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asthma; risk factors; Background: The Preschool Asthma Risk Factor Scale (PS-ARFS) is a tool that enables clini-
cohort; preschool cians to assess environmental exposure of preschool children, history of parental asthma,
children; gender; and dietary habits. The objective of this study was to evaluate the PS-ARFS ability to predict
heating system; asthma diagnosis and respiratory symptoms 1 year after baseline assessment and improve the
Lebanon scale if necessary.

Methods: A prospective cohort study conducted between November 2018 and March 2019 in
three Lebanese schools (from three different Lebanese Governorates) enrolled 515 preschool
children aged 3-5 years. Parents completed a detailed questionnaire sent with their children
(Phase 1; TO). All parents who participated in Phase 1 were invited to take the same survey by
telephone (Phase 2; T1), 1 year later. The interview was conducted by one study-independent
person. Of the total sample, 141 (27.4%) children were lost to follow-up.

Results: Higher odds of asthma diagnosis at 1 year were significantly associated with playing
outside (adjusted odds ratio [aOR] = 3.958) and having a heating system in the bedroom (aOR
= 6.986) at baseline, but inversely associated with the female gender (aOR = 0.365). Based
on those results, the improved PS-ARFS-I was generated. A higher PS-ARFS-I at TO was sig-
nificantly associated with higher odds of asthma at T1 (aOR = 1.08; p < 0.001; 95% confidence
interval [CI] 1.05-1.10); similar results were obtained with the longer PS-ARFS (aOR = 1.079; p
< 0.001; 95% CI 1.050-1.109). Moreover, among non-asthmatic children at baseline, the PS-ARFS
score predicted wheezing and cough at T1 but not bronchial secretions; the PS-ARFS-I score at
baseline did not predict symptoms at T1.
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Conclusion: This study shows that the PS-ARFS-I and PS-ARFS could predict diagnosed asthma
at 1-year follow-up. The PS-ARFS predicted respiratory symptoms (wheezing and cough) after
1 year among non-asthmatic children at baseline, suggesting that a score based on risk factors,

measured early on, can predict better later symptoms and disease.

© 2021 Codon Publications. Published by Codon Publications.

Background

Asthma is the most widespread chronic disease in children of
all ages,' affecting more than 300 million people.? Despite a
worldwide decline in mortality, it is nevertheless subject to
a high morbidity rate.? According to the International Study
on Asthma and Allergies in Childhood (ISAAC), asthma prev-
alence in children varies between 2.1 and 10%.* In Lebanon,
previous research among children aged 13-14 years found
an asthma prevalence of 8.3%.5 However, data about preva-
lence in younger children (aged 3 to 5) are lacking.

Many researchers have examined factors that might
increase the risk of childhood asthma. Genetic susceptibility
can explain differences in the prevalence of asthma in differ-
ent ethnic groups worldwide® and environmental exposures.*
A meta-analysis of 33 studies found that maternal asthma
triples the risk of childhood asthma.” Premature birth (<37
weeks) and low birth weight (<2.5 kg) are also associated
with the likelihood of childhood asthma.? Previous studies
have shown strong links between environmental factors and
respiratory response.’ Indeed, children are particularly sus-
ceptible to environmental toxicants because of their grow-
ing and differentiating organs and tissues'®; due to their
frequent play activities on floors or carpets, this age group
might be more exposed at home than older children and
adults.’ However, children placed in an environment with
a low natural microbial load can be vulnerable to allergic
diseases due to under stimulation of the immune system.®
Parental smoking is another dangerous environmental expo-
sure.®'® Previous epidemiological research showed that
children’s susceptibility to maternal smoking raised the
likelihood of having asthma and wheezing."" Another study
showed that maternal water pipe smoking was significantly
and moderately related to allergic diseases."

Asthma in adults and children over the age of 6 years
is diagnosed based on a history of asthma symptoms and
reversible spirometry-revealed obstruction of the airways.”
Spirometry is hard to perform in preschool children (aged
2-6 years), as they cannot do voluntary breathing maneuvers
as successfully as older children and adults."* Moreover, con-
firming asthma in preschool children seems to be more com-
plicated because wheezing (the main symptom of asthma) is
a common condition in children under 6 years of age."

Symptoms of preschool asthma being nonspecific, it is
difficult to ascertain which preschool children with asth-
ma-like symptoms presently have and will develop the
disease at school age.” Hence, the Asthma Risk Factor
Scale (ARFS), a 15-item tool, was created in 2018 to allow
screening for asthma in Lebanese children aged 4-17 years,
based on their exposure to selected risk factors and toxic
substances and dietary habits (exposure to pesticides,
mixing detergents, exposure to maternal medication
intake, alcohol drinking, smoking during pregnancy and/or

breastfeeding, current parental smoking status, history of
asthma, and types of food). It showed appropriate validity
and predictive properties.’ A similar score was created for
preschool children exclusively (the Preschool Asthma Risk
Factor Scale [PS-ARFS] scale)’® using the same risk factors
of the ARFS with three additional variables, that is, play-
ing outdoor, having a heating system in the bedroom, and
attending a nursery. This new scale showed to have better
properties; it was well correlated with concomitant asthma
and had good positive and negative predictive values at TO
(88.7 and 84.3%, respectively),' but its ability to predict
later asthma diagnosis was not assessed.

Therefore, this study aimed to test the ability of PS-ARFS
in predicting asthma diagnosis and respiratory symptoms
among preschool children 1 year after baseline assessment.
The secondary aim was to generate an improved version of
the scale.

Methods
Study design

A prospective cohort study conducted between November
2018 and March 2019 in three private schools located in
urban regions from three (out of five) different Lebanese
governorates recruited a convenient sample of 515 pre-
school children aged 3-5 years. Parents completed a
detailed questionnaire sent with their children (Phase f1;
T0). From January to April 2020, 1 year later, all parents
who participated in Phase 1 were invited to take the same
survey by telephone (Phase 2; T1). The interview was con-
ducted by one study-independent person. Of the total sam-
ple, 141 (27.4%) children were lost to follow-up.

Sample size calculation

The Epi-info software calculated a minimum sample of 232
children to allow for adequate bivariate and multivariate
analyses, based on a population size of 360,000 children
below 5 years old in Lebanon,” a frequency of diagnosed
asthma of 8.2%,"® and a 95% confidence interval.

Questionnaire and variables

A pretested self-administered survey, inspired by the ISAAC
questionnaire related to the respiratory symptoms (asthma,
wheezing, cough, and bronchial secretion/expectoration),
was used after a forward and back-translation procedure.”
The questionnaire used was the same that was used in pre-
vious studies.?022
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The first part of the questionnaire assessed the
socio-demographic characteristics, including age, gender,
region, education level of both parents, and number of
rooms and number of persons living in the house. Parents’
educational level was determined according to the number
of years of schooling (illiterate, primary, complementary,
secondary, university). The household crowding index,
reflecting the socioeconomic status,?* was calculated by
dividing the number of persons living in the house by the
number of rooms apart from the kitchen and bathrooms.

The primary diagnosis of declared asthma and respira-
tory symptoms (wheezing, cough without flu, and bronchial
secretions without flu) was defined as an affirmative answer
to the question, “Has your doctor ever told you that your
child has asthma/respiratory symptoms?” (One question
was asked for each diagnosis). Parents also self-reported
food, seasonal, and medication allergies based on a previ-
ous physician diagnosis.

The second part consisted of the PS-ARFS. It included
the 15 questions of the ARFS and an additional three
items specific for preschool children, that is, home heat-
ing system, playing outdoors, and attending nursery. It
gathered information about family history of asthma and
other known risk factors for asthma (home heating system,
child history of recurrent otitis, house humidity or mold
on the walls, attending a nursery, tonsillectomy, cardiac
problems, and premature birth). It also included questions
about smoking, type of smoking (cigarette or water pipe),
alcohol consumption, medication intake during pregnancy
and/or breastfeeding, in addition to occupational, regional,
local, and domestic exposures to pesticides, and use
of detergents (who uses them at home, types used, and
whether or not they are mixed). The number of smokers at
home determined passive smoking.

Preschool Asthma Risk Factor Scale

This 18-item scale was previously created to adapt the ARFS
for preschool children. It is calculated as follows: PS-ARFS =
(respiratory infections x 10) + (playing in dust x 2) + (play-
ing on carpets x 2) + (pulmonary problems in the child in
the last 2 years x 25.5) + (respiratory problems in the child
before 2 years of age x 13.5) + (humidity in the house x 2.1)
+ (asthma in mother x 6.3) + (asthma in both parents x 9)
+ (history of reflux in the child x 2.9) + (living in pesticides
region x 2.6) + (red meat daily x 2.8) + (nuts <2 times/week
x 0.4) + (nuts 3-6 times/week x 0.4) + (dairy products <2
times/week x 0.3) + (dairy products 3-6 times/week x 0.2)
+ (playing outdoors x 2.4) + (heating system in the bedroom
x 12.9) + (attending a nursery x 2.5). In this formula, the
presence of the variable is coded 1 and its absence 0.

To answer the secondary objective of the study, the
Improved PS-ARFS-1 was created based on the logistic regres-
sion results; it included specific factors at baseline (Time 0
= TO) that predicted diagnosed asthma 1 year later (Time 1
=T1).

Statistical analysis

Data were analyzed on Statistical Package for the Social
Sciences (SPSS) (IBM Corp., Armonk, NY), version 23.

Descriptive statistics included frequencies (percentages)
for categorical variables and means (standard deviations)
for continuous variables. The Chi-square test evaluated the
association between categorical variables and the pres-
ence/absence of asthma or other respiratory symptoms at
T1; a kappa agreement (k) was measured to examine the
level of agreement between both measures (TO and T1).
Furthermore, logistic regressions were conducted to min-
imize possible confounding (adjustment done for all socio-
demographic variables, pesticides exposure, playing outside,
premature birth, humidity, mother’s history of allergies, the
use of detergents at home, child reflux, and place of the
heating system), taking the presence/absence of diagnosed
asthma at T1 as a dependent variable and the PS-ARFS scores
at TO and T1 and the PS-ARFS-I scores at TO and T1 as inde-
pendent variables. Additionally, a repeated-measures ANOVA
was performed among non-asthmatic children at baseline,
aiming to compare the probability of change in symptoms
between baseline and T1, using the PS-ARFS scores at base-
line. Statistical significance was set at p < 0.05.

Results

Table 1 summarizes the sociodemographic characteristics of
the children; out of 515 children enrolled at TO, 141 (27.4%)
were lost to follow-up. 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% (CI 95% 5.8-10.5) were diagnosed
with asthma.

It is noteworthy that no significant difference was found
between the included children and those lost to follow-up
in terms of gender, asthma/wheezing/cough without flu/
bronchial secretions without flu diagnosis at TO, age, and
house crowding index (Appendix Table 1 and Figure 1A).

Symptoms and risk factors change between
baseline and T1

There was a statistical difference in the percentage of
asthma risk factors between baseline and T1 for the fol-
lowing variables: playing on the carpet (71.4% at baseline

Table 1 Sociodemographic characteristics of the children
(N =515).
Variable N (%)
Sex

Male 54.0

Female 46.0
Mohafaza/District

Beirut 16.9

Mount Lebanon 75.7

North/South/Bekaa 7.4
Physician-diagnosed asthma (yes) 8.2

Mean + SD

Age (in years) at baseline 4.44 + 0.83
Household crowding index 0.94 + 0.52




The Preschool Asthma Risk Factors Scale

Ll

Appendix 1 Comparison of children included and children
lost to follow-up.
Lost to follow Included

Variable up (N =141) (N=374) p
Gender 0.118

Male 84 (59.6%) 194 (51.9%)

Female 57 (40.4%) 180 (48.1%)
Asthma diagnosis at TO 0.366

No 127 (90.1%) 346 (92.5%)

Yes 14 (9.9%) 28 (7.5%)
Wheezing at TO 0.197

No 92 (65.2%) 266 (7.1%)

Yes 49 (34.8%) 108 (28.9%)
Cough without flu at TO 0.211

No 119 (84.4%) 331 (88.5%)

Yes 22 (15.6%) 43 (11.5%)
Expectoration without 0.962

flu at TO

No 128 (90.8%) 339 (90.6%)

Yes 13 (9.2%) 35 (9.4%)
Age (in years) 4.40 + 0.86 4.46 +0.81 0.414
House crowding index 0.92 + 0.54 0.96 + 0.51 0.501

vs. 77.8% at T1), exposure to gas when cooking (20.1% vs.
25.1%), and using central heating at home (18.7% vs. 22.5%)
(Appendix 2), despite a good agreement between baseline
and T1 exposure [playing on the carpet (k = 0.677), using
gas while cooking (k = 0.718), central heating in the house
(k = 0.657), and mother smoking water pipe (k = 0.639)].
Moreover, there was a significant decrease in the percent-
age of mothers who were currently smoking water pipe

(21.2% vs. 17.4%) (Figure 1A and Appendix 2). No signifi-
cant difference was found in the percentages of children
with respiratory symptoms at baseline and T1 (Figure 1B).
Additional details are presented in Appendix 2; other vari-
ables not displayed in the table did not show any significant
difference between baseline and T1.

Positive and negative predictive values

At 14.20 (the cut-off value obtained in the study at T0),
the results showed that the positive predictive value of the
PS-ARFS at TO with asthma at T1 was 65.5%, whereas the
negative predictive value was 85.4%.

Bivariate analysis of factors at baseline with
asthma diagnosis at T1

Asthma diagnosis at T1 was significantly associated with
male gender compared with that of the female (11.9% vs.
3.9%), children playing outside versus not (11.7% vs. 4.0%),
those who had a premature birth versus not (25.0% vs.
7.1%), those living in homes with humidity and molds on
walls versus not (14.3% vs. 6.8%), those whose mothers did
not use detergents to clean the house compared with those
whose mothers did (13.0% vs. 6.4%), and those who had a
heating system in the bedroom compared to the sitting
room and the whole house (Table 2).

Multivariable analysis of factors at baseline
associated with asthma diagnosis at T1

The results of a forward logistic regression of factors at
baseline associated with the child’s asthma diagnosis at T1

) 90.00%

80.00% 77.80%
71.40%
70.00%
60.00%
50.00%
40.00%
30.00% 25.10% 5
20.00% 2010% 170 227 S
10.00%
0.00%
Time O Time 1
H Playing on the carpet B Exposure to gas when cooking
Central Heating in the house Mother Smoking Waterpipe
Figure 1 Exposure to selected risk factors between Baseline and T1. For playing on the carpet (p = 0.001), exposure to gas

when cooking (p = 0.003), central heating in the house (p = 0.044) and mother smoking water pipe (p = 0.044) (A). Percentages of
respiratory symptoms at BASELINE and T1. BASELINE = time of study beginning; T1 = evaluation after 1 year; p > 0.05 for all (B).
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Figure 1 (Continued)

Appendix 2 Comparison of children at TO and T1 in terms
of respiratory symptoms.

Variable at T1

No Yes p
83 (22.2%) 291 (77.8%) 0.001

Playing on carpet
N = 374 (100%)

No at TO N = 107 72 (67.3%) 35 (32.7%)
(28.6%)

Yes at TO N = 267 1 (4.1%) 256 (95.9%)
(71.4%)

Gas for cooking
N = 374 (100%)

No at TO N (18.7%)
=299 (79.9%)

Yes at TON =75
(20.1%)

Central heating in the
house N = 374(100%)
No at TO N = 304

(81.3%)
Yes at TON =70
(18.7%)

Mother smoking
water pipe at TO
N = 373(100%)

No at TO N = 294
(78.8%)

Yes at TON =79
(21.2%)

TO = time of study beginning; T1 = evaluation after 1 year;
numbers in bold indicate significant p-values; all other vari-
ables not displayed in this table did not show a significant dif-
ference between TO and T1.

280 (74.9%) 94 (25.1%) 0.003
271 (90.6%) 28 (9.4%)
9 (12.0%) 66 (88.0%)
290 (77.5%) 84(22.5%) 0.044
276 (90.8%) 28 (9.2%)
14 (20.0%) 56 (80.0%)

308 (82.6%) 65 (17.4%) 0.044

280 (95.2%) 14 (4.8%)

28 (35.4%) 51 (64.6%)

showed that playing outside compared with not (adjusted
odds ratio [aOR] = 3.958), and having a heating system in
the bedroom compared with having one in the sitting room
(aOR = 6.986) were significantly associated with higher odds
of asthma diagnosis at T1. The female gender compared to

Table 2 Bivariate analysis of factors at BASELINE with
asthma diagnosis at T1.

No asthma at  Asthma at
Variables at baseline  T1 (N=344) T1 (N=30) p
Gender 0.005
Male 88.1% 11.9%
Female 96.1% 3.9%
Living near a prairie sprayed with pesticides 0.080
at baseline
No 93.1% 6.9%
Yes 86.8% 13.2%
Playing outside at baseline 0.006
No 96.0% 4.0%
Yes 88.3% 11.7%
Premature birth 0.004
No 92.9% 7.1%
Yes 75.0% 25.0%
Humidity at baseline 0.046
No 93.2% 6.8%
Yes 85.7% 14.3%
Allergy in any family member 0.073
No 93.8% 6.2%
Yes 88.5% 11.5%
Mother use of detergents at baseline 0.041
No 87.0% 13.0%
Yes 93.6% 6.4%
Child reflux at 0.057
baseline
No 92.8% 7.2%
Yes 82.8% 17.2%
Place of heating system in the house 0.006
Sitting room 90.7% 9.3%
Bedroom 66.7% 33.3%
All the house 94.5% 5.5%
Household 0.96 + 0.50 091 +0.71  0.605
crowding
index

Numbers in bold indicate significant p-values; all other variables
not displayed in this table did not show a significant difference
between presence and absence of asthma diagnosis at T1.
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Table 3 Multivariable analysis: Forward logistic regression
of factors at baseline associated with child’s asthma
diagnosis at T1.

95%
Confidence

Variable p aOR Interval

0.030 0.365 0.147 0.905
0.006 3.958 1.476 10.618
0.006

Gender (females vs. males*)
Playing outdoor (yes vs. no*)
Placement of the heating
system in the house
Bedroom vs. sitting room* 0.021 6.986 1.338 36.482
All the house vs. sitting room* 0.103 0.498 0.216 1.150

*Reference group

aOR: adjusted odds ratio; BASELINE: Baseline; T1: evaluation
after 1 year; numbers in bold indicate significant p-values;
Nagelkerke R2=14.7%; Hosmer and Lemeshow test p=0.962;
children with asthma N=28; variables entered in the final
model: gender, living near a prairie sprayed with pesticides,
playing outside, premature birth, humidity, mother’s history of
allergies, mother using detergents at home, child reflux, place
of the heating system.

the male gender (aOR = 0.365) was significantly associated
with lower odds of asthma diagnosis at T1 (Table 3).

Prediction of asthma at T1 with the scales

The PS-ARFS-1 is a three-item scale created based on the
logistic regression results (Table 3), as follows: PS-ARFS-I
= (gender x 0.5) + (playing outdoors x 4) + (heating system
in the bedroom x 7). In this formula, the presence of the
variable is coded 1 and its absence as 0; as for gender, the
male get one point, and the female get two points.

A forward logistic regression, taking the asthma diag-
nosis at T1 as the dependent variable and the PS-ARFS-I at
TO and T1, in addition to age and house crowding index as
independent variables, showed that a higher PS-ARFS-| at
TO was significantly associated with higher odds of asthma
at T1 (@OR =1.08; p < 0.001; 95% CI 1.05-1.10). The PS-ARFS-I
at T1 was not associated with asthma diagnosis at T1.

A forward logistic regression, taking the asthma diagno-
sis at T1 as a dependent variable and the PS-ARFS at TO and
T1, in addition to gender, age, and house crowding index as
independent variables, showed that female gender (aOR =
0.261; p = 0.007; 95% Cl 0.098-0.695) was significantly asso-
ciated with lower odds of asthma at T1. A higher PS-ARFS at
TO was significantly associated with higher odds of asthma at
T1 (@OR = 1.079; p < 0.001; 95% CI 1.050-1.109). The PS-ARFS
at T1 was not associated with asthma diagnosis at T1.

Subgroup analysis: PS-ARFS scores at baseline, risk
factors, and prediction of asthma symptoms at T1
among non-asthmatic children at baseline

A repeated-measures ANOVA was conducted taking the
change in each respiratory symptom (wheezing, cough
without flu, and bronchial secretions without flu), between

baseline and T1, as a dependent variable, among children
with no asthma at baseline. After adjusting the analysis
over the sociodemographic characteristics (age, gender,
and house crowding index), the PS-ARFS score at base-
line was able to predict an increase in the probability of
wheezing and cough at T1, but not bronchial secretions
(Table 4; Models 1-3). The PS-ARFS-I score at baseline could
not predict a change in respiratory symptoms at T1 (Table
4; Models 4-6).

Discussion

This prospective cohort study evaluated the factors asso-
ciated with asthma and tested the ability of the PS-ARFS
to predict respiratory symptoms and asthma diagnosis 1
year after baseline assessment. There was no significant
difference between the included children and those lost to
follow-up in terms of sociodemographic characteristics and
respiratory symptoms, thus minimizing the selection bias.

Both PS-ARFS and PS-ARFS-l1 could predict asthma
diagnosis 1 year after baseline assessment, with a shorter
administration time for the improved scale (3 items vs. 18
items). However, the PS-ARFS, but not the PS-ARFS-1, could
predict the increased probability of wheezing and cough in
preschool children; in all cases, a risk scale measured early
on can better predict what will happen later in life.

Besides, given that the subgroup analysis included
non-asthmatic children at baseline, the PS-ARFS-I seems
more focused on asthma, while the PS-ARFS is a more
general measure of many risk factors for chronic respira-
tory symptoms. Although additional studies are necessary
to assess this particular point, this study could confirm
that the PS-ARFS predicts both asthma and chronic respi-
ratory symptoms 1 year after baseline assessment, while
the PS-ARFS-I predicts only asthma. Overall, our results are
similar to those of previous research performed to test a
score, the Clinical Asthma Prediction Score (CAPS), which
could predict asthma in preschool children. The results
showed that CAPS would guide shared decision-making to
target the need for medical or non-medical treatments.?
Further studies should compare both the scales on a larger
sample and assess the predictive validity of the PS-ARFS
score in a new dataset.

Also, continuous exposure to multiple risk factors
(items of the scale) would maintain a favorable ground for
developing a chronic respiratory disease, turning eventually
into asthma; among risk factors, there was only a decrease
in mother water-pipe smoking, while several factors show
an increase at T1 versus TO, which is expected to perpetu-
ate asthma among children. Furthermore, playing outdoors
was significantly associated with higher odds of asthma in
preschool children at T1. The impact of increased expo-
sure and inhalation of dust in this vulnerable population
can contribute to respiratory symptomatology and allergic
sensitivity.” Indeed, developing countries are facing rapid
population growth and increased outdoor air pollution,
thus, increasing the global burden of asthma.? It is hypoth-
esized that this factor was associated with more odds of
asthma during this year in particular. Indeed, all children
did not go to schools and they stayed home during the
data collection because of the protests that took place in
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Table 4 Repeated measures ANOVA of the PS-ARFS score among non-asthmatic children at baseline to predict T1 increase in

child’s asthma diagnosis and respiratory symptoms.

Model 1: Wheezing without flu at T1

95% Confidence

Variable Beta Interval Partial Eta Squared
PS-ARFS score at baseline 0.012 <0.001 0.008 0.017 0.079
Model 2: Cough without flu at T1

95% Confidence
Variable Beta Interval Partial Eta Squared
PS-ARFS score at baseline 0.006 0.002 0.002 0.009 0.030

Model 3: Bronchial secretions without flu at T1

Variable Beta

95% Confidence

Interval Partial Eta Squared

PS-ARFS score at baseline 0.002

0.162

—0.001 0.005 0.009

Repeated measures ANOVA of the PS-ARFS-IMPROVED score at TO among non-asthmatic children at baseline to
predict T1 increase in child’s asthma diagnosis and respiratory symptoms.

Model 4: Wheezing without flu at T1

95% Confidence

Variable Beta Interval Partial Eta Squared
PS-ARFS-IMPROVED score at baseline —-0.008 0.437 —-0.028 0.012 0.002
Model 5: Cough without flu at T1

95% Confidence
Variable Beta Interval Partial Eta Squared
PS-ARFS-IMPROVED score at baseline 0.011 0.150 —-0.004 0.027 0.006

Model 6: Bronchial secretions without flu at T1

Variable Beta

95% Confidence

Interval Partial Eta Squared

PS-ARFS-IMPROVED score at baseline 0.006

0.332

—-0.006 0.017 0.003

PS-ARFS: Preschool Asthma Risk Factors Scale.
Number in bold indicate significant p-values.

Lebanon from October to December 2019, followed by the
sanitary lockdown imposed by the Lebanese government
from mid-March until early June 2020. Staying home might
have caused extended periods of playing outdoors where
any constituent of dust susceptible to be re-suspended is
likely to be inhaled.’

Moreover, using a central heating system in the bed-
room compared with one in the sitting room was associ-
ated with higher odds of asthma after 1 year, similar to
the results at baseline.'® Exposure to multiple substances
found in indoor air has been associated with asthma exac-
erbation in children, with different levels of evidence.?* A
review article about the association of indoor air pollution
and asthma demonstrated the importance of evaluating
indoor home air pollution sources as risk factors for asthma
morbidity.? The result of heating in the bedrooms versus
heating all the house seems surprising. It could be related
to other socio-economic factors or to a previous diagnosis
of asthma in children who have heaters in the bedroom,

therefore, inferring a reverse causality or the issue of heat-
ing type since the question asked was not clear enough. The
confidence interval is broad because of the small sample in
this study (nine children only). Moreover, the question itself
might not be clear enough, which might lead the reader to
assume that perhaps the question asked about ownership
rather than heating frequency of use. Future studies with a
larger sample are needed to confirm our findings.

Clinical implications

Early screening of asthma is compulsory in school children
since starting treatment at earlier stages in this age group
can preclude exacerbations and the worsening of lung
function. A simple and easy-to-use scale can be a helpful
clinical tool to screen children for future risk of develop-
ing asthma and asthma symptoms. This scale will also help
parents take preventive measures and decrease exposure
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to modifiable risk factors to protect their children against
developing asthma and chronic respiratory symptoms.

Limitations

Our research has some limitations. A selection bias could
have occurred at baseline since the study included three
urban schools only (no rural and no public schools selected)
from three out of five Lebanese Governorates; there-
fore, the sample cannot represent the whole population.
Moreover, the self-declaration of exposure to pesticides
and other environmental factors (e.g., type and frequency
of heating), symptoms, and diagnosis hampered the high
level of evidence; an information bias is thus possible since
it may not always be accurate to use a questionnaire among
surrogate respondents (parents). Not all asthma-related
variables could be evaluated in this study, which predis-
poses to residual confounding bias. Problems with under-
standing questions, recalling, and over or under-evaluating
symptoms are also possible; however, the high concordance
between TO and T1 answers provides evidence of ade-
quate reliability. A longer follow-up is needed to confirm
our results since 1-year follow-up might not be satisfactory,
especially due to the fact that some of the children are
younger than others.

Our study also has some strengths. Although some
kids were lost to follow-up, our results were not affected
since there was no significant difference between children
who remained in the study and those lost to follow-up.
Moreover, the prospective nature of the study adds to the
validity of the results, increasing causality likelihood, espe-
cially that our study objective was not to assess the preva-
lence and symptoms of the disease.

Conclusion

This study shows that the PS-ARFS and PS-ARFS-I could pre-
dict diagnosed asthma at 1-year follow-up. The PS-ARFS
predicted respiratory symptoms (wheezing and cough) after
1 year among non-asthmatic children at baseline, suggest-
ing that a score based on risk factors, measured early on,
can predict better later symptoms and disease. Additional
studies would be necessary to confirm our findings.
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