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Abstract

Objective: Whilst the prevalence and severity of asthma influenced by envi-

ronmental factors, the effect of parental smoking on asthma status of their

children was examined.

Patients and Methods: Ninety asthmatic children, 32 with smoker and

58 with non-smoker parents (baseline age, 8.5 � 3.5 and 8.2 � 3.3 respectively)

were studies in two sessions 3 years apart by evaluating respiratory symptoms

(RS) prevalence and severity, various drugs used, and pulmonary function tests

(PFT) including forced vital capacity; forced volume in the first second, peak

expiratory flow; and maximum expiratory low at 75, 50 and 25% of vital capac-

ity (FVC, FEV1, PEF, MEF75, MEF50 and MEF25, respectively).

Results: The prevalence and severity of all RS were significantly increased in

asthmatic children with smoking parents after 3 years except prevalence and

severity of night wheeze and the prevalence of chest wheeze (p < 0.05 to

p < 0.001), but the PFT values were non-significantly reduced. In asthmatic

children with non-smoking parents, the prevalence and severity of RS were

decreased after 3 years, which was significant for night and chest wheeze for

prevalence and night cough and chest wheeze for severity (all, p < 0.05), and

the PFT values were increased, which were statistically significant for FVC,

FEV1, MEF50 and MEF25 (p < 0.05 to p < 0.01). Drugs used by the group

with smoking parents were increased and were significantly higher than their

reduction in the groups with non-smoking parents at the end of the study

(p < 0.05 for fluticasone propionate 125/salmeterol and budesonide160/

formoterol).

Conclusion: Long-term parental smoking increased prevalence and severity

of RS and drug used but decreased PFT values of their asthmatic children.

List of Abbreviations: CW, chest wheeze; DCW, day cough and wheeze; ECW, excises cough and wheeze; FEV1, forced expiratory volume in one
second; FVC, forced vital capacity; MEF75, MEF50 and MEF25, maximal expiratory flow at 75%, 50% and 25% of the FVC; MEF75, MEF50 and MEF25,
maximal expiratory flow at 75%, 50% and 25% of the FVC; NC, night dough; NSP, non-smoker parents; NW, night wheeze; PEF, peak expiratory flow;
PFT, pulmonary function tests; RS, respiratory symptoms; SP, smoker parents.

Received: 10 October 2021 Revised: 4 April 2022 Accepted: 27 April 2022

DOI: 10.1111/crj.13492

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. The Clinical Respiratory Journal published by John Wiley & Sons Ltd.

394 Clin Respir J. 2022;16:394–401.wileyonlinelibrary.com/journal/crj

https://orcid.org/0000-0002-3867-9149
https://orcid.org/0000-0001-5736-9755
mailto:boskabadymh@mums.ac.ir
https://doi.org/10.1111/crj.13492
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/crj


KEYWORD S
asthma, children, pulmonary function tests, respiratory symptoms, smoking

1 | INTRODUCTION

Asthma is a common and widespread disease in the
world that is associated with inflammation of respira-
tory tract1,2 and hyperactive responsiveness, obstruction
and remodelling of the airways.3 More than 300 million
patients are suffering from asthma worldwide,4 which is
markedly more prevalent in children and women.5 Envi-
ronmental factors such as smoking, air pollution and aller-
gens, lung infections, rhinitis and obesity affect asthma
prevalence and severity in children and adults.5 The com-
mon symptoms of asthma are wheeze, chest tightness and
cough,5 but improving of life style and using controlled
drugs can decrease the symptoms of asthma.6

Allergens are the most important factors that impli-
cated the asthma symptoms, and decreasing the allergen
exposure can improve the asthma symptoms and preva-
lence of asthma in children in school ages.7,8 It was
shown that the risk of prevalent asthma in childhood
increased about 40%, by smoking of either parent and
postnatal maternal smoking increased the incidence of
asthma before the age of 6 by �30%, and during school-
age years by 13%. Exposure to smoking increased the risk
of incidence of asthma in childhood by 33%,9 and a sig-
nificant association between paternal smoking and the
risk of asthma in children was also reported.8 Smoking
increased the airway mucosal permeability, the inflam-
matory cytokines, and the thickness and responsiveness
of the airways but suppressed histone deacetylase activ-
ity.10 Asthmatic children exposed to multiple household
smokers face an increased risk for respiratory illness-
related absences from school.10 Pulmonary function tests
(PFT) were also decreased in children exposed to passive
smoking.11–13

In this study, the effect of 3-year parental smoking on
respiratory symptoms (RS) using various drugs and PFT
in their asthmatic children were examined.

2 | MATERIAL AND METHODS

2.1 | Subjects

Ninety asthmatic children, 32 with smoker parents
(SP) and 58 with non-smoker parents (NSP) with mild to
moderate disease,11 were studied from an asthma clinic
in Mashhad University of Medical Sciences with inclu-
sion and exclusion criteria as previously described.14

Asthma severity of studied asthmatic children was
assessed according criteria of the Global Strategy for
Asthma Management and Prevention.4 The parent’s
smoking status did not change during the 3-year study
period. The patients were studied in two sessions 3 years
apart during July–September 1998 and 2000 whilst they
were under continues management and receiving their
regular medications during the study period. The Ethical
Committee of Mashhad University of Medical Sciences
approved the study (Code: 897000), and the parents of all
children were given informed consent. RS, PFT and pre-
scribed drugs for the management of the disease were
evaluated in the beginning and at the end of the study.

2.2 | Drugs used by asthmatic children

Drugs in the treatment regimen of the asthmatic children
included fluticasone propionate/salmeterol inhaler,
budesonide/formoterol inhaler, fluticasone propionate
inhaler, fluticasone propionate nasal spray, budesonide
nasal spray, montelukast tablet, ketotifen syrup, sal-
butamol inhaler and theophylline syrup which were eval-
uated at the beginning and the end of the study.

2.3 | Respiratory symptoms

The prevalence and severity of RS including wheezing,
tightness and cough were evaluated using a Farsi ques-
tionnaire which was designed and used in the similar
studies.15–18 The chest wheeze was scored by a physician
from 0 to 3 as follows: no wheezing = 0, hardly heard
wheezing = 1, moderate wheezing = 2 and loud
wheezing = 3 (Table 1).

2.4 | Pulmonary function tests

Pulmonary function tests (PFT) were measured as previ-
ously described [14]. Various measured PFT values were
included: forced vital capacity, forced expiratory volume
in 1 s, peak expiratory flow, and maximal expiratory flow
at 75%, 50% and 25% of the vital capacity (FVC, FEV1,
PEF, MEF75, MEF50 and MEF25, respectively). The spi-
rometry was performed in the studied children by a
trained technician who was blind to smoking status of
the children.
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2.5 | Statistics

Using the PPS sampling method, a minimum of 32 subjects
in each group with an α error of 0.05 and a power of 80%
was calculated. In this study, 58 asthmatic children with
NSP and 32 children with SP were studied. The data of
age, RS severity and PFT values as well as changes in RS
severity and PFT values were expressed as mean � SD.

The absolute values of all variables (RS, PFT values
and used drugs for management of the disease) were
compared between the beginning and the end of the
study in each group as well as between two groups. In
addition, the percentage changes in RS severity and PFT
values during 3-year study period were also calculated
and compared between two groups.

The percentage changes in RS severity and PFT
values during the study period were calculated using the
following equation:

Values at the endof the study�Values in the beginning of the study
Values in the beginning of the study

� 100

Data normality test was done by Kolmogorov–Smirnov
test. The data with normal distribution were compared
between the baseline and the end of 3 years and also
between two groups using parametric test (paired/
unpaired t test) and for non-normal distributed data; the
non-parametric (Wilcoxon/Mann–Whitney) tests were
used. Differences in the data of RS prevalence between
two groups were tested by Chi-squared analysis (2 � 2
contingency tables). A p value of 0.05 was the criterion
for statistical significance. All analyses were performed
using SPSS software (version 11.5, SPSS Inc. USA).

3 | RESULTS

3.1 | General characteristics of
asthmatic children in two groups

There was no significant difference in age, height and
asthma severity between two groups (Table 2).

3.2 | The effect of parental smoking on
drugs used by asthmatic children

Various types of drugs used by two groups of asthmatic
children were not significantly different in the beginning
of the study, but all drugs used by asthmatic children
with NSP were non-significantly decreased at the end of
the study. Different types of drugs used by asthmatic chil-
dren with SP were non-significantly higher than those of
NSP at the end of the study period (Table 3).

3.3 | The effect of parental smoking
on RS

The prevalence of RS between two groups at the begin-
ning of the study was not significantly different. The
prevalence of all RS in the asthmatic children with NSP
was non-significantly decreased, but in the group with SP
was increased after 3 years (Table 4). All RS in asthmatic
children with SP were significantly higher than those of
NSP at the end of the study except night wheeze
(p < 0.05 to p < 0.01) (Figure 1).

The severity of all RS in NSP group was decreased at
the end of the study, which was non-statistically signifi-
cant for CW (p < 0.01) (Table 4). However, the score of
the all RS was non-significantly increased in children
with SP after 3 years (Table 4). The severity of all RS in
SP group at the end of 3-year study was significantly
higher than those of NSP group except NW (p < 0.05 to
p < 0.01) (Table 4). The changes in RS, during 3-year

TAB L E 1 The criteria for respiratory symptom severity score

Symptom Frequency Score

Night wheeze None 0

Rarely (less than once a week) 1

Occasionally (2–3/week) 2

Most nights 3

Night cough None 0

Rarely (less than once a week) 1

Occasionally (2–3/week) 2

Most nights 3

Excises cough and
wheeze

None 0

During mild exercise
(walking)

1

During heavy exercise 2

At rest 3

Day cough and
wheeze

None 0

Rarely (less than once a week) 1

Occasionally (2–3/week) 2

Most days 3

Chest wheeze None 0

Hardly hearing with
statoscope

1

Relative easily hearing with
statoscope

2

Loudly hearing with
statoscope

3

Total score 14
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study period in the NSP group were negative and were
significantly lower than those of SP group which were
positive (p < 0.05 for day cough and wheeze and p < 0.01
for other cases), (Figure 2).

3.4 | The effect of parental smoking
on PFT

The PFT values were increased in NSP but decreased in
SP asthmatic children the end of the study period, which
were statistically significant for FEV1 and MEF50 in NSP
group (p < 0.05 for both cases) (Table 5).

The changes in PFT values during 3-year study in the
NSP group were positive, which were lower than the chil-
dren of SP which were negative or very low, and the dif-
ferences between the two groups were statistically
significant for FVC and FEV1 (p < 0.05 for both cases)
(Table 5).

4 | DISCUSSION

Various types of drugs for the management of NSP group
were decreased, which indicate the reduction of asthma
severity during the 3-year period with continues

TAB L E 2 General characteristics of studied asthmatic children in two groups

Character Non-smokers Smokers

Number 58 32

Male 34 (58.6%) 19 (59.4%)

Female 24 (41.4%) 13 (40.6%)

Age Baseline 8.19 � 3.28 8.45 � 3.52

End 11.15 � 3.27 11.45 � 3.52

Height 137.33 � 16.47 135.91 � 15.69

Asthma severity Mild 19 (32.76%) 12 (37.50%)

Moderate 35 (60.34%) 18 (56.25%)

Severe 4 (7.00%) 2 (6.25%)

TAB L E 3 Various drugs in the treatment regimen of asthmatic children of two groups at the beginning and at the end of the study

Drugs

Non-smokers Smokers

p value End
vs NS

Beginning End
p value
vs Beg

Beginning End
p value
vs BegNo % No % No % No %

Fluticasone propionate
125/salmeterol

26 44.82% 18 31.03% NS 14 43.75% 15 46.87% NS NS

Budesonide160/
formoterol

16 27.58% 11 20.70% NS 9 28.12% 11 34.37% NS NS

Fluticasone propionate
125

5 8.62% 4 6.89% NS 3 9.37% 3 9.37% NS NS

Prednisolone 5 tablet 4 7.00% 2 3.44% NS 2 6.25% 2 6.25% NS NS

Fluticasone propionate
nasal spray

12 20.70% 8 13.79% NS 7 21.87% 7 21.87% NS NS

Budesonide nasal spry 6 10.34% 4 6.89% NS 3 9.37% 3 9.37% NS NS

Montelukast 5 tablet 10 17.24% 7 12.07% NS 6 18.75% 6 18.75% NS NS

Ketotifen syrup 14 24.13% 14 24.13% NS 8 25% 8 25% NS NS

Salbutamol inhaler 10 17.24% 6 10.34% NS 6 18.75% 6 18.75% NS NS

Theophylline syrup 12 20.70% 8 13.79 NS 7 21.87% 6 18.75% NS NS

Beg: beginning, NS: non-smokers, vs Beg: statistical comparison between the beginning and the end of 3 years of the study period, End vs NS: the statistical

comparison between asthmatic children with smoker parents with those of non-smokers at the end of the study period.
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TAB L E 4 The severity of respiratory symptoms in asthmatic children in two groups at the beginning and at the end of the study

Symptoms

Non-smokers Smokers p value

Beg End
p value vs
Beg Beg End

p value vs
Beg

Beg vs
NS

End vs
NS

Night cough 1.36 � 0.18 0.97 � 0.17 NS 1.31 � 0.24 1.59 � 0.23 NS NS <0.05

Night wheeze 0.97 � 0.18 0.70 � 0.16 NS 0.93 � 0.23 1.06 � 0.23 NS NS NS

Excises cough and
wheeze

1.52 � 0.17 1.18 � 0.18 NS 1.55 � 0.24 1.87 � 0.21 NS NS <0.01

Day cough and
wheeze

0.84 � 0.16 0.63 � 0.14 NS 0.89 � 0.20 1.03 � 0.18 NS NS <0.05

Chest wheeze 1.86 � 0.13 1.43 � 0.16 <0.05 1.89 � 0.20 2.06 � 0.18 NS NS <0.01

Beg: beginning, NS: non-smokers, vs Beg vs NS Beg: statistical comparison between the beginning and the end of 3 years of the study period, Beg vs NS and
End vs NS: statistical comparison between asthmatic children with smoker parents and those on non-smokers at the beginning and the end of the study period,
respectively.

F I GURE 1 The prevalence of respiratory symptoms in asthmatic children with non-smoker (NS) (n = 58) and smoker (S) parents

(n = 32) at the beginning (big) and at the end (end) of the study period. Chi-square was used for comparison between the results of two

groups. *p < 0.05 and **p < 0.01 compared to non-smoker groupNC: night dough, NW: night wheeze, ECW: excises cough and wheeze,

DCW: day cough and wheeze, CW: chest wheeze, NS: asthmatic children with non-smoker parents, S: asthmatic children with smoker

parents.

F I GURE 2 The absolute changes in

respiratory symptoms severity during 3-year

study period in asthmatic children with non-

smoker (NS) (n = 58) and smoker (S) parents

(n = 32). Paired t test was used for comparison

between the results of two groups. ***p < 0.01

compared to non-smoking groupNC: night

dough, NW: night wheeze, ECW: excises cough

and wheeze, DCW: day cough and wheeze, CW:

chest wheeze. NS: asthmatic children with non-

smoker parents, S: asthmatic children with

smoker parents.
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treatment, but the drugs were increased in SP children
managed by the same physician indicating increased
asthma severity caused by exposing to cigarette smoke of
their parents.

The prevalence and severity of RS in the NSP group
were also reduced during the 3-year period, whilst in
those with SP group both the prevalence and severity of
RS were increased. The percent changes in the severity of
RS during the study period in the SP patients were higher
than those of NSP, which indicate intensifying of asthma
severity by their parents smoking.

In the NSP group, PFT values were increased, but in
those of SP, PFT values were reduced at the end of 3-year
study period. These objective results also support the
intensifying of the asthma severity of asthmatic children
exposing to cigarette smoke of their parents.

A strong link between parental smoking in the first
2 years of age and current parental smoking with the
prevalence of wheeze, asthma and nocturnal cough was
shown in a meta-analysis19 and a systematic review.20 It
was reported that among 10,314 children, more than 51%
of them were exposed to environmental tobacco smoke
(ETS) at home, and the prevalence of asthma symptoms
was higher among ETS exposed children.21 The preva-
lence of ETS exposure at home in the students of high
school in Kuwait was reported as 54%, and the preva-
lence of self-reported asthma as 20.5%.22 Impaired lung
function and increased risk of developing asthma in chil-
dren with prenatal exposure to ETS were described by
several studies.11,23,24

The above studies indicate the effect of parental
smoking and ETS on the increasing prevalence of asthma
among children and support the results of the present
study. However, in the present study, the effect of paren-
tal smoking on severity of their asthmatic children was

shown by the effects on RS, PFT values and drugs used
for the management of the diseases during a 3-year
period that emphasised on the longitudinal studies for
examining the effect of long-term exposure of children to
cigarette smoke on asthma.25

The effect of cigarette smoking on RS and PFT
values was also shown in several studies including our
previous studies,26,27 and the effect of water pipe
smoking on RS and PFT values was shown more pro-
nounced than cigarette smoke even in smokers with
deep inspiration during cigarette smoking,28 which sup-
port the effect of parents smoking on RS and PFT values
of their asthmatic children. In the present study, the dif-
ference in the growth between asthmatic children with
smoker and non-smoker parents over study period
(3 years) was not assessed, which should be examined in
further studies.

5 | CONCLUSION

In this longitudinal study, the effect of parental smoking
on intensifying of their asthmatic children status was
shown by increasing drug used for their management,
prevalence and severity of RS but reducing their PFT
values, indicating serious consequences of tobacco smoke
exposure on asthmatic children by their parents smoking.
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TAB L E 5 Values of pulmonary function tests (PFT) and their percent change during 3 years in asthmatic children with non-smoking

(n = 58) and smoking parents (n = 32) at the beginning and at the end of the study

PFT

Non-smokers Smokers

p value end vs
NS (% change)Beg End

p
value
vs Beg % change Beg End

p
value
vs Beg % change

FVC 71.1 � 15.0 77.5 � 15.2 NS 16.8 � 36.4 65.9 � 13.5 61.4 � 12.1 NS �2.6 � 32.1 <0.05

FEV1 69.8 � 15.2 77.9 � 14.5 <0.05 19.6 � 39.2 65.3 � 12.8 60.7 � 11.5 NS �1.6 � 35.1 <0.05

PEF 65.5 � 16.5 71.9 � 17.0 NS 20.2 � 47.9 63.9 � 14.6 60.1 � 13.5 NS 1.5 � 33.3 NS

MEF 50 62.5 � 16.2 72.4 � 19.2 <0.05 28.6 � 61.3 59.4 � 16.9 54.5 � 15.8 NS 4.1 � 86.1 NS

Values were present as mean � SD. For comparison between the results of the beginning and the end of the study, paired t test and for comparison between
two groups, unpaired t-test were used.

Beg: beginning; NS: non-smokers; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; PEF: peak expiratory flow; MEF75, MEF50 and MEF25:
maximal expiratory flow at 75%, 50% and 25% of the FVC, respectively. vs Beg: statistical comparison between the beginning and the end of 3 years of the study
period, End vs NS: statistical comparison between asthmatic children with smoker parents with those on non-smokers at the end of the study period.
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