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Abstract
Background: Salameh et al. developed the Lebanese Waterpipe Dependence Scale (LWDS-11) that assesses
nicotine dependence among adult waterpipe smokers. In view of the high waterpipe use among Lebanese youth
and other neighboring countries, it was deemed necessary to check the psychometric properties of the LWDS-11,
originally adapted to the Lebanese population, to measure nicotine dependence among adolescents.
Methods: Two cross-sectional investigations were conducted; Study 1 (January and May 2019) enrolled a total of
449 students who were exclusive waterpipe smokers; this sample was used to conduct the exploratory factor
analysis. Study 2 enrolled another sample composed of 243 waterpipe smoking adolescents. This sample was
independent from the first one and was used to conduct the confirmatory analysis.
Results: The results also showed that 312 (69.5%) [95% CI 0.652–0.738] had high waterpipe dependence (scores of
≥10). Results of the factor analysis in sample 1 showed that all LWDS-11 items were extracted following the factor
analysis. Items converged over a solution of one factor; total variance explained = 70.45%, αCronbach = 0.96). The
results of the confirmatory factor analysis were as follows: the Maximum Likelihood Chi-Square = 129.58 and
Degrees of Freedom = 45, which gave a χ2/df = 2.88. For non-centrality fit indices, the Steiger-Lind Root Mean
Square Error of Approximation (RMSEA) was 0.08 [0.071–0.106]. Moreover, the Comparative Fit Index (CFI) value was
0.77.
Conclusion: The preliminary results suggest that the LWDS-11 has good psychometric properties to measure
waterpipe dependence among adolescents. We hope this tool would serve the benefit of research and
epidemiology.
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Background
Waterpipe smoking (WPS) is gaining more popularity
worldwide among adolescents, with a prevalence varying
from 6 to 34% [1]. Higher tendencies of WPS were reported in Middle Eastern countries in general, [2] and in
* Correspondence: souheilhallit@hotmail.com
1
Faculty of Medicine and Medical Sciences, Holy Spirit University of Kaslik
(USEK), Jounieh, Lebanon
2
INSPECT-LB: Institut National de Santé Publique, Épidémiologie Clinique et
Toxicologie-Liban, Beirut, Lebanon
Full list of author information is available at the end of the article

Lebanon specifically (36.9% among youth between 13
and 15 years) [3]. This might be because WPS among
adolescents is more culturally acceptable than cigarette
smoking and might also be shared with a family member
[4]. The popularity of WPS is somewhat credited to a
general misconception that it is less harmful than cigarettes [5–8]. Similar misconceptions have changed parents’ attitudes towards accepting WPS in adolescents
compared to cigarettes [9]. Waterpipe smoking was
linked to higher lipoproteins levels alone or in
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combination with cigarettes [10, 11] and risky behaviors
(alcohol, smoking, sexual relationship without condom
use, driving without seat belt, etc.) [12] in adults.
The Diagnostic Statistical Manual of Mental Disorders,
fifth edition (DSM 5) and the International Classification
of Diseases, 10th Revision (ICD-10) criteria for smoking
dependence/addiction are similar for adults and adolescents and include: 1) Bigger amounts of tobacco are consumed over a longer time than intended; 2) tolerance for
nicotine; 3) withdrawal symptoms when stopping smoking; and 4) diminished control over use and continuous
relapses after attempting to quit [13]. While waterpipe
dependence has been identified among adults [14],
evolving evidence suggest that persons like adolescents,
who smoked waterpipe for a short period, will also show
symptoms of nicotine dependence [15]. The most frequently described symptoms of nicotine dependence include craving, feeling of addiction, and failure to quit,
which were correlated to more waterpipe smoking in
terms of frequency, number and length of waterpipe
smoking sessions [16]. Symptoms of nicotine dependence due to waterpipe appear at a significantly lower
number (7.5 waterpipes compared to 27.5 cigarettes per
month) and frequency of use (6 vs 13.5 days per month)
compared to cigarette smoking [17]. However, to the
best of our knowledge, two scales only, the modified
Waterpipe Tolerance Questionnaire- Arabic version [18]
and the Syrian Center for Tobacco Studies-13 (SCTS13) [15], were developed to measure nicotine dependence levels in WPS adolescents.
Salameh et al. [19] developed the Lebanese Waterpipe
Dependence Scale (LWDS-11) that assesses nicotine dependence among adult WPS. This tool utilizes the symptoms of nicotine dependence from cigarette smoking
described in the literature, although ND symptoms
among waterpipe smokers might have different features
(such as responsiveness to social and sensory cues). In
view of the high WP use among Lebanese youth and
other neighboring countries [18, 20, 21], it was deemed
necessary to check the psychometric properties of the
LWDS-11, originally adapted to the Lebanese population, to measure nicotine dependence among
adolescents.

Methods
Participants and procedure

This cross-sectional investigation took place between
January and May 2019. A list of schools was obtained
from the Ministry of Education and Higher Education. A
sample of schools from all Lebanese districts was chosen
in a random and proportionate manner. Eighteen private
schools were contacted, 2 refused to participate as they
believed it would take too much time for the students to
fill and they didn’t want to waste their time in class. The
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16 schools were distributed as such: 4 in Beirut, 2 in
South Lebanon, 6 in Mount Lebanon, 2 in North
Lebanon, and 2 in Bekaa. No public schools were selected during this process. All students aged 12 to 17
years from each school were allowed to participate. They
had the ability to agree or decline enrollment in the
study, with no monetary payment in exchange for their
involvement. Excluded were students that declined to fill
the survey. This paper shares the same methodology as
other papers from the same project [22–27].
Minimal sample size

A minimum of ten participants per scale item is needed
according to Comrey and Lee [28]. Since the LWDS-11
scale contains 11 questions, a minimal (theoretical) sample of 110 participants was deemed necessary in order to
run an exploratory factor analysis.
Study 1: A total of 1810 (90.5%) out of the 2000 questionnaires distributed was collected back; 449 students
(24.8%) were exclusive waterpipe smokers.
Study 2: Another sample, independent from the first
one and composed of 243 adolescents (waterpipe
smokers as well), was used to conduct the confirmatory
analysis.
Measures

The form used was in Arabic, and required approximately 10 min to be completed. Students were requested
to fill out the form at school to avoid any influence from
their parents. Participants’ anonymity was guaranteed
throughout the information gathering procedure.
The first part of the questionnaire measured students’
sociodemographic information (age, sex, smoking status). Participants were divided into four groups: nonsmokers, exclusive cigarette smokers, exclusive
waterpipe smokers, and dual (waterpipe and cigarette)
smokers. Current WPS was defined as smoking ≥1
waterpipe per week [29], whereas current cigarette
smoking was defined as smoking at least one cigarette in
the last 30 days [30]. The later part of the survey included the Lebanon Waterpipe Dependence Scale-11
(LWDS-11), used to assess waterpipe dependence [19].
It includes 11 items measured on a 4-point Likert scale
ranging from 0 to 3. High waterpipe dependence was defined as having a score of LWDS-11 ≥ 10 [19] (αCronbach
in this study = 0.888).
Statistical analysis

We did not replace/impute missing data since it constituted < 10% of the full database. Reliability was checked
using Cronbach’s alpha for the total scale and its subscales. Using the FACTOR software, a polychoric (tetrachoric) correlation was initiated using the “principal
component analysis” technique of the LWDS-11 items
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in sample 1 among exclusive waterpipe smokers only.
The parallel analysis determined the number of factors
to retain. The Kaiser-Meyer-Olkin (KMO) value and the
Bartlett’s sphericity test ensured sampling adequacy. Factors with Eigen values > 1 were kept. For each test item,
the minimum cutoff value for factor loading was determined at 0.4.
SPSS AMOS v.24 software was used afterwards to conduct a confirmatory factor analysis on sample 2. Multiple indices of goodness-of-fit were described: the
Relative Chi-square (χ2/df) (cut-off values:< 2–5), the
Root Mean Square Error of Approximation (RMSEA)
(close and acceptable fit are considered for values < 0.05
and < 0.11 respectively), the Comparative Fit Index (CFI)
(acceptable values are ≥0.90) [31].

Results
In sample 1, the mean age of the participants was 15.14
years (SD: 1.13), with 46.5% males. The results also
showed that 312 (69.5%) [95% CI 0.652–0.738] had high
waterpipe dependence (scores of ≥10). Other characteristics of both samples can be found in Table 1.
Exploratory factor analysis (EFA) among exclusive
waterpipe smokers only in sample 1

All LWDS-11 items were extracted following the factor
analysis. Items converged over a solution of one factor;
total variance explained = 70.45%, KMO = 0.855 (good);
Bartlett’s test of sphericity p < 0.001; αCronbach = 0.96).
Correlation coefficients between each scale’s question
and the total score ranged between 0.627 and 0.911 (p <
0.001 for all) (Table 2).
Confirmatory factor analysis among exclusive waterpipe
smokers only in sample 2

A confirmatory factor analysis was run over another
sample independent from the first one (sample 2; N =
243), using the one-factor solution obtained in the EFA.

The results were as follows: the Maximum Likelihood
Chi-Square = 129.58 and Degrees of Freedom = 45,
which gave a χ2/df = 2.88. For non-centrality fit indices,
the Steiger-Lind RMSEA was 0.08 [0.071–0.106]. Moreover, the CFI value was 0.77.

Discussion
This study verified the psychometric properties of the
originally-adapted-for-adults LWDS-11 scale to measure
waterpipe dependence among Lebanese adolescents.
Findings of the present paper suggest that the LWDS-11
has an excellent internal consistency (reliability) and
evaluates waterpipe dependence in one single area,
which includes psychological dependence (positive and
negative reinforcement), physiological dependence (nicotine effect) and addictive aspect (money to be paid and
potential duration of abstinence). The LWDS-11 questions were able to tackle all aspects of waterpipe dependence, including its social aspect, making this scale
thorough in its assessment. Moreover, LWDS-11 items
can be completed in less than 5 min, making it a very effective tool for research and practice to identify adolescents with waterpipe dependence.
Factor analysis

Results of this study revealed that the LWDS-11 test
items converged over a solution of one factor among exclusive waterpipe smokers. Those results are different
than the ones obtained in the original validation of the
LWDS among adults [19] where four dimensions were
found: physiological nicotine dependence, termination of
dysphoric states or negative reinforcement, psychological
craving, and positive reinforcement (encompassing
pleasure and social interaction). This leads us to underline that the concept of waterpipe dependence possibly
varies between adolescents and adults. Further research
are needed to understand those differences.

Table 1 Sociodemographic characteristics of the sample population
Original sample (N = 1810)

Sample 1
(N = 449)

Sample 2
(N = 243)

Male

844 (46.7%)

209 (46.5%)

70 (17.4%)

Female

963 (53.3%)

240 (53.5%)

333 (82.6%)

Non-smokers

1342 (74.1%)

–

–

Exclusive cigarette smokers

395 (21.9%)

–

–

Sex

Smoking status

Exclusive waterpipe smokers

449 (24.9%)

449 (100%)

243 (100%)

Dual (cigarette and waterpipe) smokers

376 (20.8%)

–

–

Mean ± SD

Mean ± SD

Mean ± SD

15.42 ± 1.14

15.14 ± 1.13

16.55 ± 0.97

Age (years)
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Table 2 Principal component analysis of the LWDS-11 items among waterpipe smokers only (N = 449)
LWDS-11 item

Factor 1

h2
communalities

Item-total correlation*

LWDS 1. Number of times you could stop waterpipe for 7 days?

0.881

0.776

0.884

LWDS 2. Percent of income you would spend on waterpipe smoking?

0.667

0.445

0.665

LWDS 3. Number of days you could spend without waterpipe?

0.806

0.649

0.815

LWDS 4. Number of water pipes you usually smoke per week?

0.622

0.387

0.627

LWDS 5. You smoke waterpipe to relax your nerves.

0.848

0.719

0.853

LWDS 6. You smoke waterpipe to improve your morale.

0.843

0.710

0.847

LWDS 7. Do you smoke waterpipe when you are seriously ill?

0.917

0.841

0.909

LWDS 8. Do you smoke waterpipe alone?

0.888

0.789

0.882

LWDS 9. Are you ready not to eat in exchange for a waterpipe?

0.898

0.806

0.890

LWDS 10. You smoke waterpipe for pleasure.

0.884

0.782

0.885

LWDS 11. You smoke to please others (for conviviality)

0.919

0.845

0.911

Percentage of variance explained

70.45

Cronbach’s alpha

0.96

*p < 0.001 for all correlations

However, it is well known that the earlier smoking
starts, the higher the chances of becoming addicted [32].
An experiment on tobacco use by adolescents considerably increases their risk of smoking in adulthood [33].
Physical and psychological dependence symptoms arise
early after smoking initiation, with consequently higher
consumption of tobacco [34]. Nicotine dependence can
mark the transition from testing to regular smoking [35]
and can increase the frequency of smoking as this transition occurs [36]. In addition, the social aspects of WPS
attract adolescents, who recognize it as a stylish and
nontoxic alternative to cigarettes, with lesser dependence
potential [20]. In reality, findings reveal the exposure of
WP smokers to big amounts of nicotine and exhibit
nicotine-dependence symptoms similar to those experienced by cigarette smokers [14, 37]. Therefore, intervention and prevention strategies for waterpipe smoking
must start early in adolescence and can have the ultimate influence by educating adolescents about the dangerous and addictive properties of WP, by coaching them
about positive coping techniques, and addressing the use
of waterpipes by family members and peers.

Prevalence of waterpipe smokers in our sample

The percentage of adolescents with high waterpipe dependence (22.5% out of the total sample N = 1810 and
69.5% among waterpipe smokers) was higher than the
prevalence of adolescents in Oman (9.6%) [21]. A systematic review [38] showed that the prevalence in the
Middle Eastern countries was the highest, ranging from
12.9% in Iraqi adolescents in 2008 to 65.9% among Lebanese dents in Beirut (Lebanon) in 2002. The prevalence
in Europe ranges from 12.0% in an English city to 49.5%

in Swedish adolescents in 2011. Similar ranges were
found in the United States (3.0–44.0%).
Limitations

This study has few limitations. Information bias may be
present because questions may not have been correctly
understood. The study design is cross-sectional, thus,
cannot assess the variation of the nicotine dependence
symptoms through time. The use of a tool with answers
following a Likert scale is likely to limit the variability of
the items and may affect the factor structure. A selection
bias is present since adolescents who do not attend
schools were not approached and because of the schools
selection process. A social desirability bias might also be
present, since students tend to answer questions in a
manner that will be positively viewed by others. No testretest was done during the LWDS-11 scale. The CFA results were not very satisfactory; they were verified by the
Maximum Likelihood Chi-Square value, borderline for
the RMSEA value but below the minimum for the CFI
value. Further studies are needed to assess the psychometric properties of the LWDS among adolescents. Finally, the results of this study cannot be generalized to
the whole population since adolescents not enrolled in
schools and those enrolled in public schools were
excluded.

Conclusion
The preliminary results of this study suggest that the
LWDS-11 has good psychometric properties to measure
waterpipe dependence among adolescents. We hope this
tool would serve the benefit of research and
epidemiology.
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