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Waterpipe smoking and dependence are associated
with chronic bronchitis: a case-control study in Lebanon
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ABSTRACT Waterpipe smoking and its association with chronic bronchitis has not been assessed in Lebanon.
This case-control study in Beirut in 2009/2010 evaluated this relationship: 274 cases of chronic bronchitis
and 559 controls without the condition aged > 40 years were enrolled. Data were collected by questionnaire
on: sociodemographic characteristics, respiratory symptoms, smoking (waterpipe and cigarette) and nicotine
dependence. ANOVA, Student, Kruskal-Wallis, chi-squared and Fisher exact tests were used when applicable and
logistic regression analysis was carried out. Previous waterpipe smoking (OR = 6.4), previous mixed smoking (OR =
38.03) and current mixed smoking (OR =7.68) were significantly associated with chronic bronchitis (P < 0.001 for all)
but currentexclusive waterpipe smoking was not(OR=1.87, 95% Cl: 0.74-4.72). Current waterpipe dependence was
significantly associated with chronic bronchitis (OR = 3.74, P < 0.001). After adjustment for covariates/confounders,
ever waterpipe smoking > 20 WP-years (P < 0.001) was significantly associated with chronic bronchitis.

Narguilé et dépendance et association avec la bronchite chronique : étude cas-témoins au Liban

RESUME L'usage du narguilé et son association avec la bronchite chronique n'ont pas été évalués au Liban. La
présente étude cas-témoins a Beyrouth en 2009 et 2010 a évalué cette association : 274 cas de bronchite chronique
et 559 témoins en bonne santé agés de 40 ans et plus ont été recrutés. Les données suivantes ont été recueillies au
moyen d'un questionnaire : caractéristiques sociodémographiques, symptomes respiratoires, consommation de
tabac (narguilé et cigarettes) et dépendance a la nicotine. L'analyse de la variance (ANOVA), les tests de Student,
de Kruskal-Wallis, du khi-carré et de Fisher ont été utilisés lorsqu'ils étaient pertinents et une analyse de régression
logistique a été menée. Des antécédents d'utilisation du narguilé (OR = 6,4) et de consommation mixte de tabac
antérieure a I'étude (OR =38,03) et au moment de I'étude (OR =7,68) (P< 0,001 pour tous) étaient significativement
associés a une bronchite chronique alors que ['utilisation exclusive du narguilé au moment de I'étude ne ['était
pas (OR=1,87; 1Ca 95 % : 0,74-4,72). Une dépendance au narguilé au moment de ['étude était significativement
associée a une bronchite chronique (OR = 3,74 ; P<0,001). Apres ajustements pour des co-variables/des facteurs
de confusion, une consommation supérieure a 20 narguilés-an a un moment donné dans le passé (P<0,001) était
significativement associée a une bronchite chronique.
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Introduction

Waterpipe smoking is a form of tobacco
smoking that is witnessing a surge in
popularity all over the world [1-4].
Concerns about the health risk of wa-
terpipe smoking have been voiced [5,6],
and the few studies conducted about
the health effects suggest that it leads
to cancer, genetic damage, diseases
of the lungs and other conditions in
active and passive smokers [7-12]. A
recent systematic review highlighted
the association of waterpipe smoking
with lung cancer and respiratory illness
among other deleterious effects [13].
Thus, waterpipe is considered by the
World Health Organization (WHO)
a global public health threat [5], and
given the increasing number of people
smoking the waterpipe, it is essential
to study its health effects with renewed
emphasis [ 14].

In Lebanon, waterpipe smoking
prevalence is one of the highest in the
WHO Eastern Mediterranean Region:
25% in school students (versus 9%—
16% in Gulf countries), 28% among
university students (versus 6% in Gulf
countries, 15% in the Syrian Arab
Republic and 33% in Pakistan), and
15% among adults (versus 4%—12%
in Gulf countries and 9%—12% in the
Syrian Arab Republic) [15]. There are
numerous reasons for this, including
its availability, affordability, novelty, in-
fluence of media, lack of enforcement
of antismoking laws, and its perceived
associated pleasurable effects [ 16].

In a previous study, we validated
the first dependence scale for waterpipe
smoking, the Lebanon Waterpipe De-
pendence Scale — 11 (LWDS-11). This
scale was able to discriminate between
mild, moderate and heavy waterpipe
smokers [17]. Waterpipe smoking is
thus a habit that has dimensions of
physiological (nicotine dependence),
psychological (positive and negative re-
inforcement, craving) and social nature
(conviviality and group smoking) [17],

and it may manifest in several patterns

in real life. A substantial percentage of
waterpipe smokers may not depend on
it (50%-80%, according to the quantity
smoked), and may thus smoke irregu-
larly [18]. In a national cross-sectional
study on adults aged > 40 years, 45.3%
of current waterpipe smokers were
dependent on it; 60% were exclusive
waterpipe smokers while 40% smoked
both cigarettes and the waterpipe [19].

Chronic bronchitis increases the
risk of infections and lung cancer; it may
also progress to and constitute a part
of chronic obstructive pulmonary dis-
ease (COPD) [20]. Although cigarette
smoking is the most important cause of
chronic bronchitis, waterpipe smoking
seems to have health effects similar to
those of cigarette smoking [S]. In a pre-
vious pilot study, we found relative risks
of 2.5 of physician-diagnosed respira-
tory diseases and self-reported chronic
bronchitis symptoms in waterpipe
smokers versus never smokers [21].

The objective of this study therefore
was to evaluate the association between
waterpipe smoking, waterpipe depend-
ence and chronic bronchitis in a clinical
setting. Waterpipe smoking and wa-
terpipe dependence were the exposure
variables of interest, while the outcome
variable was chronic bronchitis, defined
as abnormal production of mucus caus-
ing airflow obstruction and inflamma-
tory changes in the bronchial mucosa
leading to chronic productive cough for
at least 3 months of the year for at least
2 years [22].

Study design

We conducted a case—control study
in 2 tertiary care hospitals in Beirut
between July 2009 and June 2010, com-
paring a group of patients with chronic
bronchitis with a control group. Expo-
sure to waterpipe smokjng, waterpipe
dependence and sociodemographic
characteristics were compared between
the 2 groups.

Since the study was observational
and there participants would be un-
traceable, the Internal Review Board
(IRB) of the Lebanese University
waived the need for official approval to
perform the study, provided the study
respected patients’ autonomy and con-
fidentiality. No incentive was given to
participants and they were free to par-
ticipate or not after a verbal explanation
of the study objectives. The recorded
data were anonymous and no names
were entered.

Study population

The chronic bronchitis group (cases)
was composed of incident or prevalent
outpatient cases of patients who were
newly diagnosed as chronic bronchitis
bya chest physician and who responded
positively to the question: “Have you
had a productive morning cough for
more than 3 months a year for more
than 2 years?” [23]. Inclusion criteria
were: age > 40 years, and free of other
diagnosed respiratory diseases such as
asthma, tuberculosis, lung cancer or
fibrosis. The exclusion criterion was:
previous diagnosis of COPD.

The control group was drawn from
outpatients consulting for a variety of
problems (renal and urological, gas-
trointestinal, orthopaedic and rheuma-
tologic, cardiologic, endocrinological,
gynaecological, and ophthalmological
problems and pre-surgery consulta-
tion) and were free of any respiratory
disease or symptom. Moreover, people
accompanying cases (family members
or friends) could also be taken as con-
trols. Inclusion criterion was age > 40
years. Exclusion criteria were: previous
or current diagnosis of chronic bron-
chitis or COPD, any other diagnosed
respiratory diseases such as asthma,
tuberculosis, lung cancer or fibrosis; any
chronic respiratory symptom.

Data collection

Patients were approached bylocal inter-
viewers (spirometry technicians) after
referral of all patients fulfilling inclusion
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criteria by the pulmonologists. After
informed verbal consent, a standardized
questionnaire was used to evaluate the
following: detailed cigarette and water-
pipe smoking history, passive smoking
at home and at work (determined by
the number of smokers at home and
work, both cigarette and waterpipe), ex-
posure to smoke and fumes at work and
home (determined self-reported expo-
sure to toxic gases and fumes), history of
residency in polluted areas (ever living
close to alocal power plant/busy road),
cigarette and waterpipe dependence
scores according to Fagerstrom Test
for Nicotine Dependence (FTND)
[24] and LWDS-11 [17] respectively.
Waterpipe dependence was defined
as having a score of > 10 on LWDS-
11 [17]. Other potential confounding
variables evaluated by the questionnaire
included age, sex, education level, work
status and marital status. Chronic bron-
chitis diagnosis was made after clinical
and epidemiological testing: patients
were evaluated for chronic respiratory
symptoms such as dyspnoea, chronic
cough, and chronic expectorations,
using the American Thoracic Society
questionnaire [25].

While the LWDS-11 was specifical-
ly developed for the Lebanese context,
it showed an adequate internal con-
sistency (Cronbach alpha = 0.83) and
construct validity (r=0.72-0.78 for cor-
relation with saliva carbon monoxide)
[17]. The FTND is an internationally
used scale with variable but acceptable
levels of validity and reliability [26]; it
was adapted to Lebanon by translation
into Arabic and back translation into
English. The same translation procedure
was applied for the American Thoracic
Society questionnaire for respiratory

symptoms.

Sample size calculation

We assumed an exposure probability
to waterpipe smoke of 0.5 (represent-
ing the mean 50% of Lebanese adults
individuals who smoke and could
theoretically be exposed to waterpipe

smoke) [27] and at least 20% of these
were dependent on the waterpipe [17]
making 10% of the general population
waterpipe-dependent. Therefore with
95% confidence interval and power of
809%, the minimal sample size neces-
sary to show a twofold increase in the
risk of chronic bronchitis was 721 sub-
jects, S15 controls and 206 cases. We
increased the number of subjects above
the minimum necessary to allow for
possible missing values.

Statistical analysis

Data entry was performed by independ-
ent lay persons who were unaware of
the objectives of the study. Quality
control of data entry and data cleaning
were carried out by the authors. Sta-
tistical analysis was performed using
SPSS, version 13.0. A P-value of 0.05 was
considered statistically significant.

For between-group comparison
for continuous variables, we used
ANOVA or Student tests for variables
with adequate normal distribution. For
non-normally distributed continuous
variables and for discrete quantitative
and ordinal variables, the Kruskal-Wal-
lis test was used. For categorical vari-
ables, the chi-squared and Fisher exact
tests were used when applicable.

The dependent variable was: be-
ing diagnosed with chronic bronchitis.
Independent variables were: waterpipe
smoking and waterpipe dependence
score. Dose—effect relationships were
evaluated by trend tests. A stratified
analysis was carried out for cigarette
smoking and waterpipe smoking and
dependence to test for interactions.

Multivariate analyses were carried
out to compare measures between
comparison groups, taking into account
potential confounding variables that
had a P-value < 0.20 in the bivariate
analysis: ever cigarette smoking, sex,
residency, age, education, work status
and marital status. Logistic regression
was chosen because the dependent
variable was dichotomous: a stepwise
descendent likelihood ratio logistic
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regression was applied, and the final
models were reached. Point estimates,
95% confidence intervals (Cls) and
P-values are presented. The major in-
dependent variables were ever smoking
(>20 waterpipe—years) and waterpipe
dependence (score of > 10 on LWDS-
11). Interaction between waterpipe
smoking/waterpipe dependence and
ever smoking cigarettes was examined.
The final models were accepted after
determining adequacy of the fit with the
Hosmer & Lemeshow test. Subgroup
analyses were also carried out.

Population

A total of 833 individuals were included
in the study: 274 cases of chronic bron-
chitis and 559 controls without the
condition. There was a refusal rate of no
more than 10% (2% of cases and 10% of
controls).

Ofthe 274 cases, 121 (44.2%) were
ever told by their doctor that they suf-
fered from a chronic respiratory disease
and 42 (15.3%) had been hospitalized
at least once due to their respiratory
problem. In addition, 112 (40.9%) re-
ported that in the last 12 months, they
had periods with more cough and ex-
pectorations than usual.

Asforthe 559 controls, 355 (63.5%)
reported themselves totally healthy with
no chronic diseases or symptoms; the
rest were classified as follows: 42 (7.5%)
were consulting for cardiology prob-
lems, 15 (2.7%) for endocrinology, 19
(3.4%) for dermatology, 9 (1.6%) for
haematology/oncology, 8 (1.4%) for
nephrology, 9 (1.6%) for urology, 19
(3:4%) for gastroenterology, 8 (1.4%)
for gynaecology, 17 (3.04%) for oph-
thalmology, 3 (0.5%) for otorhinolar-
yngology and 15 (2.7%) for pre-surgery
consultation. Forty patients (7.2%) did
not give the reason for their medical
consultation and we could not follow
up on their files because the data we
gathered were anonymous.
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Baseline characteristics

Table 1 gives baseline characteris-
tics of the cases and controls. There
were significant differences between
cases and controls: cases were older (P<
0.001), with more males (P< 0.007),
had a lower education (P< 0.001), were
retired or never worked (P< 0.001), and
were widowed or divorced (P< 0.001)
(Table 1).

Smoking history

Compared to never smokers, all types
of smoking, except passive smoking
at work, were associated with a higher
risk of chronic bronchitis, although
with different strengths of association
(Table 2). For ex-smokers, waterpipe
smokers had a 6-times increased risk
of chronic bronchitis (OR = 6.40,95%
Cl: 2.55-16.11, P< 0.001) while for
current smokers, waterpipe smokers
had a 1.87-times increased risk of
chronic bronchitis (OR = 1.87, 95%
Cl: 0.74-4.72, P< 0.001). Exclusive
waterpipe dependence (OR = 3.74,
95% CI: 1.24-7.58, P< 0.001) and
being exposed to any type of passive
smoking at home (OR = 3.09, 95%
Cl: 2.25-4.23, P< 0.001) also showed
strong associations with chronic bron-
chitis.

Comparing current waterpipe—de—
pendent individuals with never smok-
ers and non-dependent waterpipe
smokers gave an OR for chronic bron-
chitis of 7.11 (95% CI: 3.57-14.17, P<
0.001).In the waterpipe-dependent
group, 32.3% had chronic bronchitis,
compared with 6.3% in the non-wa-
terpipe-dependent and non-smoker
groups. Stratifying by cigarette smok-
ing and cigarette dependence showed
no qualitative interaction (P=0.17
and P = 0.43 respectively). In the
waterpipe smoker and never smoker
subgroups, cases had a mean LWDS-
11 score of 11.05, while controls had a
mean of 2.98 (P< 0.001); in exclusive
waterpipe smokers, the scores were
18.88 for cases and 11.59 for controls
(P<0.001).

Table 1 Characteristics of cases (chronic bronchitis) and controls (without chronic

bronchitis)

Characteristic

Age (vears)
40-44
45-49
50-54
55-59
60-64
65+
Sex
Male
Female
Education
Never been to school
Primary or less
Complementary? or less
Secondary or less
University degree
Working status
Currently working
Retired
Currently unemployed
Never worked
Marital status
Married
Single

Widowed or divorced

Controls
(n=559)

%

34.5
26.3
12.7
8.6
6.6
1.3

441
55.9

2.0

8.7
121
311
46.1

66.4
8.9
0.9

23.8

83.0
13.9
31

Cases
(n=274)

%

<0.001
6.9
9.5
10.6
15.7
15.3
42.0
0.007
54.0
46.0
<0.001
3.7
294
19.9
30.1
16.9
<0.001
35.8
25.5
0.7
38.0
<0.001
85.3
6.6
8.1

“Up to 15 years of age.

Comparing ex-waterpipe smokers

with never smokers gave an OR for
chronic bronchitis of 17.28 (95% ClI:
8.74-34.16,P< 0.001). In this case, no
stratified analysis could be performed
because all the individuals in the
cigarette smoker subgroup were also
waterpipe smokers.

Dose-effect relationships

Statistically significant dose—effect
relationships were found for all kinds
of smoking (Table 3): higher cu-
mulative doses and frequencies and
durations of smoking for all groups
(ex-cigarette, ex-waterpipe, current
cigarette and current waterpipe) were
all associated with an increased risk of

chronic bronchitis (P< 0.001) (Table
3).

There wasapositive and significant
trend of increased chronic bronchitis
with increasing waterpipe depend-
ence score with never smokers as the
reference category (chronic bronchi-
tis prevalence = 6.3%). The higher
the dependence score on LWDS-11,
the higher the odds of chronic bron-
chitis: 6.7% of those with chronic
bronchitis were non-dependent wa-
terpipe smokers (LWDS-11=1-9)
(OR=1.07,95% CI: 0.30-3.80), 8.0%
were moderately dependent (LWDS-
11 = 10-16) (OR=1.30, 95% ClI:
0.28-5.98), while 45.2% were highly
dependent (LWDS-11 >16) (OR
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Table 2 Smoking history of cases (chronic bronchitis) and controls (without chronic bronchitis)

Controls (n = 559)

Cases (n =274)

OR (95%Cl)

Previous smoking
Never smoker®
Cigarette smoker
Waterpipe smoker
Mixed smoker

Current smoking
Never smoker®
Cigarette smoker
Waterpipe smoker
Mixed smoker

Actual tobacco dependence®
Never smoked?
Cigarette dependence
Waterpipe dependence
Mixed dependence

Passive smoking at home
No
Yes

Passive smoking at work
No
Yes

No. (%) No. (%)
(n=366) (n =140)
254(69.4) 7 (12.1)
0 (21.9) 6 (61.4)
21(5.7) 9(6.4)
11(3.00 8(20.0)
(n =455) (n =162)
254 (55.8) 17 (10.5)
110 (24.2) 120 (74.1)
56 (12.3) 7(4.3)
35(77) 18 (11.1)
(n=332) (n=107)
254 (76.5) 17 (15.9)
35 (10.5) 74(69.2)
39 (11.7) 8 (7.5)
4(1.2) 8 (7.5)
(n=559) (n=274)
298 (53.3) 74 (27.0)
261 (46.7) 200 (73.0)
(n=559) (n=274)
472 (84.4) 227 (82.8)
87 (15.6) 47 (172)

<0.001
1.00
16.06 (9.01-28.62)
6.40 (2.55-16.11)
38.03 (16.21-89.24)
<0.001
1.00
16.30 (9.34-28.39)
1.87 (0.74-4.72)
7.68 (3.63-16.29)
<0.001
1.00
31.59 (16.75-59.59)
3.74(1.24-7.58)
29.88 (8.17-109.30)
<0.001
3.09 (2.25-4.23)
1.00
0.557
112 (0.76-1.66)
1.00

“Never smokers are the same in all 3 comparisons; *"Waterpipe dependence was measured by the Lebanese Waterpipe Dependence Scale-11 and cigarette dependence by

the Fagerstrom Test for Nicotine Dependence.
OR = odds ratio; Cl = confidence interval.

=12.34,95% CI: 5.65-26.96) (P <
0.001 for trend).

Multivariate and subgroup
analyses

Table 4 shows the multivariate analyses
for the association between chronic
bronchitis and waterpipe smoking in
the whole sample and in subgroups. A
stepwise descendent logistic regression
was run, taking waterpipe smoking of
> 20 waterpipe-years as a major inde-
pendent variable (1 = 824; 272 chronic
bronchitis cases and 552 controls; there
were some patients with missing values
on some covariates), the final model
adequately fit the data: Nagelkerke R®
=0.546 and Hosmer & Lemeshow test
P-value = 0.062; 81.6% of individuals
were adequately classified by the model.

There was a significant positive
association between ever waterpipe

smoking and chronic bronchitis after
adjusting for all the covariates (adjusted
ORa =2.75,95% CI: 1.48-5.09, P =
0.001). After adjustment, all the other
covariables except ever living close to
a power plant (ORa = 1.50, P = 0.075)
were also significantly associated with
chronic bronchitis. The interaction
term was removed from the analysis
model because it was not significant.

Among the waterpipe smokers,
when taking waterpipe smoking of > 20
waterpipe-years as a major independent
variable (1= 180; 61 chronic bronchitis
cases and 119 controls), the final model
adequately fit the data: Nagelkerke R*=
0.765 and Hosmer & Lemeshow test P-
value = 0.884; 87.8% of individuals were
adequately classified by the model. Wa-
terpipe smoking significantly increased
the risk of chronic bronchitis (ORa =
5.65,95% CI: 1.58-20.23, P = 0.008).

Older age, ever cigarette smoking,
female gender, lower education, ever
living close to a local power plant and
air conditioning on heating mode all
increased the risk of chronic bronchitis.

In the cigarette smokers subgroup,
when taking waterpipe smoking > 20
waterpipe-years as a major independ-
ent variable (n = 480; 251 chronic
bronchitis cases and 229 controls), the
final model adequately fitted the data:
Nagelkerke R*= 0.338 and Hosmer &
Lemeshow test P-value = 0.131; 71.9%
of individuals were adequately classified
by the model. There was a positive re-
lationship between waterpipe smoking
and chronic bronchitis (ORa = 2.56,
95% CI: 1.29-5.08, P = 0.007), In ad-
dition, older age, number of smokers in
the family, lower education, ever living
close to a busy road, ever living close to
a local power plant, and heating home
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Table 3 Smoking dose-effect relationship for cases (chronic bronchitis) and controls (without chronic bronchitis)

Dose Controls (n=559) Cases (n =274) P-value OR (95% CI)
No. (%) No. (%)

Previous cigarette smoking (pack-years) (n=342) (n=131) <0.001

<1 256 (74.9) 16 (12.2) 1.00

1-18 41(12.0) 17 (13.0) 6.63 (3.11-14.16)

18.1-56 32(9.4) 47 (35.9) 23.50 (11.95-46.20)

>56 13(3.8) 51(38.9) 62.77 (28.46-138.46)
Previous waterpipesmoking (waterpipe-years)® (n=283) (n=52) <0.001

<0.1 255(90.1) 17 (32.7) 1.00

0.1-29.9 16 (5.7) 10 (19.2) 9.38(3.70-23.77)

>30 12 (4.2) 25 (48.1) 31.25 (13.42-72.78)
Current cigarette smoking (pack-years)’ (n=396) (n=151) <0.001

<1 270 (68.2) 25 (16.6) 1.00

1-18 57 (14.4) 13 (8.6) 2.46 (1.19-5.10)

18.1-45 49 (12.4) 39(25.8) 8.60 (4.78-15.46)

> 45 20 (5.1) 74 (49.0) 39.96 (21.03-75.92)
Current waterpipe smoking (waterpipe-years)® (n=341) (n=42) <0.001

<01 261(76.5) 18 (42.9) 1.00

0.1-19.9 50 (14.7) 4(9.5) 116 (0.377-3.57)

>20 30(8.8) 20 (47.6) 9.67 (4.61-20.27)
Previous waterpipe frequency (waterpipe/week) (n=286) (n=54) <0.001

<0.1 256 (89.6) 17 (31.5) 1.00

0.1-3 15(5.2) 12(22.2) 12.05 (4.88-29.75)

>3 15(5.2) 25(46.3) 25.10 (11.20-56.23)
Previous waterpipe duration (years) (n=286) (n=54) <0.001

<0.1 258 (90.2) 19 (35.2) 1.00

0.1-9.9 16 (5.6) 10 (18.5) 8.49 (3.39-21.24)

>10 12 (4.2) 25 (46.3) 28.29 (12.32-64.95)
Current waterpipe frequency (waterpipe/week) (n =345) (n=42) 0.001

<0.1 256 (74.2) 17 (40.5) 1.00

0.1-2 35(10.1) 4(9.5) 1.72 (0.55-5.41)

21-7 52 (15.1) 9 (45.2) 5.50 (2.68-11.29)

>7 2(0.6) 2(4.8) 15.06 (2.00-113.58)
Current waterpipe duration (years) (n=345) (n =42) <0.001

<01 265 (76.8) 8(42.9) 1.00

0.1-5 39 (11.3) 2(4.8) 0.76 (0.17-3.38)

51-10 34(9.9) 15 (35.7) 6.50 (3.00-1.63)

>10 7(2.0) 7(16.7) 14.72 (14.72-46.56)

“Cumulative/day,;*Cumulative/week.
OR = odds ratio; Cl = confidence interval.

by hot air were associated with chronic
bronchitis. No logistic regression could
be run on never cigarette smokers alone
because the model inadequately fit the
data.

In the current waterpipe smok-

ers subgroup when taking waterpipe

dependence as a major independent
variable (11 = 110; 23 chronic bronchitis
cases and 87 controls), the final model
adequately fitted the data: Nagelkerke
R*=0.722 and Hosmer & Lemeshow
test P-value = 0.269; 93.6% of individu-
als were adequately classified by the

model. Waterpipe dependence was as-
sociated with an increase in the odds of
chronic bronchitis but this was not sta-
tistically significant (ORa = 5.14, 95%
CI: 0.81-32.62, P = 0.083). Only older
age (ORa =2.74,95% CI: 1.50-5.02, P
= 0.001) and heating home by hot air
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Table 4 Multivariate analyses for the association between waterpipe (WP) smoking and chronic bronchitis
ORa (95% ClI)

Population/subgroup

Major independent variables & covariates

1002

All individuals Ever smoking (> 20 WP-years) 2.75(1.48-5.09) 0.001
Older age 1.57 (1.39-1.77) <0.001
Ever cigarette smoking 14.05 (8.07-24.46) <0.001
Lower education 1.45 (1.21-1.75) <0.001
Ever living close to a busy road 2.07 (1.36-3.16) 0.001
Ever living close to a power plant 1.50 (0.96-2.33) 0.075
Air conditioning on heating mode 2.25(114-4.42) 0.019
Heating home other than electrically 1.54 (1.03-2.32) 0.036
Passive smoking inside the home 1.88 (1.23-2.88) 0.004
All WP smokers Smoking (> 20 WP-years) 5.65 (1.58-20.23) 0.008
Older age 2.00 (1.36-2.95) <0.001
Ever cigarette smoking 412.01 (25.85-6565.31) <0.001
Female gender 5.02 (1.32-19.08) 0.018
Lower education 4.03 (1.70-9.52) 0.002
Ever living close to a local power plant 15.01 (2.64-85.44) 0.002
Air conditioning on heating mode 9.48 (1.24-72.52) 0.030
Cigarette smokers Ever smoking (> 20 WP-years) 2.56 (1.29-5.08) 0.007
Number of smokers in the family 1.34 (1.10-1.63) 0.004
Older age 1.56 (1.37-1.78) <0.001
Lower education 1.29 (1.05-1.58) 0.015
Ever living close to a busy road 1.66 (1.06-2.60) 0.026
Ever living close to a local power plant 1.92 (1.18-3.12) 0.009
Air conditioning on heating mode 2.22(1.06-4.66) 0.034
Current WP smokers Waterpipe dependence (=10 on LWDS-11) 5.14(0.81-32.62) 0.083
Older age 2.74 (1.50-5.02) 0.001
Female gender 4.45(0.72-27.73) 0.110
Air conditioning on heating mode 12.96 (1.06-158.27) 0.045
Central heating 4.12(0.73-23.41) 0.110

ORa = adjusted odds ratio; Cl = confidence interval.
LWDS-11= Lebanon Waterpipe Dependence Scale - 11.

(ORa = 12.96,95% CI: 1.06-158.27,
P =0.045) were significantly associ-
ated with chronic bronchitis in this sub-
group. The interaction term between
cigarette and waterpipe dependence
gave no significant result and it was re-
moved from the model.

Discussion

This is, to our knowledge, the first

case—control study that thoroughly
looked at the relationship between
waterpipe smoking, dependence and
chronic bronchitis. At first sight, water-
pipe smoking seems less harmful than

cigarette, particularly in current water-
pipe smokers. The reverse causality con-
cept could explain this whereby current
waterpipe smokers continue to smoke
as long as they are healthy. However,
the risk of chronic bronchitis was high in
current waterpipe-dependent smokers
versus non-smokers and non-water-
pipe-dependent individuals. Although
comparable results have not been re-
ported in the literature, these results
are analogous to those found by other
researchers for cigarette smoking, where
tobacco dependence increases the risk
of COPD; this finding is explained by
genetic links between tobacco depend-
ence and respiratory disease propensity

[28,29]. Similar explanations may be
applied to our findings.

We found a strong association be-
tween the risk of chronic bronchitis and
being an ex-waterpipe smoker, although
still less than that of ex-cigarette smok-
ers. A cumulative dose of 20 waterpipe-
years was also particularly implicated in
increasing the risk of chronic bronchitis.
Mixed smoking seemed to pose a partic-
ular risk: waterpipe smoking increased
the risk of chronic bronchitis in cigarette
smokers, which suggests a synergistic
interaction between cigarette and wa-
terpipe smoking is probable. The reason
why this interaction gave no significant
results in stratified analyses and was not
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retained in the final statistical models
may be because of the small number of
individuals after stratification. To our
knowledge, no studies have ever exam-
ined the interaction between cigarette
and waterpipe smoking and respiratory
diseases; specific studies will be required
to clearly show this interaction on lung
diseases, including chronic bronchitis.

Other findings of our study also de-
serve attention: we found that older age,
female gender, lower education, home
heating by solid or liquid fossil fuels (not
electrically), exposure to passive smok-
ing at home in particular and ever living
close to busy roads and a local power
plant all increased the risk of chronic
bronchitis. These characteristics and
exposures have already been shown to
increase the risk of chronic bronchitis
and COPD and have been identified as
risk factors in the GOLD recommenda-
tions [30].

Thus, we were able to show that
waterpipe smoking increases the risk of
chronic bronchitis. Although causality
relationship cannot be demonstrated,
there are internal causality factors that
increase its likelihood, such as the
dose—effect relationship and multi-
variate analyses in different subgroups.
Moreover, some external causality
criteria also exist, such as the biologi-
cal plausibility [S] and the consistency
of results with other researchers: our
results are in line with associations
found between waterpipe smoking and
chronic bronchitis (compared to ciga-
rette smoking) in Syrian women [12]
and a systematic review that showed
that waterpipe smoking was signifi-
cantly associated with “respiratory ill-
ness”, without further specifications
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Conclusion

In conclusion, besides cigarette smok-

ing, waterpipe dependence, measured
by the validated by LWDS-11 score, is
a dangerous behaviour, and exposed
individuals have an increased risk of
chronic bronchitis. Further studies are
necessary to confirm our findings.
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