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Distinct phenotype and risk factor analysis =

of persistent airflow limitation among asthmatic
children: a case-control study
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Abstract

Background Persistent airflow limitation (PAL) in childhood asthma is associated with a poor prognosis. The aim
of this study was to categorize asthmatic children with PAL into distinct phenotypes and investigate the risk factors
associated with each phenotype.

Methods We conducted a case-control study with a total of 119 PAL patients and 120 non-PAL (NPAL) individuals. To
classify the patients into appropriate clusters, unsupervised cluster analysis using K-means clustering was employed.
The clusters were then compared to explore different PAL phenotypes. Univariate and multivariate logistic regression
analyses were performed to identify risk factors for PAL and calculate odds ratios (ORs) with 95% confidence intervals
(95%(Cls).

Results K-means clustering divided patients into three clusters: Cluster 0 included 120 NPAL patients, Cluster 1 char-
acterized by elevated blood neutrophils included 66 PAL patients, and Cluster 2 exhibited elevated blood eosinophils
and FeNO levels, containing 53 PAL patients. Independent risk factors for PAL included older age in both Cluster 1 (9~
11y: OR 12,67, 95%Cl 3.30-55.74; >11y: OR 5.42, 95%Cl 1.26-25.69) and Cluster 2 (9~11y: OR 7.25, 95%Cl 1.70-33.35;
>11y: OR 11.28,95%Cl 2.79-51.89), as well as pneumonia history, with an OR of 6.41(95%Cl 1.34-33.41) in Cluster 1

and an OR of 7.92(95%Cl 1.83-37.44) in Cluster 2. Furthermore, specific factors associated with Cluster 1 included BMI
above 22 kg/mZ(OR 12.28,95%Cl 2.68-70.45), asthma duration exceeding three years (OR 4.77, 95%Cl 1.60-15.94),

and a blood neutrophil percentage between 0.4 and 0.5 (OR 4.13, 95%Cl 1.17-16.6). In Cluster 2, independent risk fac-
tors included a blood eosinophil percentage greater than 0.07 (OR 4.36, 95%Cl 1.16-19.73) and a high FeNO level (OR
3.94,95%Cl 1.35-11.97).

Conclusion Our study identified two phenotypes of PAL in asthmatic children: non-eosinophilic and eosino-
philic inflammation. Older age and a history of pneumonia were independent risk factors for both phenotypes.
For non-eosinophilic inflammation PAL, specific contributing factors included higher BMI, long duration of asthma,
and a blood neutrophil percentage between 0.4 and 0.5. Elevated FeNO levels and blood eosinophilic percentage
were independently associated with eosinophilic inflammation PAL.
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Background

Asthma is a prevalent chronic respiratory disease in chil-
dren, characterized by reversible airflow obstruction [1].
While the majority of pediatric asthma cases experience
symptom remission and regain normal lung function
through spontaneous recovery or appropriate treatment,
a small proportion of patients continue to face persistent
airflow limitation (PAL) despite receiving optimal treat-
ment [2-4].

Patients with PAL experience accelerated lung func-
tion decline, and children with abnormal lung function
growth are at a high risk of developing chronic airflow
obstruction in early adulthood [5, 6]. While the short-
term effects of PAL in asthmatic children on quality of
life, aerobic fitness, and peripheral muscle strength may
not be significant, PAL due to asthma in adulthood is
associated with frequent hospital admissions, higher
mortality rates, and even shorter life expectancy [7-9].
Therefore, the early identification of characteristics and
risk factors associated with PAL is crucial.

Most studies have generally described the characteris-
tics of patients with PAL, including being male, older in
age, having a longer duration of asthma, and exhibiting
elevated sputum or blood inflammatory cells [10-13].
However, there has been limited exploration of the dis-
tinct phenotypes of PAL, despite their crucial impor-
tance, as distinct phenotypes of the disease may be
underpinned by different mechanisms, thereby guiding
clinical decisions more effectively [14]. Furthermore,
while risk factors for PAL in asthmatic populations have
been extensively studied [11-13], only a few investi-
gations have focused on the pediatric population [4].
Whether the risk factors for PAL in asthmatic adults and
children are similar remains unknown. In this study, we
aimed to identify distinct PAL phenotypes in asthmatic
children and explore the specific risk factors associated
with each phenotype.

Methods

Study design

This case-control study has received approval from the
Ethics Committee of the Children’s Hospital Capital
Institute of Pediatrics (Approval No: SHERLL 2014040)
in Beijing, China. We collected data from asthmatic chil-
dren with PAL who visited the hospital’s allergy clinic
between 1 January 2021 and 31 July 2023. A control
group consisting of an equal number of patients with-
out PAL (NPAL) was included, maintaining a 1:1 ratio
between the groups. Unsupervised clustering analy-
sis was performed to uncover distinct PAL phenotypes.
Additionally, univariate and multivariate logistic regres-
sion (LR) analyses were conducted to identify risk factors
associated with each PAL phenotype.
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Participants

The diagnostic criteria for asthma used in this study were
aligned with the criteria provided by the Global Initiative
for Asthma (GINA) [2]. The inclusion criteria consisted
of the following: (1) patients diagnosed with asthma; (2)
individuals aged between 5 and 18 years; (3) patients
who had visited our clinic for asthma at least three times.
Exclusion criteria were: (1) missing medication data
or spirometry records; (2) individuals with concurrent
chronic conditions, including cardiovascular diseases,
autoimmune diseases, and mental disorders.

Data collection
We collected data from the medical records of the partic-
ipants in our study, including the following information:

(1) Demographic data: This included age, gender,
weight, and height.

(2) Disease-related variables: We recorded asthma
severity, history of asthma exacerbation, history
of pneumonia, atopy, and allergic comorbidities.
Asthma severity was defined in accordance with
the GINA guidelines [2]. Asthma exacerbation was
determined based on the criteria outlined in the
Official American Thoracic Society/European Res-
piratory Society Statement [15]. Atopy was defined
as having any positive Phadiatop test (> 0.35 KU/L)
or positive skin prick test.

(3) Treatment-related variables: We noted the daily
dose of inhaled corticosteroids (ICS), medication
adherence, and systemic steroid use. Good adher-
ence was defined as patients using ICS in the pre-
scribed dose and frequency and regularly visiting
our allergy clinic every 3-6 months.

(4) Auxiliary examination: We recorded blood neutro-
phils and eosinophils, total serum immunoglobu-
lin E (IgE) level, fraction of exhaled nitric oxide
(FeNO), as well as baseline spirometry parame-
ters such as forced expiratory volume in 1 second
(FEV1)/forced vital capacity (FVC), percentage of
predicted FEV1(FEV1%pred), percentage of pre-
dicted FVC(FVC%pred), percentage of predicted
peak expiratory flow (PEF%pred), and percentage of
predicted forced expiratory flow at 25% to 75% of
forced vital capacity(FEF25-75%pred).

Outcome definition

The definition of PAL has varied across differ-
ent studies. Some have defined PAL based on pre-
bronchodilation(BD) or post-BD FEV1/FVC with a
threshold of 0.70 or the lower limit of the normal range
[4, 10, 16, 17]. However, FEV1/FVC <0.7 may underes-
timate the presence of airflow limitation, and a ratio of
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0.75 has been shown to achieve better sensitivity and
specificity [18, 19]. Additionally, some studies have solely
used a single post-BD FEV1/FVC to define PAL, which
may not accurately reflect the persistent nature of air-
flow limitation [20]. In our study, we defined PAL as
FEV1/FVC ratio below 0.75 in all completed spirometry
measurements conducted within one year. Moreover, we
differentiated between irreversible PAL(IPAL), character-
ized by an FEV1/FVC ratio below 0.75 for both pre-BD
and post-BD measurements, and reversible PAL (RPAL),
characterized by an FEV1/FVC ratio below 0.75 for the
pre-BD measurement but above 0.75 for the post-BD
measurement [21].

Data processing

Four variables exhibited missing values, with the miss-
ing rate ranging from 10.04% to 19.66%. Moreover, these
missing values occurred at random (Figure S1). Thus, we
employed multiple imputation to deal with missing data
[22, 23]. The imputed values for these variables closely
mirrored the empirical distribution observed in subjects
for whom these variables were measured (Figure S2).
Continuous variables were normalized, and categori-
cal variables were encoded using one-hot encoding. The
processed data was further subjected to principal com-
ponent analysis. Components were selected for cluster-
ing analysis if their cumulative variance explained more
than 70% of the total variance, and we finally chose seven
components for further clustering analysis.

In univariate and multivariate LR analyses, we initially
addressed missing values through multiple imputation
techniques. Subsequently, we categorized continuous
variables based on their interquartile range (IQR).

Clustering analysis

K-means clustering is widely recognized for its versatil-
ity, computational efficiency, and straightforward imple-
mentation, making it a popular choice in various research
domains [24]. The critical consideration for K-means
clustering lies in determining the optimal number of
clusters. In our study, we explored a range of cluster
numbers, spanning from three to six, and conducted an
evaluation using validity indices to pinpoint the most
appropriate number of clusters.

We applied the silhouette coefficient (SC), Davies-
Bouldin Index(DBI), and Calinski-Harabasz Index(CHI)
for performance estimation. The range of SC is from -1
to +1, and a higher SC indicates a better clustering effect.
DBI and CHI were metrics for estimating the compact-
ness and separation between clusters. DBI and CHI
range from zero to positive infinity. A smaller DBI sug-
gests a better clustering result. Conversely, a higher CHI
indicated a better performance. All visualization and
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clustering analyses were conducted using Python 3 and
Prism 9.

Sample size and statistical analysis
We utilized the software PASS 15 to calculate the sample
size for our case-control study. Based on previous litera-
ture [4], an expected odds ratio of 4.0 and a proportion
of control group exposure of 0.63 were determined. We
selected a desired power of 0.90 and a significance level
of 0.05 to ensure adequate power while controlling for
false positive findings. The calculated minimum sam-
ple size of patients was 124, with 62 patients in the PAL
group and 62 patients in the NPAL group.

Continuous variables were reported as either the mean
+ standard deviation or the median with the IQR. Cat-
egorical variables were described using frequencies and
percentages. For the comparison of continuous variables
between two independent groups, we employed either
the Student’s t-test or the Mann-Whitney U test, depend-
ing on the data distribution. When comparing multiple
independent groups, we utilized the Kruskal-Wallis test.
Categorical variables were compared using either the
Chi-square test or Fisher’s exact test as appropriate. The
univariate and multivariate LR were conducted to calcu-
late the odds ratios (OR) and 95% confidence intervals
(95%CI) for the variables. A p-value less than 0.05 was
considered statistically significant. All statistical analyses
were performed using R (Version 4.0.2)

Results

Characteristics of PAL and NPAL patients

Our study included 119 patients with PAL and 120
patients with NPAL (Table 1 summarizes patient char-
acteristics ). Patients with PAL were significantly older
than those in the NPAL group (median age 11.0 [9.0,
13.0] vs. 8.0 [7.0, 9.0], P<0.001). The BMI of patients
with PAL (median 20.00 [16.63, 24.29]) was higher
compared to patients with NPAL (median 16.69 [14.85,
18.98])(P<0.001). The proportion of patients with asthma
duration over three years in the PAL group was higher,
with 76.5% compared to 61.7% in the NPAL group (P =
0.020). Furthermore, patients with PAL were more likely
to have a history of systemic steroid use (11.7% vs. 3.3%,
P=0.026), asthma exacerbation (16.8% vs. 6.7%, P=0.025),
and pneumonia (13.4% vs. 4.2%, P=0.021) compared to
the patients with NPAL. FeNO levels were also signifi-
cantly higher in the PAL group. Conversely, the NPAL
group had a higher percentage of patients with eczema
or dermatitis than the PAL group (35.8% vs. 19.3%,
P=0.007). All spirometry parameters except FVC%pred
in the PAL group were significantly lower than those in
the NPAL group (P<0.001). However, no statistically
significant differences were observed in gender, asthma
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Table 1 Characteristics of patients with or without persistent airflow limitation

Characterisitcs N1 NPAL(N=120) N2 PAL(N=119) P
Female, n(%) 120 32(26.7) 119 22(18.5) 0.175
Age(y),median(IQR) 120 8.0[7.0,9.0] 119 11.0[9.0,13.0] <0.001
BMI(kg/m?),median(IQR) 120 16.69[14.85, 18.98] 119 20.00[16.63, 24.29] <0.001
Duration(=3y), n(%) 120 74(61.7) 119 91(76.5) 0.020
Severe asthma, n(%) 120 16(13.3) 119 9(7.5) 0213
Poor adherence, n(%) 120 38(31.7) 119 53(44 5) 0.055
Systemic steroid use, n(%) 120 4(3.3) 119 14(11.7) 0.026°
Exacerbation, n(%) 120 8(6.7) 119 20(16.8) 0.025
Allergic rhinitis, n(%) 120 119(99.2) 119 117(98.3) 0.622
Allergic conjunctivitis, n(%) 120 16(13.3) 119 1109.2) 0427
Food allergy, n(%) 120 2(1.7) 119 1(0.8) 1.000°
Eczema or dermatitis, n(%) 120 43(35.8) 119 23(19.3) 0.007
Atopy, n(%) 109 95(87.2) 102 90(8 2) 0977
Pneumonia, n(%) 120 54.2) 119 16(13.4) 0.021
Neu percentage, median(IQR) 101 0.48[0.40, 0.54] 91 0.51[0.44, 0.58] 0.940
Eos percentage, median(IQR) 101 0.045[0.021, 0.066] 91 0.050[0.024, 0.080] 0.978
FeNO(ppb), median(IQR) 109 20.0[10.0, 26.0] 106 29.0[13.0, 44.0] <0.001
FEV1%pred, mean(IQR) 120 98.20[92.20, 104.47] 119 85. 85[79‘52, 92.50] <0.001
FVC%pred, mean(IQR) 120 94.40[88.88, 99.90] 119 .3[94.70, 108.60] <0.001
FEV1/FVC,median(IQR) 120 88.05[84.73,91.60] 119 71 28[69,64, 73.75] <0.001
PEF%pred,median(IQR) 120 94.15[86.58, 103.47] 119 85.50[74.85,93.15] <0.001
FEF25-75%pred median(IQR) 120 85.02[73.12,99.55] 119 50.90[45.04, 57.45] <0.001

2The Fisher’s exact test was used for comparison

severity, medication adherence, allergic rhinitis, allergic
conjunctivitis, food allergies, atopy, blood neutrophil per-
centage, and blood eosinophil percentage.

Distinct phenotypes of PAL

Based on the validity indices, we employed K-means
clustering to partition the dataset into three distinct
clusters (Fig. 1). Cluster 0 exclusively comprised patients
with NPAL (#=120), while Cluster 1 (#=66) and Clus-
ter 2 (n=53) encompassed patients with PAL. Cluster
1 included 32 patients with IPAL and 34 patients with
RPAL, while Cluster 2 comprised 24 patients with IPAL
and 29 patients with RPAL (Fig. 2A).

We conducted a comparative analysis of several key
biomarkers, including blood neutrophils, blood eosino-
phils, and FeNO, identifying two distinct phenotypes
within the PAL patient group (Fig. 2). Specifically, PAL
patients in Cluster 1 exhibited elevated blood neutrophil
counts and higher neutrophil percentages in comparison
to the NPAL group (Cluster 0). In contrast, PAL patients
in Cluster 2 displayed significantly increased blood eosin-
ophil counts, eosinophil percentages, as well as elevated
FeNO levels. In summary, PAL patients in Cluster 1
tended to exhibit characteristics associated with non-
eosinophilic inflammation, whereas those in Cluster 2

were more likely to display features indicative of eosino-
philic inflammation.

Characteristics of distinct PAL phenotypes

As illustrated in Table S1, PAL patients with non-eosin-
ophilic inflammation (Cluster 1) tended towards older
age, higher BMI, longer disease duration, and demon-
strated good adherence to treatment regimens. On the
other hand, PAL patients with eosinophilic inflamma-
tion (Cluster 2) tended to be relatively younger, had
lower BMI values, shorter disease duration, and dis-
played poorer treatment adherence. Although a history
of asthma exacerbation, systemic steroid use, and pneu-
monia showed significant differences among the three
clusters, post hoc tests did not reveal any statistically sig-
nificant differences between any two groups. This lack of
statistical significance could potentially be attributed to
the relatively small sample size in the study.

Risk factors of PAL

To identify the risk factors associated with each PAL
phenotype, we initially performed a univariate LR
analysis on the included variables (Table S2). Variables
with a significance level of P<0.1 from the univariate LR
analysis were subsequently included in the multivariate
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Fig. 1 Kmeans clustering results. A Silhouette coefficient with varying cluster numbers. B Calinski-Harabasz Index across different cluster counts. C
Davies-Boudin Index under various cluster settings. D Cluster outcome with three clusters

LR analysis. For identifying variables significantly asso-
ciated with PAL characterized by non-eosinophilic
inflammation, we included the following variables in
the multivariate LR analysis: age, BMI, disease dura-
tion, systemic steroid use, history of asthma exacer-
bation, allergic conjunctivitis, eczema or dermatitis,
pneumonia, blood neutrophil percentage, and FeNO.
For PAL characterized by eosinophilic inflammation,
we included the following variables in the multivariate
LR analysis: age, BMI, systemic steroids use, history of
exacerbation, pneumonia, blood eosinophil percentage,
and FeNO.

As presented in Table 2, we observed significant asso-
ciations between age above nine years and both non-
eosinophilic inflammation PAL (9~11y: OR 12.67, 95%CI
3.30-55.74; >11y: OR 5.42, 95%CI 1.26-25.69) as well as
eosinophilic inflammation PAL (9~11y: OR 7.25, 95%CI
1.70-33.35; >11y: OR 11.28, 95%CI 2.79-51.89). Addition-
ally, a history of pneumonia independently contributed
to the risk of both non-eosinophilic phenotype (OR 6.41,

95%CI 1.34-33.41) and eosinophilic phenotype (OR 7.92,
95%CI 1.83-37.44).

Furthermore, specific risk factors were identified for
PAL associated with non-eosinophilic inflammation.
These included a BMI above 22 kg/m? (OR 12.28, 95%CI
2.68-70.45), an asthma duration exceeding three years
(OR 4.77, 95%CI 1.60-15.94), and blood neutrophil per-
centage between 0.4 and 0.5 (OR 4.13, 95%CI 1.17-16.60).
In the eosinophilic inflammation phenotype of PAL,
blood eosinophil percentage greater than 0.07 (OR 4.36,
95%CI 1.16-19.73) and a high level of FeNO (OR 3.94,
95%CI 1.35-11.97) were found to be independent risk
factors. Interestingly, a moderate level of FeNO dem-
onstrated a protective effect with an OR of 0.10 (95%CI
0.02-0.41).

Discussion

Our study first explored phenotypes in asthmatic chil-
dren with PAL and identified two distinct pheno-
types: non-eosinophilic inflammation and eosinophilic
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Fig. 2 Phenotype comparison of three clusters. A The distribution of patients with or without persistent airflow limitation among three clusters. B
Blood neutrophil count. C Blood neutrophil percentage. D Blood eosinophil count. E Blood eosinophil percentage. F FeNO level

inflammation. We found that age above nine years and
a history of pneumonia were independent risk factors
for both phenotypes. In addition, we identified spe-
cific risk factors for each phenotype. A BMI above 22.0
kg/m?, asthma duration exceeding three years, and a
blood neutrophil percentage between 0.40 and 0.50 were
significantly associated with PAL characterized by non-
eosinophilic inflammation. On the other hand, high
FeNO levels were found to be an independent risk factor
for eosinophilic inflammation PAL.

Several studies have examined the phenotypes of
PAL in adult asthmatic patients. Kanstantellou et al.
[16] categorized asthmatic adults into three clusters,
with only one cluster showing an association with PAL.
This PAL cluster was characterized by elevated lev-
els of FeNO and higher counts of sputum eosinophils
and neutrophils. Similarly, Mogensen et al. [10] found
that asthmatic adults with PAL tended to have higher
FeNO levels, along with elevated blood eosinophil and

neutrophil percentages. However, these studies did
not further explore the specific phenotype of PAL. In
our study, we further investigated the distribution of
elevated blood eosinophils and neutrophils and identi-
fied two subgroups of asthma patients with PAL. One
cluster of PAL patients exhibited higher blood neutro-
phils, while another cluster had higher blood eosinophils
and elevated FeNO levels. Smith et al. [14] conducted
a study that also identified two distinct phenotypes of
PAL. Patients with long-term PAL (duration>3 years)
exhibited neutrophilic sputum inflammation and airway
remodeling, while patients who developed PAL during
the follow-up period displayed higher sputum eosinophil
content. Due to challenges in collecting sputum samples
in our study, we chose to identify inflammation patterns
based on blood eosinophils and neutrophils.

Risk factors have been extensively investigated in
asthmatic adults, with relatively limited attention given
to asthmatic children. Numerous studies consistently
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Table 2 Multivariate logistic regression of variables for distinct

phenotype of persistent airflow limitation

Characteristics Cluster1 Cluster2
OR(95%Cl) P OR(95%Cl) P
Agely)
5~7 Ref
7~9 1.08(0.28, 4.26) 0914 1.61(048,5.62) 0442
9~11 12.67(3.30,55.74) <0.001 7.25(1.70,33.35) 0.008
>11 542(1.26,25.69) 0.027 11.28(2.79,51.89) 0.001
BMI(kg/m?2)
<15.0 Ref
15.0~185 2.82(0.73,13.11)  0.152  1.35(0.39, 5.00) 0.644
18.5~22.0 3.07(059,1827) 0.193 0.71(0.15,3.23)  0.658
2220 12.28(2.68,70.45) 0.002 3.46(0.84,1527) 0.090
Duration(=3y)  4.77(1.60,15.94)  0.007 -
Pneumonia 641(1.34,3341) 0021  7.92(1.83,37.44) 0.006
FeNO(<12y/>12y)
<20/<25 Ref
20~35/25~50  042(0.14,1.15) 0.099  0.10(0.02,041) 0.003
>35/=50 3.01(0.85,1149) 0095 3.94(135,11.97) 0013
NEU percentage
<04 Ref
04~0.5 4.13(1.17,1660) 0034 - -
0.5~0.6 2.20(0.65, 8.06) 0215 - -
>0.6 4.83(0.99,26.16) 0057 - -
Eo percentage
<0.02
0.002~0.05 - - 1.89(0.48,860) 0378
0.05~0.07 - - 2.87(0.65,14.50) 0.177
>0.07 - - 4.36(1.16,19.73)  0.038

demonstrated that in adult patients, older age, smoking,
and a longer duration of asthma independently increased
the risk of PAL [11-13]. In our research, we discovered
that children of older age and those with a duration of
asthma exceeding three years also exhibited an elevated
risk of PAL. Furthermore, evidence has suggested that
maternal cigarette smoking during gestation was associ-
ated with abnormal lung function growth in children [6].
These findings collectively indicated that certain risk fac-
tors for PAL were shared between asthmatic adults and
children.

A 4-year follow-up cohort study on asthmatic children
demonstrated that frequent asthma exacerbations and
severe asthma were independently associated with PAL
[4]. Our research found that systemic steroid use and
asthma exacerbations were associated with eosinophilic
inflammation PAL in univariate LR analysis. Nonethe-
less, these associations did not remain significant in the
multivariate LR analysis. Additionally, we did not observe
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any significant association with asthma severity. Similar
to studies in adult patients, research on asthma exacer-
bations and asthma severity has produced conflicting
results [11, 12, 25, 26]. These disparities could be attrib-
uted to variations in study design, sample size, diverse
populations, and even different definitions of PAL. To
enhance the confidence of these findings, further per-
spective cohort studies with larger sample sizes of asth-
matic children and meta-analyses investigating the risk
factors for PAL are necessary.

Many studies have detailed the characteristics of adult
patients with PAL, such as being male, older, having a
longer duration of asthma, and having a higher likeli-
hood of a smoking history. Nevertheless, no significant
differences were found in atopy status, BMI, or a history
of asthma exacerbation [10-13]. Our study also observed
that patients with PAL were older and had a higher pro-
portion of long asthma duration, but there was no sig-
nificant change in atopy status. Furthermore, in line with
previous research on asthmatic children [4], we found
that asthmatic patients with PAL exhibited higher BMI
and a tendency towards asthma exacerbations. These
characteristics appear to be specific to pediatric asthma
cases. Interestingly, our findings showed children in
cluster 2 had poor adherence, contrasting with cluster
1’s good adherence. Although, elucidating the results
of data-driven cluster analysis can be challenging. Sev-
eral factors may account for this outcome. Suboptimal
adherence is associated with elevated FeNO levels [27,
28], partially explaining why more patients with poor
adherence were in cluster 2, characterized by the highest
FeNO levels. Additionally, perception of airflow limita-
tion is also related to adherence [29]. Research indicates
that elevated FeNO levels and younger age are associ-
ated with poor perception [30, 31], a trend consistent
with our observations that patients in cluster 2 exhibited
higher FeNO levels and were younger in age. Neverthe-
less, direct evidence regarding the relationship between
adherence and phenotypes was not explored. Further
investigation is warranted to determine whether adher-
ence is a consequence or a contributing factor to pheno-
typic characteristics.

Our study had several limitations. Firstly, being a case-
control study based on medical records, we were unable
to include broader factors potentially associated with
PAL in our analysis, such as smoking exposure, air pol-
lution, and economic status. Secondly, our study only
focused on identifying the phenotype of PAL without
delving into the underlying mechanisms. It would be
beneficial to further investigate the specific mechanisms
involved in the development of PAL, as different pheno-
types of PAL may be associated with different underlying
mechanisms. Thirdly, although we included all eligible
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patients with PAL within three years in our study, the
sample size was still relatively small. This limited the
number of variables that could be included in the mul-
tivariate LR analysis. Despite these limitations, our study
provides valuable insights into the distinct phenotypes
and risk factors of PAL. Future research with larger sam-
ple sizes and a more comprehensive approach is war-
ranted to further elucidate the complex nature of PAL
and its underlying mechanisms.

Conclusion

Our study identified two phenotypes of PAL in asthmatic
children: non-eosinophilic and eosinophilic inflamma-
tion. Older age and a history of pneumonia were inde-
pendent risk factors for both phenotypes of PAL. For
non-eosinophilic inflammation PAL, specific contrib-
uting factors included higher BMI, long duration of
asthma, and a blood neutrophil percentage between 0.4
and 0.5. Higher FeNO levels and elevated blood eosino-
philic percentages were independently associated with
eosinophilic inflammation PAL.

Abbreviations
PAL Persistent airflow limitation

NPAL  Non persistent airflow limitation

RPAL  Reversible persistent airflow limitation
IPAL Irreversible persistent airflow limitation
GINA  The Global Initiative for Asthma

LR Logistic regression

BD Bronchodilation

IQR Interquartile range

SC Silhouette coefficient

DBI Davies-Bouldin Index

CHI Calinski-Harabasz Index
OR Odds ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512887-024-05201-3.

[ Supplementary Material 1: Tables S1 and S2; Figures ST and S2. }

Acknowledgements
We would like to express our gratitude to all the clinical technicians who
conducted the spirometry measurements and skin prick tests.

Authors’ contributions

Shigiu Xiong contributed to the data collection, data processing and analysis,
as well as manuscript drafting. Xinyu Jia contributed to data collection and
data processing. Wei Chen contributed to data analysis and visualization.
Chuanhe Liu supervised all aspects of data collection and revised the manu-
script. All authors reviewed the manuscript.

Funding
The study was supported by the capital health research and development of
special (2022-1G-4241).

Data availability
The original data and code used in this study are available from the corre-
sponding author on reasonable request.

Page 8 of 9

Declarations

Ethics approval and consent to participate

This case-control study has been approved by the Ethics Committee of the
Children’s Hospital, Capital Institute of Pediatrics, Beijing, China (Approval No:
SHERLL 2014040). All patient identities and private information have been
rigorously protected in compliance with ethical guidelines. Consequently, a
waiver of informed consent has been granted by the Ethics Committee of the
Children’s Hospital, Capital Institute of Pediatrics.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Allergy, Center for Asthma Prevention and Lung Function
Laboratory, Children’s Hospital of Capital Institute of Pediatrics, Beijing 100020,
China. >Children’s Hospital of Capital Institute of Pediatrics, Chinese Academy
of Medical Sciences & Peking Union Medical College, Beijing 100730, China.
3Department of Pediatrics, Xi'an Children’s hospital, Xi'an 710003, China.

Received: 7 October 2023 Accepted: 1 November 2024
Published online: 12 November 2024

References

1. Jones H, Lawton A, Gupta A. Asthma Attacks in Children-Challenges and
Opportunities. Indian J Pediatr. 2022;89:373-7. https://doi.org/10.1007/
$12098-021-04069-w.

2. Global Initiative for Asthma. Global Strategy for Asthma Management
and Prevention. 2023. https://www.ginasthma.org. Accessed 5 Oct 2023.

3. Tashkin DP, Chipps BE, Trudo F, Zangrilli JG. Fixed airflow obstruction in
asthma: a descriptive study of patient profiles and effect on treatment
responses. J Asthma. 2014;51:603-9. https://doi.org/10.3109/02770903.
2014.895012.

4. Sousa AW, Barros Cabral AL, Arruda Martins M, Carvalho CRF. Risk factors
for fixed airflow obstruction in children and adolescents with asthma:
4-Year follow-up. Pediatr Pulmonol. 2020;55:519-98. https://doi.org/10.
1002/ppul 24625.

5. Contoli M, Baraldo S, Marku B, Casolari P, Marwick JA, Turato G, et al. Fixed
airflow obstruction due to asthma or chronic obstructive pulmonary
disease: 5-year follow-up. J Allergy Clin Immunol. 2010;125:830-7. https://
doi.org/10.1016/j,jaci.2010.01.003.

6. McGeachie MJ, Yates KP, Zhou X, Guo F, Sternberg AL, Van Natta ML, et al.
Patterns of Growth and Decline in Lung Function in Persistent Childhood
Asthma. N Engl J Med. 2016;374:1842-52. https://doi.org/10.1056/NEJMo
al513737.

7. Sousa AW, Cabral ALB, Silva RA, Fonseca AJ, Grindler J, Martins MA, et al.
Physical fitness and quality of life in adolescents with asthma and fixed
airflow obstruction. Pediatr Pulmonol. 2021;56:65-73. https://doi.org/10.
1002/ppul 25160.

8. Huang S, Vasquez MM, Halonen M, Martinez FD, Guerra S. Asthma, airflow

limitation and mortality risk in the general population. Eur Respir J.

2015;45:338-46. https://doi.org/10.1183/09031936.00108514.

Lange P, Colak Y, Ingebrigtsen TS, Vestbo J, Marott JL. Long-term prog-

nosis of asthma, chronic obstructive pulmonary disease, and asthma-

chronic obstructive pulmonary disease overlap in the Copenhagen City

Heart study: a prospective population-based analysis. Lancet Respir Med.

2016;4:454-62. https://doi.org/10.1016/52213-2600(16)00098-9.

10. Mogensen |, Jacinto T, Alving K, Fonseca JA, Janson C, Malinovschi A.
Inflammatory patterns in fixed airflow obstruction are dependent on the
presence of asthma. PLoS ONE. 2020;15:e0243109. https://doi.org/10.
1371/journal.pone.0243109.

11. LeeT, Lee VS, Bae YJ, Kim TB, Kim SO, Cho SH, et al. Smoking, longer
disease duration and absence of rhinosinusitis are related to fixed airway
obstruction in Koreans with severe asthma: findings from the COREA
study. Respir Res. 2011;12:1. https://doi.org/10.1186/1465-9921-12-1.

0


https://doi.org/10.1186/s12887-024-05201-3
https://doi.org/10.1186/s12887-024-05201-3
https://doi.org/10.1007/s12098-021-04069-w
https://doi.org/10.1007/s12098-021-04069-w
https://www.ginasthma.org
https://doi.org/10.3109/02770903.2014.895012
https://doi.org/10.3109/02770903.2014.895012
https://doi.org/10.1002/ppul.24625
https://doi.org/10.1002/ppul.24625
https://doi.org/10.1016/j.jaci.2010.01.003
https://doi.org/10.1016/j.jaci.2010.01.003
https://doi.org/10.1056/NEJMoa1513737
https://doi.org/10.1056/NEJMoa1513737
https://doi.org/10.1002/ppul.25160
https://doi.org/10.1002/ppul.25160
https://doi.org/10.1183/09031936.00108514
https://doi.org/10.1016/S2213-2600(16)00098-9
https://doi.org/10.1371/journal.pone.0243109
https://doi.org/10.1371/journal.pone.0243109
https://doi.org/10.1186/1465-9921-12-1

Xiong et al. BMC Pediatrics (2024) 24:724

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Bennett GH, Carpenter L, Hao W, Song P, Steinberg J, Baptist AP. Risk
factors and clinical outcomes associated with fixed airflow obstruction in
older adults with asthma. Ann Allergy Asthma Immunol. 2018;120:164-
168.e1. https://doi.org/10.1016/j.anai.2017.10.004.

Wang L, Gao S, Zhu W, Su J. Risk factors for persistent airflow limitation:
Analysis of 306 patients with asthma. Pak J Med Sci. 2014;30:1393-7.
Smith BM, Zhao N, Olivenstein R, Lemiere C, Hamid Q, Martin JG. Asthma
and fixed airflow obstruction: Long-term trajectories suggest distinct
endotypes. Clin Exp Allergy. 2021;51:39-48. https://doi.org/10.1111/cea.
13714,

Reddel HK, Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW,

et al. An official American Thoracic Society/European Respiratory Society
statement: asthma control and exacerbations: standardizing endpoints
for clinical asthma trials and clinical practice. Am J Respir Crit Care Med.
2009;180:59-99. https://doi.org/10.1164/rccm.200801-060ST.
Konstantellou E, Papaioannou Al, Loukides S, Patentalakis G, Papa-
porfyriou A, Hillas G, et al. Persistent airflow obstruction in patients with
asthma: Characteristics of a distinct clinical phenotype. Respir Med.
2015;109:1404-9. https://doi.org/10.1016/j.rmed.2015.09.009.

Backman H, Jansson SA, Stridsman C, Muellerova H, Wurst K, Hedman

L, et al. Chronic airway obstruction in a population-based adult asthma
cohort: Prevalence, incidence and prognostic factors. Respir Med.
2018;138:115-22. https://doi.org/10.1016/j.rmed.2018.03.036.

Cerveri |, Corsico AG, Accordini S, Niniano R, Ansaldo E, Anté JM, et al.
Underestimation of airflow obstruction among young adults using FEV1/
FVC<70% as a fixed cut-off: a longitudinal evaluation of clinical and
functional outcomes. Thorax. 2008;63:1040-5. https://doi.org/10.1136/
thx.2008.095554.

Cerveri |, Corsico AG, Accordini S, Cervio G, Ansaldo E, Grosso A, et al.
What defines airflow obstruction in asthma? Eur Respir J. 2009;34:568-73.
https://doi.org/10.1183/09031936.00172908.

Papi A, Singh D, Virchow JC, Canonica GW, Vele A, Georges G. Normalisa-
tion of airflow limitation in asthma: Post-hoc analyses of TRIMARAN and
TRIGGER. Clin Trans| Allergy. 2022;12:¢12145. https://doi.org/10.1002/clt2.
12145.

Wang G, Kull I, Bergstrom A, Hallberg J, Bergstrom PU, Guerra S, et al.
Early-life risk factors for reversible and irreversible airflow limita-

tion in young adults: findings from the BAMSE birth cohort. Thorax.
2021;76:503-7. https://doi.org/10.1136/thoraxjnl-2020-215884.

Austin PC, White IR, Lee DS, van Buuren S. Missing Data in Clinical
Research: A Tutorial on Multiple Imputation. Can J Cardiol. 2021;37:1322—
31. https://doi.org/10.1016/j.cjca.2020.11.010.

Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should
multiple imputation be used for handling missing data in randomised
clinical trials - a practical guide with flowcharts. BMC Med Res Methodol.
2017;17:162. https://doi.org/10.1186/512874-017-0442-1.

lkotun AM, Ezugwu AE, Abualigah L, Abuhaija B, Heming J. K-means
clustering algorithms: A comprehensive review, variants analysis, and
advances in the era of big data. Inf Sci. 2023;622:178-210. https://doi.org/
10.1016/}.ins.2022.11.139.

Kole TM, Vanden Berghe E, Kraft M, Vonk JM, Nawijn MC, Siddiqui S, et al.
Predictors and associations of the persistent airflow limitation phenotype
in asthma: a post-hoc analysis of the ATLANTIS study. Lancet Respir Med.
2023;11:55-64. https://doi.org/10.1016/52213-2600(22)00185-0.
Matsunaga K, Hirano T, Oka A, Tanaka A, Kanai K, Kikuchi T, et al. Progres-
sion of Irreversible Airflow Limitation in Asthma: Correlation with Severe
Exacerbations. J Allergy Clin Immunol Pract. 2015;3:759-764.e1. https.//
doi.org/10.1016/jjaip.2015.05.005.

Sanchez-Garcfa S, Habernau Mena A, Quirce S. Biomarkers in inflammom-
etry pediatric asthma: utility in daily clinical practice. Eur Clin Respir J.
2017:4:1356160. https://doi.org/10.1080/20018525.2017.1356160.
Marckmann M, Hermansen MN, Hansen KS, Chawes BL. Assessment of
adherence to asthma controllers in children and adolescents. Pediatr
Allergy Immunol. 2020;31:930-7. https://doi.org/10.1111/pai.13312.
Feldman JM, Arcoleo K, Greenfield N, Styke S, Becker J, Jariwala S, et al.
Under-perception of airflow limitation, self-efficacy, and beliefs in older
adults with asthma. J Psychosom Res. 2023;170:111353. https://doi.org/
10.1016/}jpsychores.2023.111353.

Page 9 of 9

30. StillL, Dolen WK. The Perception of Asthma Severity in Children.

Curr Allergy Asthma Rep. 2016;17:50. https://doi.org/10.1007/
$11882-016-0629-2.

31. Liu G Tham CW, De Roza J, Chong BY, Koh YL, Tan NC. The Association
Between Beliefs and Adherence to Inhaled Controller Medication Among
Older Adults with Asthma: A Cross-Sectional Study in Primary Care.
Patient Prefer Adherence. 2020;14:1351-9. https://doi.org/10.2147/PPA.
S266871.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.anai.2017.10.004
https://doi.org/10.1111/cea.13714
https://doi.org/10.1111/cea.13714
https://doi.org/10.1164/rccm.200801-060ST
https://doi.org/10.1016/j.rmed.2015.09.009
https://doi.org/10.1016/j.rmed.2018.03.036
https://doi.org/10.1136/thx.2008.095554
https://doi.org/10.1136/thx.2008.095554
https://doi.org/10.1183/09031936.00172908
https://doi.org/10.1002/clt2.12145
https://doi.org/10.1002/clt2.12145
https://doi.org/10.1136/thoraxjnl-2020-215884
https://doi.org/10.1016/j.cjca.2020.11.010
https://doi.org/10.1186/s12874-017-0442-1
https://doi.org/10.1016/j.ins.2022.11.139
https://doi.org/10.1016/j.ins.2022.11.139
https://doi.org/10.1016/S2213-2600(22)00185-0
https://doi.org/10.1016/j.jaip.2015.05.005
https://doi.org/10.1016/j.jaip.2015.05.005
https://doi.org/10.1080/20018525.2017.1356160
https://doi.org/10.1111/pai.13312
https://doi.org/10.1016/j.jpsychores.2023.111353
https://doi.org/10.1016/j.jpsychores.2023.111353
https://doi.org/10.1007/s11882-016-0629-2
https://doi.org/10.1007/s11882-016-0629-2
https://doi.org/10.2147/PPA.S266871
https://doi.org/10.2147/PPA.S266871

	Distinct phenotype and risk factor analysis of persistent airflow limitation among asthmatic children: a case-control study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design
	Participants
	Data collection
	Outcome definition
	Data processing
	Clustering analysis
	Sample size and statistical analysis

	Results
	Characteristics of PAL and NPAL patients
	Distinct phenotypes of PAL
	Characteristics of distinct PAL phenotypes
	Risk factors of PAL

	Discussion
	Conclusion
	Acknowledgements
	References


