariates (eg, gender and school type) were entered into the multi-
nomial and multivariable logistic regression models to estimate ad-
justed odds ratios (aORs) and corresponding 95% confidence intervals 
(95% CIs) in a relationship to ND trajectory classes. In the multinomial 
logistic regression model, we compared three classes (early-, mid-, and 
late-onset) to no-onset class. Then, we conducted three multivariable 
regression models comparing three classes to each other (ie, early-onset 
vs. mid-onset, mid-onset vs. late-onset, and early-onset vs. late-onset). 
Analyses accounted for the clustering of students within schools. To 
compare the age of WP smoking initiation and trajectory classes, 
we classified adolescents into three groups based on their age of WP 
smoking initiation (ie, 12 or below, 13–15, and 16 or above). All ana-
lyses were conducted in SAS STAT statistical software (Version 9.4; SAS 
Institute, Inc, Cary, NC), and a two-sided p < .05 was considered stat-
istically significant.

Results

Descriptive Results
At baseline, adolescents in the analyzed sample (n = 278) were on 
average 14.1 years old (SD = 1.2), 62.2% were female, 53.2% were 
enrolled in private school, and more than half had a parent (mother 
or father) with less than high school education (Table 1). There were 
significant differences between the four trajectory classes including 
age at baseline, having at least one sibling who smokes WP, believing 
that WP smoking is harmful to health, age at initiating WP smoking, 
frequency and quantity of WP use, time spent during a WP smoking 
session, having favorite WP ads, and novelty seeking.

Trajectory Class Characteristics
Table 2 presents fit statistics for the latent class growth modeling 
with 1–4 classes since the five-class solution was not viable because 
of false convergence in the model, meaning that PROC TRAJ failed 
to estimate model parameters for at least five classes. Therefore, we 
chose the growth model to specify the presence of four classes based 
on smaller BIC and AIC statistics with the proportion of classes 
(>5%) and the average posterior probability (for classes 1–4) as 
0.98, 0.87, 0.94, and 0.95, respectively. As shown in Figure 1, each 
time point represents the estimated number of ICD-10 criteria (mean 
with corresponding 95% CI). Based on the aforementioned prob-
abilities, it is estimated that 43.9% (n = 122) of the study sample 
belongs to class 1 (no onset of ND symptoms; hereafter “no-onset”), 
16.2% (n  =  45) to class 2 (early-adolescence ND onset; “early-
onset”), 26.6% (n = 74) to class 3 (mid-adolescence ND onset; “mid-
onset”), and 13.3% (n = 37) to class 4 (late-adolescence ND onset; 
“late-onset”).

Overall, 56.1% (n  =  156) of adolescent WP smokers experi-
enced at least one ICD-10 criterion and 27% (n = 75) attained full 
syndrome of ND (ie, reached ≥3 of 6 ICD-10-ND criteria) between 
ages 11 and 18 years. Of these 75 WP smokers, 32.0% (n = 24) were 
in early-onset, 46.7% (n = 35) in mid-onset, and 21.3% (n = 16) in 
late-onset trajectory.

Correlates of Trajectories Membership
As displayed in Table 3, compared with the no-onset trajectory 
class, adolescents in the early-onset class initiated WP smoking at 
an earlier age (aOR = 0.52, 95% CI = 0.40% to 0.67%; p < .001) 
and were more likely to have favorite WP-associated advertisements 
(aOR = 3.33, 95% CI = 1.03% to 10.85%; p = .048), adolescents in 

the mid-onset class were more likely to be daily (aOR = 2.20, 95% 
CI = 1.05% to 4.62%; p = .04) and weekly smokers (aOR = 3.48, 
95% CI = 1.08% to 11.23%; p =  .04) compared to monthly, and 
report higher stress level (aOR = 1.07, 95% CI = 1.01% to 1.14%; 
p = .049), and adolescents in the late-onset class were less likely to 
believe that WP smoking is harmful to health (aOR = 0.11, 95% 
CI = 0.02% to 0.82%; p = .03), more likely to initiate WP smoking 
at an older age (aOR = 1.36, 95% CI = 1.06% to 1.75%; 0.02) and 
spend an average of more than 60 minutes on a WP smoking session 
(aOR = 5.62, 95% CI = 1.20% to 26.44%; p = .03).

Compared with the mid-onset trajectory class, adolescents in the 
early-onset class were more likely to have a less-educated mother 
(aOR = 4.08, 95% CI = 1.01% to 16.53%; p = .04), have at least one 
sibling who smokes WP (aOR = 3.95, 95% CI = 1.08% to 14.42%; 
p = .04), report higher score in novelty seeking (aOR = 1.12, 95% 
CI = 1.02% to 1.23%; p = .02), less likely to believe that WP smokers 
have more friends, initiate smoking WP at a younger age, and report 
lower stress (aOR = 0.86, 95% CI = 0.76% to 0.97%; p = .01) and 
self-esteem (aOR = 0.74, 95% CI = 0.61% to 0.90%; p < .01) levels. 
Compared with the late-onset trajectory class, adolescents in the 
early-onset class were less likely to initiate smoking WP at an older 
age (aOR = 0.39, 95% CI = 0.24% to 0.63%; p < .001).

As shown in Supplementary e-Figure 2, we classified adoles-
cents into three groups based on their age of WP smoking initiation. 
Among those adolescents who started WP smoking at age 12 or 
below, 33% belong to early-onset, while it was 10.1% for those who 
started to smoke WP at age 13–15 and 0% for those who started at 
age 16 or over. This finding indicates a clear link between the age of 
smoking initiation and belonging to ND trajectory classes as it was 
also evident in our regression analysis.

Discussion

This pioneer longitudinal study sought to identify empirically ND 
developmental trajectory classes among adolescent WP smokers and 
their predictors using group-based trajectory modeling. In this study, 
more than half of the participants experienced at least one ICD-10 
criterion spanning from 11 to18  years old, from which 27% met 
the full criteria for ND. Four classes provided the best fitting model 
with a spectrum of developmental trajectories of ND ranging from 
showing no symptoms (no-onset; class 1) to meeting diagnostic cri-
teria for ND during early-adolescence (ie, early-onset; class 2), mid-
adolescence (ie, mid-onset; class 3), and late- adolescence (late-onset; 
class 4).

Our findings revealed several differences among the identified 
ND classes in terms of sociodemographic, smoking patterns, and 
psychological characteristics. For example, compared with those 
without symptoms (no-onset), adolescents in the early-onset ND 
trajectory class were more receptive or exposed to tobacco adver-
tising, in the mid-onset ND trajectory, there was a strong association 
with the magnitude of smoking frequency (ie, daily or weekly vs. 
monthly) and they reported a higher stress and self-esteem level, and 
in the late-onset trajectory, adolescents were less likely to believe 
that WP smoking can harm health and more likely to report a long 
smoking session. Compared to mid- or late-onset trajectory classes, 
adolescents showing early-onset ND had a mother with less than 
high school education, siblings who smoke WP, were novelty seekers, 
and reported low self-esteem.

In this study, the age-specific manifestations of ND symptoms 
allowed us to specify the ages (11–18 years) at which ND symptoms 
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occur. Consistent with our previous studies from the same cohort14,19 
and cigarette literature,12,13,15 this latent class analysis showed that 
the younger the age of smoking initiation, the faster the ND symp-
toms appear. In our analysis, a higher percentage of adolescents who 
developed full ND syndrome (46.7%) belonged to the mid-onset 
class that showed a strong association with frequency of use (daily/
weekly). One interpretation for this finding is that the availability 
of WP and opportunities for smoking probably are much higher for 
this age group (13–15 years) than other age groups during adoles-
cence, which partially supports why World Health Organization uses 
this age range to reports smoking prevalence among adolescents 
across the countries including Lebanon.4

Adolescents in the early-onset class were more receptive to to-
bacco advertising than their counterparts in the no-onset class. 
Most of the adolescents in this class began smoking WP when they 
were less than 13 years old, and this explains the fact that why they 

are one of the main target populations for WP advertisements in 
Lebanon.38 This is not surprising since the WP tobacco industry,39 es-
pecially in the Eastern Mediterranean Region, operates in an almost 
entirely unregulated market and employs deceptive marketing tech-
niques to entice children as young as 13 years old with no policies 
in place to restrict underage access to WP smoking in WP-serving 
premises.38,40,41 This lack of regulation facilitates youths’ access to 
smoking which is an established predictor of the early appearance of 
ND symptoms as evident in our study.38–40,42

Our team and others previously highlighted some of the WP 
marketing tactics that attract youth. These include, but not limited 
to, promoting WP smoking on social media (eg, Instagram),43,44 WP 
home delivery,45 and marketing campaigns targeting youth and 
women.3 The policy framework that allows Lebanon and other 
countries to respond to the WP epidemic is available through the 
Framework Convention on Tobacco Control (FCTC) treaty.46,47 
This global treaty outlines evidence-based tobacco control pol-
icies (eg, taxation, advertisement, health warnings, and clean 
indoor air) and has 182 parties with 168 signatories, including 
Lebanon.46,47 Although some countries (eg, India, Turkey, United 
Arab Emirates, and Lebanon) have WP-related policies,46,48 these 
policies are neither implemented nor enforced for the most part 
or are not adapted to WP-specific context and configuration.49 
For example, taxation needs to include other than WP tobacco 
(eg, devices, WP served in cafés), health warning labels need to 
be applied to the WP device, tobacco, and charcoal, and youth 
access should include not only purchased WP components, but 
those served in cafés and restaurants. Such adaptation and imple-
mentation will be crucial to the success of efforts to reduce WP 
smoking among youth and consequently tobacco-related mor-
bidity and mortality.

Table 2. Test Statistics for Trajectories Nicotine Dependence (ICD-
10 Criteria) Classes (n = 278)

Model BIC AIC Class size

1 1206.44 1278.86 278
2 1131.85 1119.15 186, 92
3 1070.70 1050.74 175, 58, 45
4 1023.73 994.71 122, 74, 45, 37

AIC = Akaike Information Criteria, BIC = Bayesian Information Criteria, ICD-
10  =  International Classification of Diseases, 10th Revision. The five-class 
solution was not viable because of the failed convergence, meaning that the 
PROC TRAJ failed to estimate model parameters for ≥5 classes. The lowest 
value of BIC and AIC, highlighted in bold, was selected as an optimal model.

Figure 1.  Trajectories of International Classification of Diseases, 10th Revision (ICD-10) nicotine dependence criteria in a four-class group-based trajectory model. 
Note. Class membership is based on average posterior probabilities without covariates in the model. Each time point (age) represents the mean of the number 
of ICD-10 criteria. The solid lines represent actual (observed) values of nicotine dependence (ND) trajectory classes, and the dashed lines represent predicted 
values of ND trajectory classes. The onset of ICD-10 nicotine dependence is reported as early-, mid-, and late-adolescence. Latent growth model was controlled 
for age at smoking initiation and age at the entry to the study to get a clear picture of ND trajectories during adolescence.
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The observed nuances in the pace of development of ND 
symptoms during adolescence and associated predictors be-
tween trajectory classes that alluded to above can help to imple-
ment early (ie, prior to or in the first years of middle and high 
school) tailored intervention programs to reduce WP consump-
tion, prevent the development of ND symptoms, and support 
cessation programs. These programs specifically include school-
based educational interventions (eg, stress management tech-
niques, increased self-esteem, educating parents, especially for 
those adolescents who have WP smokers in their family and are 
at greater risk of early WP smoking initiation and subsequently 
rapid experience of ND symptoms). Several tailored behavioral-
counseling services could be helpful for adolescents who already 
developed full ND syndrome at an early age. For example, public 
health practitioners can assist adolescents with WP smoking ces-
sation by following the “Five A’s”—Ask, Advise, Assist, Arrange 
Follow-up, and Anticipatory Guidance.50 These programs should 
address the specific features of WP smoking, such as its social di-
mension, unique experiences, and cues.

This study has some limitations. First, since ND trajectories were 
examined only for WP smokers, developmental patterns cannot be 
extended to cigarette smokers (because of the low sample size) in 
the WDLY study. Nevertheless, data from the next wave (wave 9) of 
the WDLY study will provide a unique opportunity to examine la-
tent class analysis for cigarette smoking and how it differs from 
the trajectory classes among WP smokers in the same population 
extended to early adulthood. Second, the longitudinal nature of this 
study makes it prone to errors in recalling dates of ND milestones. 
However, we minimized such possibilities through employing tech-
niques that improve event recall (eg, personal landmarks, bounded 
recall, decomposition, and a visual aid).14,17 For this study, schools 
with eighth and ninth grades have participated from only four re-
gions in Lebanon (Beirut, Mount Lebanon, Nabatiye, and South 
Lebanon) that were identified using a list from the Lebanese 
Ministry of Education. Although schools were considered eligible if 
they agreed to participate and provided space to ensure the privacy 
of interviews from the above-mentioned four regions, North and 
Bekaa areas with lower socioeconomic status and different demo-
graphics because of the influx of Syrian refugees issue were not 
included in this sample. Therefore, the findings may not be fully rep-
resentative of all Lebanese public and private schools. Finally, some 
of the variables had wide confidence intervals (eg, beliefs about WP 
smoking, time spent in WP smoking sessions, and mothers’ edu-
cation), and for these variables, there is a small sample or cell size 
and multiple tests so it should be interpreted with caution focusing 
on the magnitude of effects and confidence levels rather than just 
p-values alone. Despite these limitations, our findings suggest that 
every ND trajectory class during adolescence could have distinctive 
characteristics and therefore provide new insights into the process 
of ND in terms of when and what specific interventions are needed 
to curb the development of ND and long-term WP smoking among 
youth.

Conclusions

Using a cohort of adolescents WP smokers, we showed that the de-
velopmental trajectories of ND vary during adolescence by the time 
of ND symptoms onset. We also revealed that the correlates of ND 
differ according to the developmental course. Identifying class mem-
bership among youth WP smokers should be critical for developing 
cessation interventions tailored to their specific characteristics.

Supplementary Material
A Contributorship Form detailing each author’s specific involvement with this 
content, as well as any supplementary data, are available online at https://
academic.oup.com/ntr.

Funding
This study is funded by grant R01TW010654 from the National Institute 
of Health Fogarty International Center (NIH FIC) at National Institute of 
Health (PI: Dr Maziak). Dr Eissenberg’s research is supported by the National 
Institute on Drug Abuse of the National Institutes of Health under award 
number U54DA036105 and the Center for Tobacco Products of the U.S. Food 
and Drug Administration. The content is solely the responsibility of the au-
thors and does not necessarily represent the views of the NIH or the FDA.

Declaration of Interests
Dr Eissenberg is a paid consultant in litigation against the tobacco industry 
and also the electronic cigarette industry and is named on one patent for a 
device that measures the puffing behavior of electronic cigarette users and on 
another patent for a smartphone app that determines electronic cigarette de-
vice and liquid characteristics. The other authors have no conflicts of interest 
to disclose.

Acknowledgments
We thank Dr Rima Nakkash for her assistance in conducting this study. We 
are also grateful to the Lebanese Ministry of Education, school administrators, 
and students who participated in this longitudinal study.

References
	1.	 WHO. World Health Organization Study Group on Tobacco Product 

Regulation. Advisory Note: Waterpipe Tobacco Smoking: Health 
Effects, Research Needs and Recommended Actions by Regulators. 2nd 
ed. 2015. https://www.who.int/tobacco/publications/prod_regulation/
waterpipesecondedition/en/. Accessed December 8, 2020.

	2.	 Maziak  W, Taleb  ZB, Bahelah  R, et  al. The global epidemiology of 
waterpipe smoking. Tob Control. 2015;24(suppl 1):i3–i12.

	3.	 Soweid  RA. Lebanon: water pipe line to youth. Tob Control. 
2005;14(6):363–364.

	4.	 World Health Organization. WHO Report on the Global Tobacco 
Epidemic, 2017 Country Profile Lebanon. 2019. https://www.who.int/to-
bacco/surveillance/policy/country_profile/lbn.pdf. Accessed December 8, 
2020.

	5.	 Office of the Surgeon General (US), Office on Smoking and Health (US). 
The Health Consequences of Smoking: A Report of the Surgeon General. 
Atlanta (GA): US Department of Health and Human Services, Centers for 
Disease Control and Prevention (US); 2004.

	6.	 Waziry  R, Jawad  M, Ballout  RA, Al  Akel  M, Akl  EA. The effects of 
waterpipe tobacco smoking on health outcomes: an updated systematic 
review and meta-analysis. Int J Epidemiol. 2017;46(1):32–43.

	7.	 National Center for Chronic Disease Prevention, Health Promotion Office 
on Smoking and Health. Reports of the surgeon general. In: The Health 
Consequences of Smoking-50 Years of Progress: A Report of the Surgeon 
General. Atlanta, GA: Centers for Disease Control and Prevention (US); 
2014.

	8.	 Alam MM, Ward KD, Bahelah R, et  al. The Syrian Center for Tobacco 
Studies-13 (SCTS-13): psychometric evaluation of a waterpipe-
specific nicotine dependence instrument. Drug Alcohol Depend. 
2020;215(2020):108192.

	9.	 Aboaziza E, Eissenberg T. Waterpipe tobacco smoking: what is the evi-
dence that it supports nicotine/tobacco dependence? Tob Control. 
2015;24(suppl 1):i44–i53.

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/article/23/12/2056/6298583 by Saab M

edical Library,AU
B user on 19 April 2024

https://academic.oup.com/ntr
https://academic.oup.com/ntr
https://www.who.int/tobacco/publications/prod_regulation/waterpipesecondedition/en/
https://www.who.int/tobacco/publications/prod_regulation/waterpipesecondedition/en/
https://www.who.int/tobacco/surveillance/policy/country_profile/lbn.pdf
https://www.who.int/tobacco/surveillance/policy/country_profile/lbn.pdf


2064 Nicotine & Tobacco Research, 2021, Vol. 23, No. 12

	10.	Ebrahimi Kalan M, Behaleh R, DiFranza JR, et al. Natural course of nico-
tine dependence among adolescent waterpipe and cigarette smokers. J 
Adolesc Health. 2020;67(6):859–867.

	11.	Bahelah  R, DiFranza  JR, Ward  KD, et  al. Correlates of nicotine de-
pendence among adolescent waterpipe smokers. Drug Alcohol Depend. 
2016;168(2016):230–238.

	12.	Hu MC, Griesler PC, Schaffran C, Wall MM, Kandel DB. Trajectories of 
criteria of nicotine dependence from adolescence to early adulthood. Drug 
Alcohol Depend. 2012;125(3):283–289.

	13.	Hu MC, Muthén B, Schaffran C, Griesler PC, Kandel DB. Developmental 
trajectories of criteria of nicotine dependence in adolescence. Drug 
Alcohol Depend. 2008;98(1–2):94–104.

	14.	Bahelah R, DiFranza JR, Fouad FM, Ward KD, Eissenberg T, Maziak W. 
Early symptoms of nicotine dependence among adolescent waterpipe 
smokers. Tob Control. 2016;25(e2):e127–e134.

	15.	DiFranza JR, Rigotti NA, McNeill AD, et al. Initial symptoms of nicotine 
dependence in adolescents. Tob Control. 2000;9(3):313–319.

	16.	O’Loughlin J, DiFranza J, Tyndale RF, et al. Nicotine-dependence symp-
toms are associated with smoking frequency in adolescents. Am J Prev 
Med. 2003;25(3):219–225.

	17.	DiFranza  JR, Savageau  JA, Fletcher  K, et  al. Susceptibility to nicotine 
dependence: the development and assessment of nicotine dependence in 
youth 2 study. Pediatrics. 2007;120(4):e974–e983.

	18.	DiFranza JR, Savageau JA, Rigotti NA, et al. Development of symptoms of 
tobacco dependence in youths: 30 month follow up data from the DANDY 
study. Tob Control. 2002;11(3):228–235.

	19.	Ebrahimi Kalan M, Bahelah R, Bursac Z, et al. Predictors of nicotine de-
pendence among adolescent waterpipe and cigarette smokers: a 6-year 
longitudinal analysis. Drug Alcohol Depend. 2020;217(2020):108346.

	20.	Akl  EA, Ward  KD, Bteddini  D, et  al. The allure of the waterpipe: a 
narrative review of factors affecting the epidemic rise in waterpipe 
smoking among young persons globally. Tob Control. 2015;24(suppl 
1):i13–i21.

	21.	Maziak  W, Eissenberg  T, Ward  KD. Patterns of waterpipe use and de-
pendence: implications for intervention development. Pharmacol Biochem 
Behav. 2005;80(1):173–179.

	22.	Primack BA, Khabour OF, Alzoubi KH, et al. The LWDS-10J: reliability 
and validity of the Lebanon Waterpipe Dependence Scale among univer-
sity students in Jordan. Nicotine Tob Res. 2014;16(7):915–922.

	23.	Racicot S, McGrath  JJ, Karp  I, O’Loughlin  J. Predictors of nicotine de-
pendence symptoms among never-smoking adolescents: a longitudinal 
analysis from the nicotine dependence in teens study. Drug Alcohol 
Depend. 2013;130(1–3):38–44.

	24.	Brunet  J, Sabiston  CM, Chaiton  M, et  al. Measurement invariance of 
the depressive symptoms scale during adolescence. BMC Psychiatry. 
2014;14:95.

	25.	Eysenck  SB, Eysenck  HJ. The place of impulsiveness in a dimensional 
system of personality description. Br J Soc Clin Psychol. 1977;16(1):57–68.

	26.	Cloninger  CR. A systematic method for clinical description and clas-
sification of personality variants. A  proposal. Arch Gen Psychiatry. 
1987;44(6):573–588.

	27.	Rosenberg  M. Society and the Adolescent Self-Image. Princeton, NJ: 
Princeton University Press; 2015.

	28.	Jones  BL, Nagin  DS, Roeder  K. A SAS procedure based on mixture 
models for estimating developmental trajectories. Sociol Methods Res. 
2001;29(3):374–393.

	29.	Jones  BL, Nagin  DS. Advances in group-based trajectory modeling 
and an SAS procedure for estimating them. Sociol Methods Res. 
2007;35(4):542–571.

	30.	Nagin  DS, Jones  BL, Passos  VL, Tremblay  RE. Group-based multi-
trajectory modeling. Stat Methods Med Res. 2018;27(7):2015–2023.

	31.	Nagin DS, Nagin D. Group-Based Modeling of Development. Cambridge, 
MA: Harvard University Press; 2005.

	32.	Andruff  H, Carraro  N, Thompson  A, Gaudreau  P, Louvet  B. Latent 
class growth modelling: a tutorial. Tutor Quant Methods Psychol. 
2009;5(1):11–24.

	33.	Marcoulides KM. Automated latent growth curve model fitting: a segmenta-
tion and knot selection approach. Struct Equ Model. 2018;25(5):687–699.

	34.	Ram N, Grimm KJ. Growth mixture modeling: a method for identifying 
differences in longitudinal change among unobserved groups. Int J Behav 
Dev. 2009;33(6):565–576.

	35.	Nagin DS. Analyzing developmental trajectories: a semiparametric, group-
based approach. Psychol Methods. 1999;4(2):139–157.

	36.	Nagin  DS, Odgers  CL. Group-based trajectory modeling in clinical re-
search. Annu Rev Clin Psychol. 2010;6:109–138.

	37.	Bursac  Z, Gauss  CH, Williams  DK, Hosmer  DW. Purposeful selection 
of variables in logistic regression. Source Code Biol Med. 2008;3:17. 
doi:10.1186/1751-0473-3-17.

	38.	Jawad  M, Nakkash  RT, Mahfoud  Z, Bteddini  D, Haddad  P, Afifi  RA. 
Parental smoking and exposure to environmental tobacco smoke are as-
sociated with waterpipe smoking among youth: results from a national 
survey in Lebanon. Public Health. 2015; 129(4):370–376.

	39.	Jawad M, Nakkash RT, Hawkins B, Akl EA. Waterpipe industry products 
and marketing strategies: analysis of an industry trade exhibition. Tob 
Control. 2015;24(e4):e275–e279.

	40.	Jawad  M, McEwen  A, McNeill  A, Shahab  L. To what extent should 
waterpipe tobacco smoking become a public health priority? Addiction. 
2013;108(11):1873–1884.

	41.	Khalil J, Heath RL, Nakkash RT, Afifi RA. The tobacco health nexus? Health 
messages in narghile advertisements. Tob Control. 2009;18(5):420–421.

	42.	Mackay  J, Neil  S. Global tobacco epidemic. In: Loddenkemper  R, 
Michael K, eds. The Tobacco Epidemic. 2nd ed. Basel, Switzerland: Karger 
Medical and Scientific Publishers; 2015:19–26. https://www.karger.com/
Article/Abstract/369442. Accessed December 8, 2020.

	43.	Ben Taleb Z, Laestadius LI, Asfar T, Primack BA, Maziak W. #Hookahlife: 
the rise of waterpipe promotion on Instagram. Health Educ Behav. 
2019;46(1):106–113.

	44.	Salloum RG, Asfar T, Maziak W. Toward a regulatory framework for the 
waterpipe. Am J Public Health. 2016;106(10):1773–1777.

	45.	Ebrahimi  Kalan  M, Rahman  A, Gautam  P, Ben  Taleb  Z. Hookah 
home delivery: an emerging public health issue. Tob Control. 
2021;30(1):114–115.

	46.	World Health Organization. Knowledge Hub Waterpipe Tobacco 
Smoking. An Overview of Global Regulatory Practices in Controlling 
Waterpipe Tobacco Use. 2018. https://www.who.int/fctc/cop/sessions/
cop8/WHO-FCTC-Regulatory-Practices-on-water-pipes.pdf. Accessed 
December 24, 2020.

	47.	World Health Organization. Parties to the WHO Framework Convention 
on Tobacco Control. 2021. https://www.who.int/fctc/cop/en/. Accessed 
April 10 2021.

	48.	Jawad  M, El  Kadi  L, Mugharbil  S, Nakkash  R. Waterpipe tobacco 
smoking legislation and policy enactment: a global analysis. Tob Control. 
2015;24(suppl 1):i60–i65.

	49.	Nakkash RT, Torossian L, El Hajj T, Khalil J, Afifi RA. The passage of to-
bacco control law 174 in Lebanon: reflections on the problem, policies and 
politics. Health Policy Plan. 2018;33(5):633–644.

	50.	Larzelere  MM, Williams  DE. Promoting smoking cessation. Am Fam 
Physician. 2012;85(6):591–598.

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/article/23/12/2056/6298583 by Saab M

edical Library,AU
B user on 19 April 2024

https://doi.org/10.1186/1751-0473-3-17
https://www.karger.com/Article/Abstract/369442
https://www.karger.com/Article/Abstract/369442
https://www.who.int/fctc/cop/sessions/cop8/WHO-FCTC-Regulatory-Practices-on-water-pipes.pdf
https://www.who.int/fctc/cop/sessions/cop8/WHO-FCTC-Regulatory-Practices-on-water-pipes.pdf
https://www.who.int/fctc/cop/en/

