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Abstract
Objectives: To validate a scale to assess the hygiene hypothesis and the association between
hygiene and asthma among Lebanese preschool children aged 3–5 years.
Methods: This cross-sectional study, conducted between November 2018 and March 2019,
enrolled 515 preschool children. Asthma and potential risk factors, including hygiene, were
assessed using a standardized questionnaire. A specific hygiene hypothesis scale has been generated and validated for this purpose.
Results: The hygiene hypothesis scale items converged over a solution of nine factors that had
an Eigenvalue over 1, explaining a total of 65.86% of the variance. An acceptable Cronbach’s
alpha value was recorded for the hygiene hypothesis scale (0.696). Variables correlated with
higher odds of asthma were male gender (ORa = 0.41 for females), living near a prairie sprayed
with pesticides (ORa = 3.09), having a heating system in the bedroom compared to the sitting
room (ORa = 9.97), attending kindergarten (ORa = 2.80), having a mother who smokes waterpipe compared to not smoking (ORa = 3.34), having a mother with a history of asthma (ORa =
5.50), and having respiratory infections (ORa = 14.72). However, the hygiene hypothesis score
was not associated with higher odds of asthma (p = 0.881).
Conclusions: The current results suggested that neither home cleaning nor personal cleanliness
was correlated with asthma in preschool children. Larger prospective studies that measure the
intensity and duration of exposure to each toxicant are suggested to better assess the hygiene
hypothesis items and their association with asthma.
© 2021 Codon Publications. Published by Codon Publications.
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Introduction
Asthma is one of the most common respiratory illnesses
worldwide.1 Despite progress in healthcare and pharmacotherapy, its prevalence is still on the rise and varies
between 2 and 30% according to an international multicenter study.2 The prevalence of asthma may now be
increasing in formerly low-risk, low- and middle-income
countries, while it has reached a plateau in many high-risk,
high-income countries.2 High rates of asthma have been
reported in some low-income cities,2 where overcrowding, poor hygiene, and a high burden of infectious diseases
prevail.
Nevertheless, the “hygiene hypothesis” introduced by
Strachan in 19893 provides a widely accepted explanation
for the increase in the prevalence of asthma and allergies
in industrialized countries: reduced exposure to certain
micro-organisms at an early age is purported to increase
the risk of allergic diseases at a later stage in life.4 The U.S.
Food and Drug Administration defines the hygiene hypothesis to the lay public as “the extremely clean household
environments, often found in the developed world, that
fail to provide the necessary exposure to germs required
to ‘educate’ the immune system so it can learn to launch
its defense responses to infectious organisms”.5 It has been
suggested for decades that living on a farm during childhood or being born to a mother exposed to a farm environment during pregnancy could have protective effects
against asthma by modulating the immune system and
deviating it to non-allergic pathways.6 This theory underwent several changes; at first, it was based on the fact that
“allergic diseases were prevented by an infection in early
childhood, transmitted by unhygienic contact with older
siblings”.3 More recently, with the increased use of detergents and disinfectants in homes, the focus shifted from
the infection theory to that of “sterile” houses, thus introducing the “cleanliness hypothesis”.7
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to some environmental factors is linked with higher interleukin-10,15 providing a biologically plausible association
between continuous bacterial exposure and decreased
tissue inflammation. The association between childhood
infections, atopic diseases, and unfavorable childhood
experiences reveals an immune-mediated system that integrates and even surpasses the hygiene hypothesis.16

Arguments opposed to the hygiene hypothesis
Several facts contradict the hygiene hypothesis, such as
parasitic worms whose effect on asthma varies according
to several factors, including species, intensity and duration
of infection, and age at first infection.17 Moreover, recent
epidemiological, molecular, and experimental evidence
deviate the blame from personal hygiene measures. Hence,
if the contact with microbial components and house dust
through the airways causes asthma, then hygiene and
cleanliness are unlikely to be responsible for this pathway.
Consequently, hygiene measures do not have an impact on
chronic inflammatory and allergic disorders.11
A review published in 2017 found that individualities could make certain factors either protective, or not,
towards the development of asthma. Microbiome differences may be due to genetic and immunological differences between geographically distinct groups of people.
Furthermore, microbial exposure has induced different
effects on people depending on whether the germs were
harmless or pathogenic.18 Communicable viral infections are another factor to be taken into consideration.
Epidemiological studies in developing countries refute
the link between the decreased risk of allergy and disease-causing germs. Indeed, research revealed that measles and respiratory diseases were non-protective against
allergic diseases and that, in many cases, they have even
increased the risk of allergies.19

Arguments in favor of the hygiene hypothesis

Assessing the hygiene hypothesis

The hygiene hypothesis takes into consideration the active
role that the personal microbiome plays from conception and throughout life8: maternal microbes colonize the
human gut when babies are in utero, during birth, and
during breastfeeding.8 The first few years of life is the limited time-frame during which the immune system correctly
matures through exposure to microbes. Otherwise, disrupted host–microbe interactions may occur, paving the way
for immunological reactions that further lead to the emergence of allergic diseases.9 During childhood, every contact
with family members, playing in the dirt, and sharing toys
lead to collecting microbiota. Based on these contacts,
the immune system develops eventually.8,10 Moreover, the
excessive use of antibiotics, particularly during pregnancy,
may affect gut microbiota and increase the risk of allergic disorders in early childhood.11–13 In addition, changes in
maternal microbiota by antibiotics/inadequate diet cause
not only acute effects but are also transmitted to future
generations.14 Later in life, the microbiome will be affected
by urbanization, and changes in environment and lifestyle
that are contributing factors to altered exposure to important microbes.11 Poor hygiene resulting from the exposure

The major problem associated with studying hygiene
behavior is how to measure it. Direct observation may be
difficult, and, as with self-reporting, it may be affected by
the participant’s need to project socially desirable standards of hygiene.20 Regarding hand hygiene behavior, it is
based on self-reports, observation, and proxy measures,
such as illness rates and the use of soap.21 A first scale was
developed and validated by Stevenson et al.,22 taking into
consideration all aspects of the hygiene hypothesis, including various forms of hygiene behavior. A few years later,
drawing inspiration from Stevenson’s scale and adding new
items to it, Weber et al.7 created another scale to measure
self-reported general, household, food-related, hand, and
personal hygiene. Moreover, many studies on the composition of household dust have assessed household cleaning
habits, such as sweeping the floor or changing bedding.23

Hygiene measures and asthma
Many epidemiological studies were conducted to test the
hygiene hypothesis, and resulted in inconsistent findings,24
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which may be explained by the use of different definitions
and phenotypes of asthma (e.g., atopic vs. non-atopic) and
various comparison groups.25 This inconsistency may also
derive from different underlying mechanisms and associated environmental exposures, leading to difficulties in
assessing hygiene components. Epidemiological research,
directly evaluating the association between household
or personal hygiene and the development of allergies,
is scarce, and only studies conducted in developed and
upper-middle-income economy countries (e.g., Germany,7
the Netherlands,26 and Belarus27) have demonstrated this
relationship. In contrast, many studies have demonstrated
the association between factors related to poor hygiene
and higher odds of non-atopic asthma/wheezing.28,29 A systematic review of observational studies conducted in Latin
America to evaluate the association between the hygiene
hypothesis and asthma/wheezing revealed that most exposure studies did not show an association with wheezing or
asthma.30
To the best of our knowledge, no studies have been conducted in Lebanon to assess the association between the
hygiene hypothesis and asthma among children in Lebanon,
a middle-income developing country with a high prevalence
of asthma.31 Therefore, our objectives are to validate the
scale created by Weber et al. to assess the hygiene hypothesis and to evaluate the association between hygiene and
asthma among Lebanese preschool children aged 3–5 years.

Methods
Study design
This cross-sectional study was conducted, between
November 2018 and March 2019, on a sample of preschool
children aged 3–5 years drawn from three private schools
in three different governorates in Lebanon. A total of
10 schools, from all districts in Lebanon (Beirut, Mount
Lebanon, North, South, and Bekaa), were contacted; seven
refused to participate. The three schools that accepted
were located in three districts: Beirut, Mount Lebanon,
and North Lebanon. The study questionnaire was sent to all
parents since all preschool children in those schools were
eligible to participate. Children whose parents refused to
participate in this study were excluded.

Sample size calculation
In the absence of similar studies in Lebanon, the sample
size was calculated using Epi info following the criteria
hereafter: a population size of 6 million, a theoretical frequency of 50% of hygiene measures, and a 5% confidence
limit. A sample of 384 children was calculated to provide
adequate power for bivariate and multivariate analyses.

Questionnaire and variables
A pretested self-administered questionnaire used was
adapted to the local Arabic language (the native language
in Lebanon) from the standardized and validated American
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Thoracic Society chronic respiratory disease questionnaire
(International Study of Asthma and Allergies in Childhood –
ISAAC). It was translated into Arabic then back into English
to ensure the accuracy of questions; next, it was pretested
on a sample of 10 parents and required no modifications,
thus, the recorded results were included in the study. The
same questionnaire had already been used in Lebanon in
studies with older children.32–35
The first part of the questionnaire assessed the
socio-demographic characteristics of the children, including age, gender, region, number of rooms and number of
persons living in the house, education level of both parents
(assessed based on the number of years of schooling, i.e.,
illiterate, primary, complementary, secondary, university),
family history of asthma, and other known risk factors of
asthma (the heating system used at home, child history of
recurrent otitis, humidity inside the house, child attending
a nursery, etc.).
The second part included questions on the diagnosis
and symptoms of asthma among children. The diagnosis
of declared asthma was defined by an affirmative answer
to the question: “Has your doctor ever told you that your
child has asthma?”, while chronic respiratory symptoms
were defined by the presence of one of the following symptoms: recurrent wheezing (during the day, evening, night,
the whole day, or at exercise), recurrent cough (during the
day, evening, night, the whole day, or at exercise), a history of more than one episode of dyspnea with wheezing
treated by a doctor. Questions about wheezing and night
coughing without having a cold were also taken from the
ISAAC questionnaire.
The third section included questions related to factors generally associated with asthma, namely parental
asthma36; prenatal exposure to medications (antibiotics,
paracetamol)36,37; alcohol use38 and smoking39,40 during pregnancy; preterm delivery41; passive smoking and environmental exposure to toxicants39,40; number of older siblings;
medication or alcohol intake during breastfeeding; reflux;
atopy; exposure to pesticides (occupational, regional,
local, and domestic)39,40; and the use of cleaning products
at home.42 The exposure to pesticides was recorded using
the following questions: ‘‘Have you ever used pesticides in
your work?’’; ‘‘Have you ever used pesticides out of your
work (for house or garden treatment…)?’; ‘‘Do you live in
a region heavily treated by pesticides?’’; ‘‘Do you live in
the proximity of a heavily treated field by pesticides?’’
along with the duration of exposure during work (which
can bring pesticides home through particles sticking to
clothes) and the number of times the house or the garden
gets sprayed by pesticides per week or year. Passive smoking was characterized by the number of smokers at home.
The use of detergents was determined by questions about
who uses these products at home, the type of detergents,
and whether or not these products are mixed when cleaning the house. Additional information was also recorded
regarding the heating system used at home, the presence
of an air conditioner and humidifier, humidity or mold on
the walls at home, a history of recurrent otitis of the child,
tonsillectomy, cardiac problems, premature birth, and
attending kindergarten.
This last section was dedicated to the hygiene hypothesis and consisted of 46 questions: 32 were taken from a
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previous study7 and 14 were added based on the Lebanese
experience. Some examples include: “How many times do
you clean the bathroom per week?”; “How many times do
you clean the kitchen per week?”; “How many times do you
wash the child’s hands after playing outside? After using
the toilet? Do you clean his hands with or without soap?”
A total score was computed by summing the answers to all
questions, with higher scores indicating more cleanliness at
home.

Statistical analysis
Data analysis was performed on SPSS software, version 23.
Descriptive statistics included the frequency (percentage)
for categorical variables and mean (standard deviation)
for continuous variables. The Chi-square test was used to
evaluate the association between categorical variables
and the presence/absence of asthma, whereas the Student
t-test was used to evaluate the association between continuous variables and the dependent variable. To confirm
the validity of the construct of the hygiene hypothesis
questionnaire in the Lebanese population, a factor analysis was performed using the principal component analysis (PCA) technique, with a promax rotation since the
extracted factors were found to be significantly correlated.
The Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity were checked for
adequacy. The retained number of factors corresponded
to Eigenvalues higher than 1. Moreover, Cronbach’s alpha
was computed to assess the reliability of the total score
and subscale factors. To minimize confounding, a backward
logistic regression was performed, taking the presence/
absence of asthma as the dependent variable and taking all
variables that showed a p < 0.1 in the bivariate analysis as
independent variables. In all cases, a p-value of less than
0.05 was considered significant.

Results
Out of 700 questionnaires distributed, 515 (73.57%) were
completed and collected back: 425 (82.5%) were completed
by the mother, 68 (13.2%) by the father, and 22 (4.3%) by
both. The sociodemographic characteristics of the children
are summarized in Table 1. The mean age of children was
4.44 ± 0.83 years, 46.0% were girls, the majority (75.7%)
lived in Mount Lebanon, and 8.2% [95% CI 5.8–10.5] were
diagnosed with asthma.

Factor analysis
The PCA was run over the whole sample (N = 515) for the
hygiene hypothesis scale. Out of all 46 items, 22 items
were removed, either because of over-correlation to
each other (r > 0.9), low loading on factors (<0.3), or low
communality (<0.3). The remaining items converged over
a solution of nine factors that had an Eigenvalue over 1,
explaining a total of 65.86% of the variance (KMO = 0.621;
Bartlett’s test of sphericity, p < 0.001; αCronbach = 0.696)
(Table 2).
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Table 1

Sociodemographic characteristics of the children.

Variable

Frequency
(%)

Sex
Male

278 (54.0%)

Female

237 (46.0%)

Mohafaza
Beirut
Mount Lebanon
North/South/Bekaa

87 (16.9%)
390 (75.7%)
38 (7.4%)

Physician-diagnosed asthma
No

463 (89.9%)

Yes

42 (8.2%)
Mean ± SD

Age (in years)

4.44 ± 0.83

Number of siblings older than the child

0.85 ± 0.98

Number of siblings younger than the child

0.48 ± 0.82

Bivariate analysis
The results of the bivariate analysis of factors associated
with asthma are summarized in Table 3. A significantly
higher proportion of boys compared to girls (11.2% vs.
4.6%). Additionally, those who had respiratory infections
before the age of 2 (48.9% vs. 6.2%); those living near a
prairie sprayed with pesticides (13.6% vs. 7.0%); playing
outdoors (11.1% vs. 4.9%); having respiratory problems preventing activities (20.6% vs. 7.3%); born premature (22.2%
vs. 7.4%); attending kindergarten (10.6% vs. 5.2%); having
a father and brother with food allergy (40.0% vs. 7.5% and
33.3% vs. 7.9%, respectively); having a mother who smokes
cigarette compared to waterpipe or both; having a father
with an allergy to medications (50.0% vs. 7.8%); having a
sister with seasonal allergy (28.6% vs. 7.6%); having a sister and a brother with allergic rhinitis (100.0% vs. 7.6% and
40.0% vs. 7.8%, respectively); having reflux (18.6% vs. 7.2%);
having had eczema before the age of 2 (17.6% vs. 7.5%); and
having a heater in the bedroom rather than in other rooms
of the house had asthma.
Finally, no significant difference in terms of the hygiene
hypothesis total score or any of its nine factors (p > 0.05
for all variables) was found between children with or
without asthma, and no significant difference was found
between the hygiene score and the respiratory symptoms
(wheezing, cough, and bronchial secretions) (p > 0.05 for
all variables) (data not shown). Figure 1 shows the mean
scores of hygiene hypothesis factors between asthmaticand
non-asthmatic children.

Multivariable analysis
A backward logistic regression, taking the presence/
absence of asthma in a child as the dependent variable,

Hygiene and asthma in pre-school children
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Promax rotated matrix of the hygiene hypothesis scale items.

Factor

Factor
1

Number of times of liquid detergent
use on the floor per week
Number of times of wiping the floor
per week
Number of times of dusting the house
per week
Number of times of liquid detergent
use on surfaces per week
Number of times of cleaning the
bathrooms per week
Number of times of whitening
products used per week
Number of times of cleaning the
kitchen per week
Number of times of washing the
child’s hands with soap before
eating per day
Number of times of washing the
child’s hands without soap before
eating per day
Number of times of washing the
child’s hands with soap after
playing outside per day
Number of times of washing the
child’s hands without soap after
playing outside per day
Number of times of washing the
child’s hair with shampoo per
week
Number of times of showering the
child per week
Level of the parents’ bedroom in the
house (which floor)
Level of the child’s bedroom in the
house (which floor)
Swimming in an indoor pool
Number of times of washing the
child’s hands with soap after using
the toilet per day
Number of times of washing the
child’s hands without soap after
using the toilet per day
Presence of compost containers
inside the house
Presence of compost containers
outside the house
Number of pets at home
Presence of a fish tank in the house
Biting nails
Number of times of cutting nails per
month
Cronbach’s alpha
Percentage of variances explained

0.834

Factor
2

Factor
3

Factor
4

Factor
5

Factor
6

Factor
7

Factor
8

Factor
9

0.737
0.674
0.674
0.650
0.627
0.564
0.905

0.891

1

0.991

0.868

0.844
0.872
0.856
0.707
0.649

0.645

0.838
0.682
0.767
0.669
0.726
0.689
0.805
15.08

0.817
11.34

0.977
7.17

0.691
6.68

0.617
6.29

0.667
5.78

0.290
4.79

0.222
4.56

0.228
4.17

Factor 1: cleaning the house; Factor 2: washing hands before eating; Factor 3: washing hands after playing outside; Factor 4:
showering (body and hair); Factor 5: level of the bedrooms in the house (which floor); Factor 6: indoor swimming pool and
washing hands after toilet use; Factor 7: the presence of compost in/out the house; Factor 8: the presence of animals in the
house; Factor 9: nail-biting and cutting.
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Bivariate analysis taking the presence/absence of asthma in a child as the dependent variable.

Gender
Male
Female
Living near a prairie sprayed with pesticides
Yes
No
Respiratory infections before 2 years of age
Yes
No
Playing outdoors
Yes
No
Respiratory problems preventing activities
Yes
No
Premature birth
Yes
No
Hospitalization after birth
Yes
No
Attending kindergarten
Yes
No
Mother – smoking
No
Cigarette
Waterpipe
Cigarette and waterpipe
Father with food allergy
Yes
No
Brother with food allergy
Yes
No
Father with medications allergy
Yes
No
Sister with seasonal allergy
Yes
No
Asthma in a family member (mother)
Yes
No
Asthma in a family member (father)
Yes
No
Asthma in a family member (sister)
Yes
No
Asthma in a family member (brother)
Yes
No
Asthma in a family member (others)
Yes
No

Absence of asthma in child
N = 473 (91.8%)

Presence of asthma in child
N = 42 (8.2%)

247 (88.8%)
226 (95.4%)

31 (11.2%)
11 (4.6%)

76 (86.4%)
397 (93.0%)

12 (13.6%)
30 (7.0%)

23 (51.1%)
440 (93.8%)

22 (48.9%)
29 (6.2%)

240 (88.9%)
233 (95.1%)

30 (11.1%)
12 (4.9%)

27 (79.4%)
445 (92.7%)

7 (20.6%)
35 (7.3%)

21 (77.8%)
451 (92.6%)

66 (22.2%)
36 (7.4%)

25 (83.3%)
447 (92.4%)

5 (16.7%)
37 (7.6%)

254 (89.4%)
218 (94.8%)

30 (10.6%)
12 (5.2%)

331 (94.0%)
41 (85.4%)
98 (87.5%)
2 (100.0%)

21 (6.0%)
7 (14.6%)
14 (12.5%)
0 (0.0%)

6 (60.0%)
466 (92.5%)

4 (40.0%)
38 (7.5%)

4 (66.7%)
468 (92.1%)

2 (33.3%)
40 (7.9%)

2 (50.0%)
471 (92.2%)

2 (50.0%)
40 (7.8%)

10 (71.4%)
463 (92.4%)

4 (28.6%)
38 (7.6%)

8 (66.7%)
465 (92.4%)

4 (33.3%)
38 (7.6%)

6 (66.7%)
467 (92.3%)

3 (33.3%)
39 (7.7%)

1 (25.0%)
472 (92.4%)

3 (75.0%)
39 (7.6%)

8 (1.7%)
465 (98.3%)

3 (7.1%)
39 (92.9%)

13 (72.2%)
460 (92.6%)

5 (27.8%)
37 (7.4%)

p-value
0.007

0.039

<0.001

0.010

0.006

0.006

0.080

0.028

0.048

<0.001

0.024

0.002

0.005

0.001

0.005

<0.001

0.019

0.002

(continues)
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Continued.
Absence of asthma in child
N = 473 (91.8%)

Allergic rhinitis in family members (sister)
Yes
No
Allergic rhinitis in family members (brother)
Yes
No
Child reflux
Yes
No
Eczema before 2 years
Yes
No
Skin rash for at least 6 months
Yes
No
Heating home using wood
Yes
No
Yes
No
Place of the heating system
Sitting room
Bedroom
All the house

Presence of asthma in child
N = 42 (8.2%)

p-value
<0.001

0 (0.0%)
473 (92.4%)

3 (100.0%)
39 (7.6%)

3 (60.0%)
470 (92.2%)

2 (40.0%)
40 (7.8%)

35 (81.4%)
437 (92.8%)

8 (18.6%)
34 (7.2%)

28 (82.4%)
445 (92.5%)

6 (17.6%)
36 (7.5%)

24 (82.8%)
449 (92.4%)

5 (17.2%)
37 (7.6%)

33 (84.6%)
440 (92.4%)
326 (93.4%)
147 (88.6%)

6 (15.4%)
36 (7.6%)
23 (6.6%)
19 (11.4%)

165 (91.7%)
6 (60.0%)
295 (93.4%)

15 (8.3%)
4 (40.0%)
21 (6.6%)

0.009

0.009

0.036

0.066

0.086

0.001

Mean ± SD

Mean ± SD

Alcohol glasses per week during pregnancy

0.08 ± 0.30

0.03 ± 0.17

0.092

Alcohol glasses per week during breastfeeding

0.04 ± 0.27

0.001 ± 0.001

<0.001

74.76 ± 18.91

76.21 ± 16.30

0.630

Hygiene hypothesis total score

35
30

32.66
30.5

Absence of asthma

Presence of asthma

25
20
15
10.95

10

5.68 6

6.25

11.74
9.27

7.31

10.5
3.89 3.71

2.62 3.05

5

0.16 0.17 0.18 0.19

0
Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

Factor 6

Factor 7

Factor 8

Factor 9

Figure 1 Mean scores of hygiene hypothesis factors between asthmatic and non-asthmatic children. Factor 1: cleaning the house
(p = 0.236); Factor 2: washing hands before eating (p = 0.426); Factor 3: washing hands after playing outside (p = 0.491); Factor 4:
showering (body and hair) (p = 0.136); Factor 5: level of the bedrooms in the house (p = 0.121); Factor 6: indoor swimming pool
and washing hands after toilet use (p = 0.072); Factor 7: presence of compost in/out the house (p = 0.902); Factor 8: presence of
animals in the house (p = 0.863); Factor 9: nails biting and cutting (p = 0.542).
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Table 4 Multivariable analysis: logistic regression taking the presence/absence of asthma in a child as the dependent
variable and the hygiene hypothesis score as an independent variable.
p
Gender (females vs. males*)
Living near a prairie sprayed with pesticides (yes vs. no*)
Heating system in the house (compared to sitting room*)
Bedroom
All the house
Kindergarten (yes vs. no*)
Mother smoking (compared to no*)
Cigarette
Waterpipe
Mother’s history of asthma (yes vs. no*)
Respiratory infections (yes vs. no*)
Hygiene hypothesis score

0.042
0.016
0.004
0.010
0.143
0.028
0.038
0.052
0.009
0.032
<0.001
0.881

ORa

Confidence interval
Lower bound

Upper bound

0.41
3.09

0.17
1.24

0.97
7.73

9.97
0.52
2.80

1.73
0.22
1.12

57.53
1.25
7.04

3.15
3.34
5.50
14.72
1

0.99
1.36
1.16
5.97
0.97

10.02
8.25
26.03
36.29
1.03

Numbers in bold indicate significant p-values.
Variable(s) entered: gender, living prairie, playing outdoors, respiratory problems forbidding daily activities, wood,
electricity, place heating system, premature birth, hospitalization after birth, kindergarten, mother smoking, family
member allergy, food allergy father, food allergy brother, medication allergy father, seasonal allergy sister, asthma
family members mother, asthma family members father, asthma family members brother, child reflux, Respiratory
infections before 2 years of age, eczema before 2 years old, skin rash for at least 6 months, alcohol glasses per week
during pregnancy, hygiene hypothesis score.

showed that higher odds of asthma in children were significantly associated with male gender (ORa = 0.41 for
females), living near a prairie sprayed with pesticides
(ORa = 3.09), having a heating system in the bedroom compared to the sitting room (ORa = 9.97), attending kindergarten (ORa = 2.80), having a mother who smokes waterpipe
compared to not smoking (ORa = 3.34), having a mother
with a history of asthma (ORa = 5.50), and having respiratory infections (ORa = 14.72). The hygiene hypothesis score
was not associated with higher odds of asthma (p = 0.881)
(Table 4).

Discussion
In this study, the hygiene hypothesis scale items converged
over a solution of nine factors that had an Eigenvalue over
1, explaining a total of 65.86% of the variance. An acceptable Cronbach’s alpha value was recorded for the hygiene
hypothesis scale (0.696), thus showing that the scale can
be used in the Lebanese population. It was not possible to
compare the properties of this scale to those of another,
because the authors of the original scale had not validated the questionnaire they used and, to our knowledge,
there is no other validated scale to measure the hygiene
hypothesis.
In addition, this study could not demonstrate the effect
of hygiene measures on asthma but found other factors,
already known to be associated with asthma, to be associated with it. The results of the multivariable analysis
showed that placing a heating system only in the bedroom
was associated with higher asthma in preschool children,
whereas installing a heating system in the whole house was

associated with lower asthma, in agreement with previous
findings.43 Indeed, one study has shown that insulating the
house made the indoor environment warmer and drier and
led to an improvement in wheezing, school absence, and
hospital visits due to respiratory conditions.44
In addition, smoking cigarettes and waterpipe inside
the house were significantly associated with higher odds
of asthma in children. The results consolidate those from
previous studies in Lebanon.39,40 A systematic review estimated that among children with asthma, those exposed to
second-hand smoke are nearly twice as likely to be hospitalized with an acute asthma episode and have poorer
pulmonary function test results {reference 43}. The prevalence of asthma is higher among children living in households with smokers, and the risk of developing asthma
increases in proportion to the number of smokers at
home.46 Despite this available evidence, the waterpipe is
still wrongly considered by smokers to be less dangerous
and less toxic than cigarettes.47 In fact, pregnant and nursing women may stop smoking cigarettes but not a waterpipe, and this was shown to increase the risk of asthma and
allergies among Lebanese children.40 Furthermore, children
are often allowed to play in closed rooms with ongoing
waterpipe smoking, because waterpipes are wrongly perceived as less addictive and less harmful (containing less
nicotine) than cigarettes.47
Having a parental history of asthma or seasonal allergy
were significantly associated with higher odds of asthma in
preschoolers, in line with results of previous studies showing that parental asthma is a risk factor associated with
atopic wheezing in children.48
Early respiratory infections were found to be associated with higher asthma in children, in both bivariate and
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multivariable analyses. Our results are consistent with
those of a study showing that asthma is associated with
exposure to the respiratory syncytial virus during infancy.37
Studies have also shown that viral infections of the lower
respiratory tract alter the development of the respiratory/
immune system, increasing the likelihood of developing
asthma, specifically in predisposed children.49,50
As for the hygiene hypothesis, to the best of our knowledge, this study is the first to use a validated scale to assess
the association between the hygiene hypothesis theory and
asthma in preschool children. House cleaning behaviors and
individual cleanliness habits (related to washing the child’s
hands, showering, etc.) were investigated using a comprehensive validated questionnaire of more than 40 relevant
items. After adjusting for all sociodemographic, socioeconomic, and other factors described in the literature as
being associated with asthma, the results of the multivariable analysis showed that the hygiene hypothesis scale was
not significantly associated with asthma among this population group; thus, hygiene measures were not associated
with asthma among Lebanese children. Our results are consistent with other studies that were carried out in developing countries (although in different geographic areas).
Findings from a Latin American systematic review revealed
that most studies did not show an association between
hygiene and wheezing or asthma, with the exception of a
generally increased risk associated with acute respiratory
infections in early life. Therefore, no clear inferences could
be drawn to explain the prevalence of asthma among LatinAmerican children and the role of poor hygiene exposure.30
However, besides the real absence of association, the lack
of association between hygiene measures and asthma
could be explained by several factors, including the small
sample that could result in an inadequate power, which
raises the possibility of false-negative findings. A selection
bias is possible due to the refusal rate and the fact that
the study was conducted in three of the five districts in
Lebanon, which might not be representative of the whole
population. Additionally, the study methods might have
also led to the underestimation of the association between
hygiene measures and asthma: an information bias is possible since the use of a questionnaire in surrogate responders
(parents) may not always be accurate due to problems in
understanding questions, recall, and over- or under-evaluating symptoms. Asthma might have been over or under-diagnosed when answering questions about a physician’s
diagnosis, and the exposure to toxicants over or under-estimated by the parents, as it was subjectively evaluated and
quantified. For known risk factors of asthma, the impact
of recall bias could be differential and lead to the overestimation of effects by parents of children with the disease. However, for the substances that are not known to be
associated with asthma, the bias is mainly non-differential,
and the association with asthma is expected to be underestimated. As the hygiene hypothesis is relatively unknown
in Lebanon, it is expected that the bias is non-differential,
and lead to an underestimation of the above association.
Furthermore, some other factors related to the hygiene
hypothesis may not have been taken into consideration
because of the limited funds to carry out this project,
which might have resulted in residual confounding. The
factors that could not be studied were the assessment of
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the flora in children and mothers and the classification of
the living area in rural or urban, because there is no official classification in Lebanon for rural and urban areas.
Despite all the possible limitations, the overall validity of our results is acceptable since our methodology is
similar to other cross-sectional studies, including the ISAAC
set of studies that are widely used for international comparisons. However, our results cannot be generalizable to
the whole population. One point that further corroborates
this idea is that factors already known to be risk factors for
asthma were found to be associated with it, validating our
finding as a positive control. Consequently, larger prospective studies that outweigh information bias are expected
to improve the accuracy of our results, but not to change
them. Also, studies that measure the intensity and duration
of exposure to each toxicant are suggested to better assess
the hygiene hypothesis items.

Conclusions
This study is the first of its kind in Lebanon and aimed at
examining the association between the hygiene hypothesis
and asthma in preschool children. The current results suggest that neither home cleaning nor personal cleanliness
was correlated with asthma in Lebanese preschool children. Larger prospective studies that measure the intensity
and duration of exposure to each toxicant are suggested to
better assess the hygiene hypothesis items and their association with asthma.
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