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ABSTRACT

Purpose: This study aimed to analyze the risk factors affecting lung function in children
with asthma based on clinical data to advice on clinical treatment and prognosis.
Methods: This study included newly diagnosed patients with asthma admitted to the
Respiratory Department of Chengdu Women'’s and Children’s Central Hospital in Sichuan
from July 2020 to June 2021. The factors associated with lung function were analyzed using
univariate and multivariate linear regression with the forward method, while factors affecting
lung ventilation function were analyzed using multivariate logistic regression.

Results: Sixty percent of the patients had normal lung function. Age was significantly
negatively correlated with forced vital capacity (FVQ)/FVC, egicred (B=-1.385, p=0.001), FEV,/
FEV, predicted (B=-2.092, p<0.001), and FEV,%/FEV,%,,cgicreq (B=-0.834, p=0.001). Body mass
index (BMI) for age Z score (B=1.661, p=0.045) and cesarean delivery (B=4.471, p=0.013)
were significantly positively correlated with FVC/FVC, giceq- Birth weight was significantly
positively correlated with FEV,/FEV, .y eq (B=4.593, p=0.027). Multivariate logistic regression
analysis revealed that age >=6years and cough variant asthma (CVA) were risk factors for
abnormal lung function.

Conclusions: Age, BMI for age Z score, mode of delivery, and birth weight were significantly
correlated with lung function in children with asthma. Furthermore, children with asthma
and normal lung function were more likely to be overlooked. More attention should be
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given to children with asthma and normal lung function, and CVA.

Introduction

Asthma is the most common chronic respiratory dis-
ease characterized by abnormal and inflammatory
airway mucosa, reversible airway obstruction, and
airway hyperresponsiveness (1). In susceptible people,
this inflammation can lead to recurrent coughing
(especially at night or early morning), wheezing, dys-
pnea, and chest tightness (1). Asthma affects more
than 300 million people worldwide (2). Children are
more likely to develop asthma than adults because of
problems such as different breathing patterns and
immature respiratory and immune system (3). Lung
function impairment in children with asthma is likely
to persist into adolescence or even adulthood (4).
According to the Global Burden of Disease 2019,
asthma accounted for approximately 0.85% of the total
disability-adjusted life years among the global

population, but 2.29% of children aged 5-14years had
asthma (5); it is also becoming more common in
children in China (6). According to the results of the
Third Nationwide Survey of Childhood Asthma in
urban areas of China, the total incidence of asthma
among children aged 0-14years in Chinese cities was
3.02% in 2010, which has significantly increased over
the past decade (7).

The Global Initiative for Asthma (GINA) considers
two levels of asthma control assessment: (1) evaluation
of the current therapeutic effect and (2) evaluation
of the prognosis (8). Lung function-related factors are
considered good prognostic indicators, and GINA
recommends the annual measurement of lung function
indicators in patients with asthma (8,9). The com-
monly used lung function evaluation indicators are
forced expiratory volume at 1s (FEV,), forced vital
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capacity (FVC), and FEV1/FVC (ratio of FEV, to
FVC) (10). Berhane et al. (4) hypothesized that gender
differences in the effects of asthma on lung function,
commonly observed in school-age children and ado-
lescents, may reflect differences in the duration and
age of onset of asthma. Another study showed that
the overall mean FVC level difference between ado-
lescents with and without asthma remained not sig-
nificant after gender stratification (11). In addition,
different studies have also mentioned the influence
of gestational age and birth weight (12) and body
adiposity/body mass index (BMI) (10) on lung dys-
function in school-age children. Most studies have
conducted a comparative analysis of patients with
asthma and healthy populations or assessed lung func-
tion factors in healthy populations.

However, the factors that affect lung function in
children with asthma remain unclear. Therefore, this
study aimed to analyze the possible factors of lung
function in children with asthma based on clinical
data to provide advice on clinical practice.

Methods
Data sources

The study was approved by the Ethics Committee of
Chengdu Womens and Children’s Central Hospital.
Newly diagnosed asthma patients aged 3-18years
admitted to the Respiratory Department of Chengdu
Women’s and Children’s Central Hospital in Sichuan
from July 2020 to June 2021 were enrolled. The exclu-
sion criteria were (1) history of asthma; (2) history
of pneumonia, bronchial pneumonia, or respiratory
diseases; and (3) lack of lung function detection data.
Finally, data from 195 patients were included in the
final analysis (Figure 1). The data used in the study
were extracted from hospital information system
(HIS), radiology information system, picture archiving
and communication systems, laboratory information
system (LIS), clinical information system (CIS), and
electronic medical records systems at Chengdu
Women’s and Children’s Central Hospital.

The collected data could be categorized as (1)
demographic data, including age, sex, BMI for age Z
score, mode of delivery, and birth weight; (2) disease
features including asthma type, complications, and
onset season; and (3) lung function indices, including
FVC/FVC, e FEVI/FEV . gicear FEV,%/
FEV %, cgicea (FEV,% = FEV /EVC x 100%), and
abnormal lung function.

Lung function test and quality control methods
for lung function

Spirometry is commonly performed in adults and
school-age children, as well as preschoolers, but qual-
ity control methods for adults are not suitable for
preschoolers (13). The 2007 American Thoracic
Society/European Respiratory Society (ATS/ERS)
guidelines set specific requirements for quality control
of lung ventilation function in preschoolers (13).

Evaluation instruments and equipment

A spirometer (Yeager Company, Germany) was used
in this study and calibrated by a volume scaler at
each startup, with an error <3% indicating normal
condition. Temperature (37 °C), standard atmospheric
pressure (101.08kPa), and gas state of saturated water
vapor (BTPS) were used for calibration at the begin-
ning of each session.

Patients’ height and weight were measured while
barefoot. A skilled technician performed the tests in
accordance with the ATS standards. The patients were
asked to sit with their feet on the ground and their
head at a normal level. The upper nose was clamped,
and a mouthpiece was provided. The patients were
instructed to hold the mouthpiece tightly with their
lips and not block it with their tongue, ensuring that
the mouth and nose did not leak air. Tight belts and
clothing were not worn. The patients were allowed to
practice one to two times before the test. The optimal
value was considered as the parameter record, and
the FEV,, FVC, peak expiratory flow (PEF), forced
expiratory flow (FEF),.,, FEF.y,, FEF,, were calcu-
lated as the percentages of the predicted value.

The quality control methods of lung function mea-
surement for 3- to 6-year-old preschoolers were as
follows: quickly achieved PEF, smooth expiratory
descending branch, no cough, and glottis closure. The
test was performed again if the back-extrapolated vol-
ume (VBE) was >80mlL, or 12.5% of FVC. If there
was no error in the testing process, then the data were
retained. Otherwise, the data were excluded. If the
cessation of flow occurred at >10% of the peak flow,
this maneuver was classified as premature termination.
The starting point of FEV, was determined by VBE.
The optimal expiratory flow-volume curve shows the
maximum sum of FEV, + FVC. Ideally, the tested child
should complete at least two acceptable tests, and the
difference between FVC and FEV, should be <0.1L or
10%. If there is only one satisfactory maneuver, the
data from this test should still be included.
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function test between July 2020
and June 2021 were extracted
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e >18 years old N=174 (11%)

* Other diseases N=972 (69%)

* History of asthma N=39 (9%)

203 excluded

* 108 had incomplete basic
features

* 49 had incomplete lung

A 4

195 eligible asthma patients
were enrolled

function indexes

* 46 had history of pneumonia,
bronchial pneumonia or
respiratory diseases

Figure 1. Overview of patients included in the study and number of patients for analysis.

The quality control methods of lung function mea-
surement for children 26years old are as follows.
Measurements were taken at least three times during
the measurement process, and the error between the
two best times should be <5%, no abnormality in the
flow rate volume curve was seen, and the time volume
curve indicated the plateau of the expiratory phase.

Definition of the variables

BMI for age Z score

BMI was calculated as weight (kg)/height (m) (2).
Age-specific BMI Z-scores are defined as the differ-
ence between the measured BMI of children and the
median BMI of a reference population with the same

age and gender, divided by the reference population
BMI standard deviation. The BMI for age Z score can
be divided into three groups [Z score < -2 is too low,
-2 to 2 is normal, and >2 is too high (14)].

Asthma types
Asthma types were divided according to the doctor’s
diagnosis of cough variant asthma (CVA) and com-
mon asthma.

Lung function indexes

Lung function was evaluated by four indexes: FVC/
FVC, edictea (ratio of FVC measured value to predicted
value), FEV/FEV,, geq (ratio of FEV, measured
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value to predicted value), FEV,%/FEV,%,, giced
(defined FEV % as the ratio of the FEV, to the FVC,
“FEV,%/FEV % regiced. means the ratio of FEV,% mea-
sured value to predicted value); abnormal lung
function.

Abnormal lung function

In addition to these three indicators (FVC/FVC,,giciear
FEV/FEV | dicterr FEV1%/FEV, %, dicieq)> SiX other lung
function indicators were measured (Supplementary
Table S1). When the indicator value was >80%, the
indicator was normal. A doctor determined whether
the lung function was abnormal using nine measure-
ment indexes. If one of the measured indicators was
abnormal (<80%), then the patient was defined as
having abnormal lung function.

Statistical analysis

Statistical analyses were conducted using SPSS version
24.0 (SPSS Inc., Chicago, IL, USA). Figures were plot-
ted using GraphPad Prism version 7.01 (GraphPad
Software Inc., San Diego, California, USA). Variables
were expressed as the mean with standard deviation
or count (percentage) according to their distribution.
Factors associated with FVC/FVC,, 4ceq, FEV,/
FEV, giciear and FEV,%/FEV %, 4iceq Were analyzed
using univariate linear regression. All factors in the
univariate linear regression were included in the mul-
tivariate linear regression using forward stepwise
method to screen the independent predictors of FVC/
FVC,egicets FEV/FEV  gireqr and FEV %/FEV %y
The accuracy of the multivariate linear regression was
assessed using a standardized residual. Factors affect-
ing lung function were analyzed using univariate and
multivariate logistic regression. All tests were
two-sided. Statistical significance was set at p <0.05.

Results

Baseline characteristics of the children with
asthma

The results showed that the average age of patients
in this study was 6.7 years, the proportion of female
patients was 48.7% (n=95), the mean BMI for age Z
score was 0.29, and the mean birth weight was 3.2kg.
Among these children, 87 (44.6%) and 94 (48.2%)
patients were delivered via spontaneous vaginal deliv-
ery and cesarean section, respectively. Of the 175
patients with asthma, 89.7% had common asthma. A
total of 79.5% of the patients did not develop related

complications. In terms of time, a higher proportion
of patients became ill during winter. Combined with
the relevant lung function indicators, 60% of the
patients (117) had normal lung function. The detailed
results are presented in Table 1. The proportion of
asthmatic children that had normal FVC/FVC, gicear
FEV,/FEV e and FEV,%/FEV % g is listed
in Supplementary Table S2.

Univariate and multivariate linear regression
results of the factors affecting lung function in
children with asthma

Results of FVC/FVC,, gicteq Value

Univariate linear regression analysis showed that age
(B=-1.326, p<0.001), BMI for age Z score (B=1.637,
p=0.039), cesarean delivery (B=3.609, p=0.047), and
autumn onset (B=-4.997, p=0.030) were significantly
correlated with FVC/FVC,, gieq- Multivariate linear

Table 1. Baseline characteristics of asthmatic children.

Parameters Asthmatic children (N=195)
Demographics
Age (years), mean+SD 6.7+2.5
Gender, no. (%)
Female 95 (48.7)
Male 100 (51.3)
Height (cm), mean+SD 121.1+£14.9
Weight (kg), mean+SD 25.8+16.0
BMI (kg/m?)
Mean +SD 16.4+23
Range 12.3-255
BMI for age Z score, mean+SD 0.29+1.12
Mode of delivery, No. (%)
Natural childbirth 87 (44.6)
Cesarean delivery 94 (48.2)
Unknown 14 (7.2)
Birth weight (kg), mean+SD 3.2+05

Disease features
Diagnosis, No. (%)
CVA 20 (10.3)

Common Asthma 175 (89.7)
Complication, No. (%)
No 155 (79.5)
Yes 40 (20.5)
Rhinitis 18 (9.2)
Bronchitis 14 (7.2)
URI 5 (2.6)
Others 5(2.6)
Onset season, No. (%)
Spring 53 (27.2)
Summer 46 (23.6)
Autumn 35 (17.9)
Winter 61 (31.3)
Lung function indexes
FVC/FVC eicrea (%), mean +SD 105.8+12.4
FEV/FEV] pregicted (%), mean+SD 105.9+14.7
FEV,%/FEV % oredicrea (%), mean£SD 100.2+8.1
Abnormal lung function, no. (%)
Yes 78 (40.0)
No 117 (60.0)

SD, standard deviation; BMI, body mass index; CVA, cough variant asthma;
URI, upper respiratory infection; FVC, forced vital capacity; FEV,, forced
expiratory volume at one second; FEV,% = FEV,/FVC x 100%, ratio of
the FEV, to the FVC.
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regression analysis found that age (B=-1.385,
p=0.001), BMI for age Z score (B=1.661, p=0.045),
and cesarean delivery (B=4.471, p=0.013) were sig-
nificantly correlated with FVC/FVC,ieq- The FVC/
FVC, cdiceed Value was lower in asthmatic children with
increasing age or with a lower BMI for age Z score.
Children with asthma had lower FVC/FVC,,,4;eq val-
ues if they were delivered by natural childbirth. The
detailed results are presented in Table 2.

Results of FEV,/FEV, . iceq Value

The univariate linear regression analysis showed that age
(B=-2.054, p<0.001), birth weight (B=4.980, p=0.022),
and autumn onset (B=-5.367, p=0.049) were signifi-
cantly correlated with FEV,/FEV, ¢ The multivariate
linear regression analysis found that age (B=-2.092,
p<0.001) and birth weight (B=4.593, p=0.027) were
significantly correlated with FEV,/FEV, .- In chil-
dren with asthma, the FEV,/FEV, 44 value was lower

Table 2. Factors associated with FVC/FVC
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with increasing age or lower birth weight. The detailed
results are presented in Table 3.

Results of FEV,%/FEV ;% pegictea Value

Univariate linear regression analysis showed that age
(B=-0.762, p=0.001) was significantly correlated with
FEV,%/FEV,%,gicieq- The results of the multivariate
analysis were the same (B=-0.834, p=0.001). The
detailed results are presented in Table 4.

Multivariate logistic regression results of the risk
factors for abnormal lung function in children
with asthma

The multivariate logistic regression analysis of lung
function results showed that age >6years and CVA
were risk factors for abnormal lung function. The
detailed results are presented in Table 5.

predicted*

95% Cl

Variables B SE t p value Lower Higher
Univariate linear regression

Age -1.326 0342 -3.877 <0.001 -2.001 -0.651
Male -0.770 1777  -0.433 0.665 -4.275 2.735
BMI Z score 1.637 0.786 2.081 0.039 0.086 3.188
Cesarean delivery vs. natural childbirth 3.609 1.802 2.003 0.047 0.053 7.165
Birth weight 2.989 1.839 1.625 0.106 -0.640 6.617
Common Asthma vs. CVA 0.409 2.929 0.140 0.889 -5.368 6.186
Complication 2.334 2.194 1.064 0.289 -1.994 6.663
Spring vs. other seasons 1.795 1.993 0.900 0.369 -2.137 5.726
Summer vs. other seasons 1.427 2.091 0.682 0.496 -2.697 5.550
Autumn vs. other seasons -4.997 2288 -2.184 0.030 -9.509 -0.485
Winter vs. other seasons 0.575 1.916 0.300 0.765 -3.205 4.354
Multivariate linear regression (forward)

Age -1.385 0.391 -3.544 0.001 -2.156 -0.613
Cesarean delivery vs. natural childbirth 4.471 1.781 2,511 0.013 0.956 7.986
BMI Z score 1.661 0.823 2.018 0.045 0.036 3.286

Boldface represents p <0.05. FVC, forced vital capacity; SE, standard error; Cl, confidence interval; BMI,
body mass index; CVA, cough variant asthma.

Table 3. Factors associated with FEV,/FEV,

redicted*

95% Cl

Variables B SE t p value Lower Higher
Univariate linear regression

Age -2.054 0.395 -5.206 <0.001 -2.833 -1.276
Male 0.148 2.110 0.070 0.944 -4.013 4.309
BMI Z score 1.515 0.937 1.617 0.108 -0.333 3.364
Cesarean delivery vs. natural childbirth 2.930 2.185 1.341 0.182 -1.381 7.241
Birth weight 4,980 2.148 2.319 0.022 0.742 9.219
Common asthma vs. CVA -1.922 3.473 -0.553 0.581 -8.773 4.928
Complication 0.529 2611 0.202 0.840 -4.622 5.679
Spring vs. other seasons 3.640 2.356 1.545 0.124 -1.007 8.286
Summer vs. other seasons 1.241 2.482 0.500 0.618 -3.655 6.138
Autumn vs. other seasons -5.367 2.721 -1.972 0.04 -10.733 0.000
Winter vs. other seasons -0.715 2.274 -0.315 0.753 -5.200 3.770
Multivariate linear regression (forward)

Age -2.092 0.453 -4618  <0.001 -2.986 -1.198
Birth weight 4.593 2.052 2.238 0.027 0.542 8.644

Boldface represents p <0.05. FEV,, forced expiratory volume at one second; SE, standard error; Cl, confidence
interval; BMI, body mass index; CVA, cough variant asthma.
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Table 4. Factors associated with FEV,%/FEV,%

predicted*
95% Cl

Variables B SE t p value Lower Higher
Univariate linear regression

Age -0.762 0.225 -3.388 0.001 -1.206 -0.319
Male -1.789 1.152 -1.553 0.122 -4.061 0.484
BMI Z score -0.253 0.518 -0.488 0.626 -1.275 0.769
Cesarean delivery vs. natural childbirth -0.372 1.195 -0.311 0.756 -2.730 1.986
Birth weight -0.372 1.195 -0.311 0.756 -2.730 1.986
Common Asthma vs. CVA -2.569 1.901 -1.352 0.178 -6.318 1.180
Complication -1.814 1.429 -1.269 0.206 -4.632 1.005
Spring vs. other seasons 1.609 1.297 1.240 0.216 -0.950 4.168
Summer vs. other seasons 0.272 1.365 0.199 0.842 -2.420 2.963
Autumn vs. other seasons -0.672 1.509 -0.445 0.657 -3.649 2.304
Winter vs. other seasons -1.249 1.246 -1.002 0318 -3.707 1.209
Multivariate linear regression (forward)

Age -0.834 0.256 -3.260 0.001 -1.338 -0.329

Boldface represents p <0.05. FEV,% = FEV,/FVC x 100%; SE, standard error; Cl, confidence interval; BMI, body

mass index; CVA, cough variant asthma.

Table 5. Factors associated with abnormal lung ventilation function.

Univariate logistic

regression Multivariate logistic regression
Items p value OR (95% CI) p value OR (95% Cl)
Age (26 vs. <6years) 0.001 2.761 (1.489-5.121) 0.004 2.759 (1.391-5.472)
Male 1.000 1.000 (0.564-1.774) 0.618 1.187 (0.606-2.326)
BMI Z score (>2 vs. <2) 0.492 0.717 (0.277-1.853) 0.976 0.982 (0.301-3.205)
Cesarean delivery vs. natural childbirth 0.672 0.879 (0.485-1.595) 0.591 0.834 (0.431-1.616)
Birth weight (=2.5 vs. <2.5kg) 0.170 2.786 (0.644-12.052) 0.097 4.726 (0.755-29.584)
Common asthma vs. CVA 0.156 2.147 (0.747-6.171) 0.036 4.704 (1.104-20.047)
Complication 1.000 1.000 (0.492-2.033) 0.417 1.440 (0.597-3.471)
Onset season
Spring Reference - Reference -
Summer 0.112 1.941 (0.858-4.394) 0.225 1.787 (0.700-4.560)
Autumn 0.624 1.251 (0.511-3.065) 0.871 1.091 (0.382-3.118)
Winter 0.248 1.573 (0.730-3.392) 0.569 1.291 (0.536-3.113)

Boldface represents p <0.05. OR, odds ratio; Cl, confidence interval; BMI, body mass index; CVA, cough variant asthma.

Discussion

In children, asthma may affect airway development
and impair lung function, and lung dysfunction may
persist to a large extent in adulthood (15). However,
childhood asthma is a heterogeneous disease, and
patients may have a varied clinical course (16). The
possible factors that affect lung function in children
with asthma still need to be further explored.

The National Heart Lung Institute asthma guide-
lines defined mild asthma as a measured FEV, value
exceeding 80% of the predicted value. However, based
on the frequency of symptoms and medication usage,
asthma severity in children was not correlated with
the FEV, category defined in the National Asthma
Education and Prevention Project Guidelines (17).
Several studies have found that many children with
persistent asthma, even those with severe persistent
asthma, have normal lung function (18). In addition,
FEV, values of at least 100% of the predicted value
may be a manifestation of persistent asthma in chil-
dren (16). This was consistent with the results of this
study, which showed that the lung function index of

patients with asthma was greater than the predicted
value of 100%. However, this also indicates that those
asthmatic children with normal lung function are
more likely to be overlooked. Therefore, more atten-
tion should be given to these patients.

Asthma is more common in children than in adults
(15). A retrospective cross-sectional analysis of 2,728
children conducted by the National Jewish Medical
and Research Centre found that FEV, declined rapidly
in children aged 5-11years (19). These results are
similar to those reported by Melbourne (20) and
Martinez et al. (21). In this study, the univariate and
multivariate analysis results showed that those who
are not diagnosed until they are older have worse
lung function. The sooner interventions are made, the
better the patient’s late-stage lung function recovery.

Obesity increases the risk of adverse health out-
comes, including childhood asthma (22). Overweight
and obese individuals were 1.64 times and 1.92 times
more likely to develop asthma than those who were
underweight/normal weight (14). Another study also
reported an association between asthma and obesity



(10). Overweight or obesity further affects asthma by
affecting lung function (22). However, the effect of
obesity on lung function in children with asthma has
not yet been determined. One study suggested that
being overweight or obese was a significant risk factor
for impaired lung function in early childhood after
wheezing (23). Higher BMI is associated with lung
dysfunction (24). However, Bekkers et al. (25) suggest
that after adjusting for height, age, and other potential
confounding factors, high BMI in 8-year-olds was not
associated with FEV, or FVC. This may be related to
the fact that this association may change from child-
hood to adulthood (25). Another study showed that
the mean FVC and FEV, increased with BMI (11),
which is similar to the results of our study, in which
people with lower BMI have lower lung function than
those with higher BMI. This may be because malnu-
trition may be associated with deteriorating lung func-
tion in adults living in low- and middle-income
countries (26). In this study, the mean BMI of chil-
dren with asthma was within the normal range and
was close to that of the low group. In this study,
children with higher BMI had better nutrition and
higher lung function index. This also reiterates the
nonlinear relationship between BMI and lung func-
tion, and that further exploration is needed.

A meta-analysis results showed children who had
been delivered by cesarean section had a 20% increased
risk of asthma (27). In non-industrialized countries,
children born by cesarean section have an increased
risk of developing asthma (28). A Norwegian Mother
and Child Cohort Study found that children born by
cesarean section were more likely to develop asthma
at 36 months of age (relative risk = 1.17, 95% confi-
dence interval: 1.03, 1.32) (29). This may be related
to the microbiome in the gastrointestinal tract (30).
For example, a reduction in Bifidobacteria and an
increase in Clostridium in the intestine are associated
with asthma in early life (31). Infants delivered by
cesarean section have fewer Bifidobacteria and
Bacteroides but more Clostridium difficile in their
intestines than those delivered by natural childbirth
(32). However, the causal relationship between cesar-
ean section and asthma is arguably controversial (33).
A prospective birth cohort study showed that there
was no association between the mode of delivery and
childhood asthma (34), which may be because of the
mode of delivery of the child with asthma or the
wheezing risk varies over time (i.e. age). Therefore,
age-based selection of subjects may influence the find-
ings of previous results with a shorter follow-up
period (35). Whether cesarean section is a risk factor
for asthma development remains unclear, but the fact
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that asthma is one of the many consequences of cesar-
ean sections cannot be overlooked (36). The link
cannot be completely ruled out by available evidence.
Furthermore, studies have found that the link between
cesarean sections and childhood wheezing disorders
may be influenced by environmental changes and may
not be biologically mediated (37). In this study,
patients delivered by cesarean section were found to
have better lung function, which was inconsistent with
past clinical experience. It can be speculated that envi-
ronmental impact may be reason. In addition, although
more studies currently suggest that the incidence of
asthma is higher in patients who undergo cesarean
section, there is no conclusive evidence that patients
with cesarean section have poorer lung function than
patients who are delivered by natural childbirth. At
the same time, the difference in lung function param-
eters between adolescents born by cesarean section
and those born by natural childbirth is not statistically
significant (38). Therefore, further studies should be
conducted on whether cesarean section is a risk factor
for worse lung function in children with asthma.

Deterioration of asthma may be significantly asso-
ciated with modulations in the environment (39).
Viral infections, especially rhinoviruses, may cause
this seasonality (40), and peak asthma incidence is
consistent with seasonal patterns of related allergens
and respiratory virus infection prevalence (41). The
worsening of asthma in school-age children, which
peaks in autumn, may also be associated with children
returning to school after the summer holidays (40).
This may be due to the higher probability of children
being exposed to the source of infection upon return
to school and the increased probability of acting as
an intermediary for infection (40). It is speculated
that peak viral density in autumn may also be the
reason why lung function in children with asthma is
worse than in other seasons. In addition, CVA was
found to be a risk factor for abnormal lung function.
In clinical practice, more attention should be given
to lung function in patients with CVA, and treatment
given as early as possible to prevent more serious
consequences.

This study has some limitations. First, the small
sample size may have affected the results of our anal-
ysis. Second, this study was a retrospective study
based on HIS, LIS, and CIS. Therefore, some data
was unavailable, and only a limited number of vari-
ables could be included in the analysis. Third, this
study was a single-center study, and the extrapolation
of the results needs to be further verified. Fourth, it
appears that it is late to standardize the diagnosis
of asthma.
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In conclusion, age, BMI for age Z score, mode of
delivery, and birth weight all affect the lung function
of patients with asthma. Our results could help guide
the management of patients with asthma in clinical
practice.
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