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Abstract
Objectives: This analysis was conducted with the objective of evaluating association between waterpipe passive smoking 
exposure and asthma, and allergies among Lebanese children. Material and Methods: Data were taken from a  cross-
sectional study on children from public and private schools. A  sample of  22 schools participated in the study, where 
standardized written core questionnaires were distributed. From 5 to 12-year-old students filled in the questionnaires at 
home, while 13–14-year-old students filled it in in the class. In total, 5522 children were evaluated for the prevalence of 
asthma, allergic rhinitis and atopic eczema, and their associated factors, including waterpipe exposure due to parents’ 
smoking. Results: The descriptive results of parental smoking were, as follows: among mothers:  1609  (29%) mothers 
smoked cigarettes, 385 (7%) smoked waterpipe and 98 (1.8%) smoked both; among fathers: 2449 (44.2%) smoked ciga-
rettes, 573 (10.3%) smoked waterpipe and 197 (3.5%) smoked both. Maternal waterpipe smoking was significantly and 
moderately associated with allergic diseases (p < 0.001; ORa = 1.71), including probable asthma, rhinitis and dermatitis 
(p < 0.001 for all). Quite on the opposite, father’s waterpipe smoking was not associated with any of the diseases. Parental 
cigarette smoking demonstrated some positive effects: father’s cigarette smoking did not show association with dermatitis 
or asthma diagnosed by a physician, while mother’s cigarette smoking showed a positive association only with probable 
asthma. Moreover, no interactions between cigarette and waterpipe smoking were observed. Conclusions: Maternal water-
pipe smoking should be regarded as a high risk behavior; however, additional studies are necessary to confirm this finding.
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INTRODUCTION
Childhood asthma is the most important disease of the 
childhood [1], which is associated with high morbidity [2]. 
While its natural history is still largely unknown  [3], the 
risk factors for asthma and other allergic diseases, such as 
rhinitis and eczema, are currently being investigated [4–8]. 
So far they have been related to genetic predisposition 
and environmental exposures [7,8].

We had conducted an epidemiological study in Lebanon, 
with the objective of determining the prevalence and risk 
factors of allergic diseases in Lebanese school children. 
This study indicated the following prevalence data: 5.6% 
for diagnosed asthma,  21.4% for ever wheezing,  32.7% 
for allergic rhinitis and  11.5% for atopic eczema among 
children  13–14 years old. These results were respec-
tively:  4.8%,  14.8%,  21.2% and  11.8%, among children 
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A school served as a  sampling unit. Thirty schools were 
randomly selected from a  list of schools provided by the 
Ministry of Education; this number was chosen so as to 
allow for  6000 questionnaires to be distributed in this 
age group (if a 66.7% response rate of schools was to be 
obtained). Permission from the Ministry of Education 
ensured an easy access to the public schools, while the 
private ones could voluntarily participate. Contacts were 
made with the schools’ headmasters to explain the objec-
tive of the study and its procedure.
Thirteen public schools were contacted: 1 in Beirut; 2 in  
South Lebanon; 1 in Nabatieh;  3 in Mount Leba-
non; 5 in North Lebanon; 1 in Bekaa. In the case of pri-
vate schools, 17 were contacted: 6 in Beirut, 6 in Mount 
Lebanon; 2 in North Lebanon; 1 in Nabatieh; 2 in Bekaa. 
Eight schools (1 public and 7 private ones) refused to par-
ticipate, while 22 out of 30 (73.3%) agreed to distribute 
the questionnaires among their students between the 1st 
and 9th grades. 
Standardized questionnaires were distributed among 
children aged  5–12 years who had to take the question-
naire home so that it could be filled in by their parents 
and returned to school and picked up by the inquirer. The 
remaining questionnaires were distributed to children 
aged 13–14 years who were to fill the questionnaire in at 
school, supervised by the enquirer. No further interven-
tion by the enquirer was required during the question-
naires completion. Afterwards, the questionnaires were 
collected anonymously from all the age groups. 

Variables
The dependent variables included asthma diagnosed by 
a physician, assessed by the answer to the question: “Has 
your doctor ever said you had asthma?”. Asthma symp-
toms such as ever wheezing, last  12 months wheezing, 
and wheezing on exercise without physician diagnosis, ac-
cording to ISAAC questionnaire [16] were also evaluated. 
A  probable asthma was defined as physician diagnosed 

aged 5–12. These values were considered among the me-
dium prevalence trend noted all over the world and report-
ed by the International Study of Asthma and Allergies in 
Childhood (ISAAC) [9,10]. A previous analysis had been 
performed to determine which factors were independently 
associated with asthma, allergic rhinitis and atopic eczema. 
It is important to remember that we took into account ma-
ternal and paternal smoking, without developing smoking 
subtypes in this latter publication: we found that mother’s 
smoking was associated with probable asthma (p < 0.001; 
adjusted odds ratio (ORa) = 1.43, 95% confidence interval 
(CI): 1.23–1.64), allergic rhinitis (p = 0.004; ORa = 1.20, 
95%  CI:  1.06–1.37), but not atopic eczema (p  =  0.13; 
ORa  =  1.14, 95%  CI:  0.96–1.35). Similar results were 
found for father’s smoking (p  <  0.001; ORa  =  1.30, 
95%  CI:  1.14–1.50; and p  <  0.001; ORa  =  1.32, 
95%  CI:  1.16–1.49), respectively [11]. Although passive 
exposure to cigarette smoke is known to be a risk factor 
for asthma and allergic diseases [12–14], waterpipe smok-
ing effects on health are still largely unstudied. Up till now, 
still nothing is known about the effect of passive waterpipe 
smoking on children. 
Waterpipe smoking is more and more common among 
populations of all ages, and is falsely thought to be 
harmless  [15]. The objective of this post hoc analysis 
was to explore the effect of different smoking types on 
allergic diseases, with particular emphasis on waterpipe 
smoking. 

MATERIAL AND METHODS
Study design and procedures
The study was an analytical cross-sectional study carried 
out among school children in Lebanon in  2005. After 
translation into Arabic and back translation into English 
to ensure questions accuracy, the standardized ISAAC 
written core questionnaire was used  [16,17]. Additional 
details about the study methodology exist in specific 
publications [9,10]. 
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group, sex and governate in Lebanon by Central Admin-
istration of Statistics  [18]. Cluster effect was taken into 
account according to the method suggested by Rumeaux-
Rouquette and collaborators [19].
A p-value  <  0.05 was considered significant. The Chi2 
test  was used for comparison between categorical vari-
ables, while Student’s t-test was used for comparison of 
means between the groups. For multivariate analysis, step-
wise backward likelihood ratio logistic regressions were 
performed in the case of the diseases, taking into account 
the studied socio-demographic factors and factors that 
presented a significant or a borderline (p < 0.2) associa-
tion in a bivariate analysis. We ensured model adequacy 
to the data by the use of the Hosmer Lemeshow test. Ad-
justed odds ratios (ORa) were then calculated. Waterpipe 
smoking of a father and a mother were particularly looked 
at as the exposures of interest; the 1st level interactions 
between cigarette and waterpipe smoking of a father and 
a mother were also taken into account. A sensitivity analy-
sis of the results in different age groups was performed 
(5–12-year-old children vs. 13–14-year-old ones). 

RESULTS
Descriptive results
In this study,  7679 questionnaires were distributed, and 
the overall response rate was  72%. After weighting on 
distribution by age group, sex and governate in Leba-
non, the analysis covering  5544 questionnaires was fi-
nally performed. Descriptive results of parental smok-
ing were, as follows: among mothers: 1609 (29%) moth-
ers smoked cigarettes,  385 (7%) smoked waterpipe 
and 98 (1.8%) smoked both; among fathers: 2449 (44.2%) 
fathers smoked cigarettes, 573 (10.3%) smoked waterpipe 
and 197 (3.5%) smoked both. 

Socio-demographic characteristics and allergic diseases
In Table 1, socio-demographic characteristics of the pop-
ulation and different subgroups are presented. Public 

asthma or having suffered from any asthma symptoms 
(ever wheezing,  12 months wheezing or wheezing on 
exercise). 
Allergic rhinitis was also assessed by the question: “Have 
you ever had a  problem with sneezing, or a  runny or 
blocked nose when you did not have cold?”. In addition, 
atopic eczema was considered positive if the individual 
answered yes to one of the following questions: “Have 
you  ever had eczema?” or “Have you ever had an itchy 
rash on the folds of the elbows, behind the knees, in front 
of the ankles, under the buttocks, or around the neck, ears 
or eyes?”. Moreover, any kind of allergic disease was de-
fined as having probable asthma, diagnosed asthma or al-
lergic rhinitis, or atopic eczema. 
A particular attention was paid to waterpipe smoke expo-
sure due to parental smoking, considered as a major inde-
pendent variable. Questions about paternal and maternal 
smoking were asked: “Does your father smoke?”, “Does 
your mother smoke?”; information on the type of smoking 
was also collected (waterpipe, cigarette or both), just as 
the number of smoked cigarettes per day and the number 
of waterpipe smoked per week, where applicable. 
Other independent variables were: age, school type, sex, 
parental education, and potential risk factors of asthma 
and allergic diseases, such as parental cigarette smoking, 
parental respiratory problem, infancy gastroesophageal 
reflux, recurrent otitis, bedroom carpet presence, humid-
ity in bedroom, animal possession, type of mattress and 
pillow, heating manner. They were all considered as po-
tential confounders. 

Statistical analysis
The questionnaires were coded and the data were intro-
duced using Statistical Package for Social Sciences (SPSS) 
software, version  12.0 by independent lay persons. Data 
entry was then controlled twice, and data analysis was per-
formed by the same SPSS software. Weighting cases was 
performed according to the population distribution by age 
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only father’s and mother’s cigarette smoking were sig-
nificantly associated with physician diagnosed asthma 
(Table 1). 

DISCUSSION
In this post hoc analysis, classical risk factors for asthma 
and allergic diseases were found to be similar to what we 
had previously published [11] and to what is presented in 
the literature, i.e.,  male sex  [20], age  [3], public schools 
reflecting a lower socio-economic status [21,22] and build-
ings that are less well entertained than private schools [23], 
family history of lung diseases [8], heart disease [24], re-
current otitis  [25,26], pertussis infection  [27,28], infancy 
gastroesophageal reflux disease  [29], the presence of 
molds on bedroom walls [3,7,30], having a pet and carpet 
presence in the bedroom (an index for dust mites pres-
ence) [3,7,30,31]. A thorough discussion on the outcome 
of variables distribution and on their associated risk fac-
tors has been presented in previous publications [9–11]. 
In our models, our focus was on passive smoking exposure 
of children. Both the cigarette smoking mother and father 
were shown to be risk factors for asthma and allergic dis-
eases just as described in the literature [5,8,12,13]. How-
ever, this is the 1st study to show that waterpipe smoking 
by the mother is consistently and independently associated 
with all types of allergic diseases, including asthma symp-
toms, allergic rhinitis and atopic dermatitis. Moreover, no 
interaction between cigarette and waterpipe smoking was 
found. However, we could not assess the dose-effect re-
lationship of this association, since we did not have data 
about the mothers’ frequency of smoking. Therefore, we 
suggest future studies that could evaluate this relationship. 
Nevertheless, the chemical composition of waterpipe 
smoke, which seems to contain toxicants in quantities 
similar or even higher than cigarette smoke, may give bio-
logical plausibility for the associations we found [32–36]. 
Moreover, waterpipe active smoking was shown to be 
a cause of several respiratory diseases and cancers [37–39]. 

schools (OR  =  1.67; p  <  0.001), higher age categories 
(p < 0.001), male sex (OR = 1.36; p < 0.001), and a fa-
ther and a  mother’s lower education (p  <  0.001) were 
associated with higher odds of probable asthma, defined 
as physician diagnosed asthma or asthma symptoms (all 
wheezing) (Table 1).

Multivariate analysis of allergic diseases risk factors
Results of the multivariate analyses of allergic diseases 
risk factors are presented in Table  2. After carrying out 
the sensitivity analysis, similar ORa were found for as-
sociations of maternal and paternal smoking with aller-
gic diseases between  5–12-year-old children and those 
13–14 years old (the results not shown); thus merged res
ults were reported. 
A higher age and male sex were associated with all allergic 
diseases except for atopic dermatitis; consistent positive 
associations were found for pertussis during childhood, 
recurrent otitis, having a heart problem, humidity on bed-
room walls, infancy gastroesophageal disease, a  father’s 
and a mother’s lung disease. Moreover, being in a public 
school, having a carpet in the bedroom, heating home with 
diesel fuel and having a pet were positively associated with 
the majority of allergic diseases, while a cotton mattress 
seemed protective. 
As for parental smoking, waterpipe smoking of the moth-
er was moderately and independently associated with al-
lergic diseases (ORa = 1.71; p < 0.001); the association, 
however, did not reach statistical significance with physi-
cian diagnosed asthma (p > 0.05). Quite on the opposite, 
father’s smoking of waterpipe did not give any statistically 
significant associations with allergic diseases. 
The father’s cigarette smoking was significantly associated 
with asthma symptoms, allergic rhinitis and any type of al-
lergic disease (ORa = 1.19; p = 0.006), while the mother’s 
cigarette smoking was only associated with asthma symp-
toms. One noteworthy point is that no interactions were 
found between the types of smoking and allergic diseases; 
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Table 1. Association between socio-demographic factors and allergic diseases

Socio-demographic  
factor

Study group
(total)

(N = 5 544, 100%)
[n (%)]

Disease
[OR (95% CI)]

probable asthmaa

(N = 1 082, 19.5%)
allergic rhinitis

(N = 1 360, 24.5%)
atopic eczema

(N = 641, 11.6%)
any allergic disease
(N = 2 196, 39.6%)

School
public 1 781 (32.1) 1.67 (1.45–1.92) 1.11 (0.98–1.27) 1.10 (0.93–1.30) 1.38 (1.23–1.55) 
private 3 763 (67.9) p < 0.001 p = 0.10 p = 0.29 p < 0.001

Age (years)
5–8 1 585 (28.6) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
(> 8)–10 1 202 (21.7) 1.03 (0.84–1.2) 1.15 (0.96–1.39) 1.03 (0.82–1.31) 1.07 (0.91–1.25)
(> 10)–13 1 796 (32.4) 1.48 (1.25–1.78) 1.37 (1.16–1.61) 1.00 (0.81–1.24) 1.36 (1.18–1.56)
> 13 960 (17.3) 2.06 (1.70–2.51) 

p < 0.001
2.22 (1.85–2.66)

p < 0.001
0.98 (0.76–1.26)

p = 0.98
2.00 (1.70–2.36)

p = 0.001
Male vs. female 2 890 (52.2) 1.39 (1.20–1.59)

p < 0.001
1.05 (0.93–1.19)

p = 0.37
1.06 (0.90–1.27)

p = 0.44
1.19 (1.07–1.33)

p = 0.001
Father’s education

low 1 259 (23.4) 1.43 (1.19–1.72) 1.15 (0.97–1.37) 1.15 (0.91–1.45) 1.28 (1.10–1.49)
intermediate 2 518 (46.7) 1.09 (0.92–1.28) 1.04 (0.91–1.22) 1.02 (0.83–1.25) 1.08 (0.95–1.22)
high 1 613 (29.9) 1.00 (ref.)

p < 0.001
1.00 (ref.) 
p = 0.17

1.00 (ref.) 
p = 0.44

1.00 (ref.) 
p = 0.004

Mother’s education
low 963 (17.8) 1.39 (1.15–1.67) 1.14 (0.94–1.37) 1.09 (0.85–1.39) 1.21 (1.04–1.42)
intermediate 2 659 (49.3) 1.02 (0.87–1.20) 1.03 (0.91–1.19) 0.88 (0.73–1.08) 1.02 (0.96–1.06)
high 1 775 (32.9) 1.00 (ref.)

p < 0.001
1.00 (ref.) 
p = 0.39

1.00 (ref.) 
p = 0.17

1.00 (ref.)
p = 0.038

Child sleeping in his/her 
own bed

4 824 (87.9) 0.79 (0.65–0.96)
p = 0.02

0.82 (0.69–0.99)
p = 0.03

0.73 (0.58–0.92)
p = 0.01

0.81 (0.69–0.95)
p = 0.01

Infancy daycare 130 (23.8) 0.92 (0.79–1.08) 1.23 (1.08–1.43) 1.11 (0.92–1.33) 1.22 (1.07–1.38)
p = 0.32 p = 0.003 p = 0.29 p = 0.02

Electrical vacuum cleaner 4 917 (89.4) 0.91 (0.74–1.13) 1.19 (0.97–1.46) 1.08 (0.82–1.42) 1.00 (0.84–1.19)
p = 0.39 p = 0.10 p = 0.60 p = 0.97

Person per chamber
> 1.6 1 826 (32.9) 0.99 (0.83–1.19) 1.12 (0.95–1.33) 0.90 (0.72–1.13) 1.08 (0.93–1.25)
1–1.6 2 493 (45.0) 1.03 (0.87–1.22) 1.12 (0.96–1.32) 1.11 (0.90–1.38) 1.12 (0.98–1.30)
< 1 1 225 (22.1) 1.00 (ref.)

p = 0.92
1.00 (ref.)
p = 0.17

1.00 (ref.)
p = 0.37

1.00 (ref.)
p = 0.30

a Probable asthma includes asthma-like symptoms with or without physician diagnosis.
OR – unadjusted odds ratio; CI – confidence interval.
ref. – reference.
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CONCLUSIONS
Besides the well-known risk factors for allergic diseases, 
waterpipe smoking of a mother is found to be a  poten-
tial risk factor for these diseases too. Although addi-
tional studies are necessary to confirm these associations, 
a mother’s waterpipe smoking deserves to be taken into 
account in prevention and assessment of children with al-
lergic diseases. 
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