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Asthma Phenotypes in the First Three Years
of Life and Correlation with Active Asthma at
Six Years of Age: A National Population-Based

Study in Taiwan

Yu-Tsun Su">*’, Ying-Chun Li’, Li-Min Chen”, Ching-Chung Tsai”’, Yuan-Yi Huang',
Chen-Kuang Niu®, Hong-Ren Yu’, Chao-Yu Chuang6, Yao-Chun Hsu’*"° Jiu-Yao
Wang"', Ming-Chun Yang™”°, Yu-Cheng Tsai'

Background: Wheezing phenotypes in young children and their associations with subsequent
wheezing in later life have been reported, however, longitudinal data based on physician-
diagnosed asthma in early life are scant.

Objective: To identify asthma phenotypes in the first 3 years of life, and to investigate their
associations with active asthma at 6 years of age.

Methods: Children with physician-diagnosed asthma in the first 36 months of life were enrolled
in this national population-based cohort study. We identified asthma phenotypes using latent class
analysis, and analyzed risk factors for subsequent asthma at 6 years of age.

Results: From 2000 to 2011, we identified 5013 children with physician-diagnosed asthma in their
first 36 months of life. Three asthma phenotypes were identified: transient early (34.9%), late-
onset (45.4%), and persistent (19.8%). Among these phenotypes, gender, age at first asthma visit,
number of asthma visits in the 1st, 2nd, and 3rd years, total number of asthma visits, coincidental
allergic rhinitis, and atopic dermatitis were all significantly different. The prevalence of active
asthma at 6 years of age was 13.6% in the transient early, 24.3% in the late-onset (OR = 2.04, 95%
CI, 1.72 — 2.41), and 26.6% in the persistent (OR = 2.30, 95% CI, 1.89 — 2.80) group.

Conclusions: Three asthma phenotypes in the first 3 years of life contributed to the natural
course of pediatric asthma. The children with late-onset and persistent asthma phenotypes, which
were characteristic of frequent asthma visits at 3 years of age, had an increased risk of subsequent
asthma at 6 years of age.
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Introduction
sthma is the most common chronic
disease in children and a major socio-

economic burden worldwide. The International
Study of Asthma and Allergies in Childhood
(ISAAC) in 1995 and 2005 reported an average
global prevalence rate of asthma of 11 — 12%
in preschool children, and continued increases
in the prevalence in Africa, Latin America
and parts of Asia.! This chronic disease causes
intermittent inflammation and remodeling of
the respiratory system.” It is a heterogeneous
disease, and influenced by the interaction of
genomic and environmental factors. Therefore,
asthma presents as multiple phenotypes which
contribute to the clinical prognosis.?

Early-life is a crucial period for the devel-
opment of asthma, so it is important to clarify
the different phenotypes of asthma during this
early period. Clinical features (symptoms, trig-
gers, response to treatment) and pathologic/
physiologic findings have been used to cate-
gorize asthma phenotypes. Pediatric asthma
phenotypes have long been studied because
they are associated with different prognoses
and can aid in the development of personalized
target therapy. The Tucson Children’s Respira-
tory Study (1995) first categorized wheezing
phenotypes before 6 years of age as transient
wheezing, late-onset wheezing, and persistent
wheezing, depending on wheezing in the first
3 years of life and the absence or presence of
symptoms at 6 years of age.* In addition, these
wheezing phenotypes have been reported to be
associated with allergy, lung function and clin-
ical presentation.** Several studies published in
2018 and 2012 used probabilistic classification
methods such as latent class analysis (LCA)
to distinguish asthma and wheezing pheno-
types.®’” These studies used subjective data
derived from questionnaires completed from
the parents’ memory. However, data on asthma
phenotypes in early childhood based on physi-

cian-diagnosed asthma and their relationships
with subsequent asthma in school-age children
are scant.

Due to the heterogeneous mechanism of
asthma, we hypothesized that there may be
several asthma phenotypes in toddlers, and
that these phenotypes may be correlated to
prognosis. We conducted this study to clarify
the phenotypes of physician-diagnosed asthma
in the first 3 years of life using LCA, and to
predict subsequent asthma at 6 years of age in
a nationwide population-based cohort study.

Methods

Source of data

The National Health Insurance Research
Database (NHIRD) served as the data source
for this study. The Taiwan Department of
Health initiated the National Health Insurance
(NHI) program in 1995 to provide health care
for all residents in Taiwan. The National Health
Research Institute (NHRI) of Taiwan manages
the medical benefit claims of all 22.9 million
residents of Taiwan. The NHRI has established
several claims data files for research purposes,
and in this study we used claims data from the
NHIRD from 1997 to 2012. The completeness
and accuracy of the NHIRD are guaranteed by
the Department of Health and the NHI Bureau
of Taiwan. The NHRI releases the insured
medical records as de-identified secondary data
for research purposes, and thus this study was
exempted from an ethics review. In this retro-
spective population-based cohort study, we
used data from the Longitudinal Health Insur-
ance Database 2005 (LHID 2005), which is a
subset of the NHIRD containing the complete
original claims data of one million insured
individuals who were randomly sampled from
the NHIRD registry in 2005. All sampled indi-
viduals were followed until the end of 2012,
and their outcomes were identified using Inter-
national Classification of Diseases, 9th Revi-
sion, Clinical Modification (ICD-9-CM) codes.
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Study patients

Cases of physician-diagnosed asthma
were defined as meeting two criteria: (1) diag-
nosis of asthma clinical in at least three outpa-
tient visits, and/or at least one hospitalization
(1 month was required as a minimum duration
between distinct clinical visits); and (2) at least
one prescription of an anti-asthma drug (corti-
costeroid, montelukast, anti-IgE) during these
clinical visits.®® These clinical visits were iden-
tified in the NHIRD by the diagnosis of asthma
(ICD code 493.XX). Each of these asthma
clinical visits was defined as an “asthma visit”.
We used these strict inclusion criteria to ensure
that the enrolled children had asthma. The
exclusion criteria were cases with ICD codes
748.5 (agenesis, hypoplasia, and dysplasia of
lung) or 770.7 (chronic respiratory disease aris-
ing in the perinatal period).

Study variants

Active asthma at 6 years of age was
defined as a diagnosis of asthma (ICD code
493.XX) in outpatient visits or hospitalizations
as well as the prescription of an anti-asthma
drug at the same clinical visit. Several covari-
ates were also evaluated, including gender,
age at the first asthma visit, the number of
asthma visits in the 1st, 2nd, and 3rd years of
life, the total number of asthma visits (birth to
36 months), and the incidence rates of coinci-
dental allergic rhinitis and atopic dermatitis
in the first 3 years of life. Cases were defined
as having allergic rhinitis and atopic dermati-
tis before 3 years of age if they had a diagno-
sis of allergic rhinitis or allergic conjunctivitis
in at least three outpatient visits, and/or at least
one hospitalization (Fig. 1). These criteria were
also used to identify cases with allergic rhini-

Children were born between 2000 to 2005 from NHIRD2005
(n=62583)

Inclusion criteria: (n=5043)
1. younger than 3 years of age.
2. the diagnosis of asthma (ICD code

Exclusion criteria: (n=25)
ICD codes 748.5 (agenesis, hypoplasia,

a

493.XX) at least three outpatient visits
and/or at least one hospitalization (one
month was required as a minimum elapsed
time between distinct episodes.) and at
least one coincidental use of anti-asthma
drugs (corticosteroid, montelukast, anti-

v

and dysplasia of lung) or 770.7 (chronic
respiratory disease arising in the perinatal
period).

IgE) during these clinic visit.
Children met the asthma criteria between 0-3 years
(n=5018)
! , }
Transient early Late-onset Persistent
phenotype phenotype phenotype
(n=1749, 34.9%) (n=2276, 45.4%) (n=993, 19.8%)
No asthma Asthma at No asthma Asthma at No asthma Asthma at
at 6 years 6 years of at 6 years 6 years of at 6 years 6 years of
of age age of age age of age age
(n=1511) (n=238 (n=1723) (n=553 (n=729) (0=264
,13.6%) ,24.3%) ,26.6%)

Fig . 1 Flow chart of case enrollment and outcome measurement
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tis (ICD code 493.9) and atopic dermatitis (ICD
code 691.8) at 6 years of age as diagnosed by a
physician.

Data analysis

A latent class is a variable indicating
underlying subgroups of individuals based on
observed characteristics. In this study, we used
LCA Distal SAS Macro to identify asthma
phenotypes.'”!* These phenotypes were cate-
gorized according to the probability of any
asthma visit occurring in a 3 months period.
We investigated the number of latent classes
between one and seven using the Akaike Infor-
mation Criterion (AIC) and Bayesian Informa-

Table 1. Latent class analysis, best model selection

tion Criterion (BIC) together in the selection
model. The values of AIC and BIC declined
as the number of classes increased, as shown
in Table 1. This meant that the more latent
classes the better the model. However, it was
not possible to increase the number of classes
without restriction, since there would be diffi-
culties in applying a large number of classes in
clinical practice. In addition, the AIC and BIC
values were still quite large when divided into
one class and two classes. When the number of
classes was divided into three groups, the AIC
and BIC values obviously declined. When the
number of classes continued to increase, the
AIC and BIC values continued to decrease,

Number of clusters AlIC BIC Adjusted-BIC Degrees of freedom
1 8481.92 8560.17 8522.04 4083
2 6396.98 6560.00 6480.56 4070
3 3779.95 4027.74 3906.99 4057
4 3429.40 3761.96 3599.90 4044
5 3270.86 3688.19 3484.82 4031
6 3177.93 3680.03 3435.35 4018
7 3079.83 3666.70 3380.71 4005
0.70 - 0.6575
=2 p
g 0.60 -
®
E 050 - 0.4666
f_: 0.40 0.4382
=
£ 030
=
2
E 020
£
° 0.10
= 2 0.0024
0.00 T T T T T T - T : 1
0~-3 3~6 69 9~12 12~15 15~18 18~21 21~24 24-27 27~-30 30~33 33-~36

—+—Transient early asthma

Months of Age

—-Late onset asthma

Persistent asthma

Fig . 2 The pattern of probability of asthma visit in each three-month period from birth to 36 months by latent class

analysis
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although the rate of decline was not as
pronounced. Therefore, taking both the theo-
retical and practical aspects into consideration,
we chose three latent classes for analysis in this
study (Fig. 2). Other analyses were performed
using Pearson’s chi-square test and Fisher
Yates continuity correction. We used multi-
variate logistic regression analysis to analyze
the risk factors for outcomes at 6 years of age.
Odds ratios (ORs) were listed with correspond-
ing 95% confidence intervals (95% ClIs). All
p-values less than 0.05 were considered to be
statistically significant. All data management
and calculations were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Asthma cases

Cases of physician-diagnosed asthma
in the first 36 months of life and those with
asthma morbidity at 6 years of age were iden-
tified retrospectively from the LHID 2005. Of
62583 children born between 2000 and 2005,
5018 were diagnosed with asthma between 0 —
3 years of age (Fig. 1). The prevalence rate was
8.0%, and the male to female ratio was 1.65 : 1.

Phenotypes

Asthma in the first 36 months of life could
be classified into three discrete phenotypes by
LCA according to temporal patterns: transient
early asthma (TEA), late-onset asthma (LOA),
and persistent asthma (PA). These phenotypes
were categorized according to the probabil-
ity of any asthma visit occurring in a 3-month
period (Table 2, Fig. 2).

TEA was characterized by a rapid rise in
asthma visits from birth to a peak at 10 — 12
months of age, when 33.8% of the children
with this phenotype had had an asthma visit.
The occurrence of asthma visits in the chil-
dren with the TEA phenotype then decreased
rapidly to 27 — 30 months of age. The occur-
rence of asthma visits in the children with the

Table 2. The probabilities of asthma visits in each three-
month period in the three phenotypes by latent
class analysis

Asthma Phenotypes

Months  Transient early Late-onset  Persistent
0~3 0.0565 0.0001 0.0626
3~6 0.1933 0.0019 0.1711
6~9 0.3192 0.0013 0.3003
9~12 0.3381 0.0025 0.3892
12~15 0.3135 0.0157 0.4985
15~18 0.2685 0.0550 0.5541
18~21 0.1930 0.1430 0.6387
21~24 0.1217 0.2423 0.6575
24~27 0.0648 0.3467 0.6443
27~30 0.0242 0.3951 0.5675
30~33 0.0102 0.4542 0.5076
33~36 0.0024 0.4666 0.4382

LOA phenotype remained low until 15 — 18
months of age, and then steadily increase to
36 months of age, when 46.7% of the children
had had an asthma visit. The PA phenotype
was characterized by a rapid rise in asthma
visits from birth, and then a steady increase to
a peak at 21 — 24 months of age, when 65.8%
of the children had had an asthma visit. The
incidence then remained high until 36 months
of age.
Several covariates were significantly
different among these phenotypes, including
gender, age at the first asthma visit, the number
of asthma visits in the 1st, 2nd, and 3rd years
of life, and the total number of asthma visits
(birth to 36 months) (p < 0.0001). The inci-
dence rates of coincidental allergic rhinitis and
atopic dermatitis in the first 3 years of life were
also significantly higher in the LOA and PA

phenotypes (p < 0.0342) (Table 3).

Subsequent asthma at 6 years of age

The prevalence rates of subsequent
asthma at 6 years of age were 13.6% in the
TEA, 24.3% in the LOA (OR = 2.04 vs. TEA,
95% ClI, 1.72 — 2.41), and 26.6% in the PA (OR
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Table 3. Characteristics of the three asthma phenotypes

Asthma phenotypes
p value
Transient early Late-onset Persistent
Percentage (%) 34.9 454 19.8
Male sex (%) 64.4 68.8 66.7 <0.0001**"
Atopic dermatitis before 77 76 102 <0.0342%"
3 years (%)
Allergic rhinitis before 24 34.4 417 < 0.0001***
3 years (%)
Age at the first -
asthma visit (months) 10.50 25.50 10.50 <0.0001
>4 asthma visit, birth to ot
36 months (%) 8.9 11.6 92.5 <0.0001
Asthma visit, st year 0.91+0.80 0.00 = 0.04 0.95 = 0.95 <0.0001*
(n+ SD)

Asthma visit, 2nd year 0.90 + 0.86 0.44 +0.63 244+ 0.84 <0.0001%*
(n+SD).

Asthma visit, 3rd year 0.07 +0.25 1.67+0.93 223+1.03 <0.0001%
(n = SD)

Asthma visit, birth to _—
36 months (n + SD) 1.88+1.09 2.11+1.05 5.63+1.59 <0.0001

Hospitalization times 0.67 +1.01 0.41+0.78 0.85 + 1.49 <0.0001%*

(n +SD)

" p value by Pearson’s chi-square test of variance across the three phenotypes
" p value for ANOVA test of variance across the three phenotypes

* p<0.05, ** p<0.0001

= 2.30 vs. TEA, 95% CI, 1.89 — 2.80) pheno-
types. Asthma, allergic rhinitis and atopic
dermatitis are major allergic syndromes in
childhood, so we also investigated the preva-
lence rates of these two diseases at 6 years of
age.*" The results showed that children with
either the LOA or PA phenotype had higher
prevalence rates of allergic rhinitis and atopic
dermatitis at 6 years of age than those with
the TEA phenotype (OR = 191, 95% CI, 1.60

—2.29, OR = 1.99, 95% CI, 1.61 — 2.45, for
allergic rhinitis, and OR = 2.60, 95% CI, 1.45
— 4.64, OR = 274, 95% CI, 1.42 — 5.28, for
atopic dermatitis, respectively) (Table 4). When
we analyzed the cases with asthma at 6 years
of age, the risk factors were male sex, allergic
rhinitis morbidity (0 — 3 years), atopic derma-
titis morbidity (0 — 3 years), and the LOA and
PA phenotypes (Table 5).

Table 4. The outcomes at 6 years of age between the three asthma phenotypes

Asthma phenotypes

p value
Transient early Late-onset Persistent
Active asthma at o
6 years (%) 13.6 24.3 26.6 <0.0001
Atopic dermatitis at "
6 years (%) 0.9 22 23 0.0019
Allergic rhinitis at 1.8 203 209 <0.0001%*

6 years (%)

p value for Pearson’s chi-square test of variance across the three phenotypes

* p <0.05, ** p <0.0001
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cOR (95% CI)

aOR (95% CI)

No asthma at ~ Asthma at
6y/o 6y/o

Gender

female 1527 365

male 2436 690
Asthma phenotypes

Transient early 1511 238

Late-onset 1723 553

Persistent 729 264
Birth season

Spring 970 258

Summer 1001 234

Fall 1037 285

Winter 955 278
Allergic rhinitis (0 — 3 years)

No 2827 602

Yes 1136 453
Atopic dermatitis (0 — 3 years)

No 3685 924

Yes 278 131

1
1.19 (1.03 — 1.37)*

1
2.04 (1.72 — 2.41)*
2.30 (1.89 — 2.80)*

1
0.88 (0.72 — 1.07)
1.03 (0.86 — 1.25)
1.09 (0.90 — 1.33)

1
1.87 (1.63 — 2.15)*

1
1.88 (1.51 —2.34)*

1
1.19 (1.03 — 1.38) *

1
1.95 (1.64 —2.31) *
2.06 (1.69 —2.52) *

1
1.65 (1.43 — 1.91)*

1
1.67 (1.33-2.10)*

Multivariate logistic regression was used to analyze variance
aOR: adjusted for the influence of gender, group, allergic rhinitis (0 — 3 years), and atopic dermatitis (0 — 3 years)

* significant difference

Discussion

In this study, we identified three asthma
phenotypes in children during their first 36
months of life in a longitudinal population-
based cohort: transient early asthma, late-onset
asthma, and persistent asthma. These pheno-
types were correlated with the prevalence of
subsequent asthma. Around 25% of the cases
with the LOA and PA phenotypes had subse-
quent asthma at 6 years of age, which was
around twice that of the TEA phenotype.

Of 62583 children aged less than 3 years,
5018 had asthma, with a prevalence rate of
8.0% and a male to female ratio of 1.65 : 1. The
ISSAC studies in 1995 and 2005 reported mean
prevalence rates of asthma symptoms at 6 — 7
years of age of around 11 — 12%. Few studies
have reported the prevalence of asthma in chil-
dren aged less than 3 years of age, since only

40% of wheezing children in the first 3 years
of life develop asthma in later life.* Therefore,
although asthma symptoms usually develop
early in life, “wheezing” is usually used to
describe respiratory problems in younger chil-
dren instead of ‘“asthma” However, asthma
symptoms usually start in early childhood, and
the first 3 years of life are a key stage in the
development of lung function and the prog-
nosis of wheezing.”"”” Therefore, studying
asthmatic children less than 3 years of age is
important, and an increasing number of stud-
ies have revealed good responses to the use
of anti-asthmatic medicine in asthmatic or
wheezing children less than 3 years of age.®!*
22 In order to study this critical period of life,
we conducted this study focusing on physi-
cian-diagnosed asthma in children less than
3 years of age. Alfredo et al. (SLAM study
group) surveyed the clinical pattern of younger
wheezing children in the first 36 months of life,
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and reported that 45.6% experienced at least
one episode of wheezing, with 15.8% having
frequent wheezing episodes.’ In comparison,
the prevalence rate of asthma was 8.0% in the
current study, which may be because we set
stricter inclusion criteria when enrolling the
asthma cases.

We identified three asthma phenotypes
based on the frequency of asthma visits and
temporal trajectory: TEA, LOA, and PA.
Among these phenotypes, gender, age at the
first asthma visit, the number of asthma visits
in the Ist, 2nd, and 3rd years of life, the total
number of asthma visits (birth to 36 months),
coincidental allergic rhinitis and atopic derma-
titis were all significantly different (p < 0.05).
Children with the TEA and PA phenotypes
had frequent asthma visits before 1 year of age,
which is a period when children commonly
suffer from bronchiolitis. The children with
the TEA phenotype then had a decreasing inci-
dence of asthma visits with few asthma visits
after 1.5 years of age, whereas those with the
PA phenotype still had frequent asthma visits
over the whole 36 months period. This suggests
that it is difficult to predict the prognosis in
children with asthma visits during infancy.
The Tucson study described three “wheezing”
phenotypes before 6 years of age in 1995: tran-
sient early, late-onset, and persistent wheezing
phenotypes. In addition, Martinez et al. studied
correlations between allergens and pulmonary
function, and found that the children with the
transient early wheezing phenotype had dimin-
ished airway function, especially before the
age of 1 year.* Similar to this finding, dimin-
ished airway function in early life may have
contributed to wheezing episodes during bron-
chiolitis, and these wheezing episodes then
improved following maturation of the bronchial
airway in the children with the TEA pheno-
type in the present study. In addition, clini-
cal asthma phenotypes have been proposed
to be influenced by genetic factors, atopy,
viral infection, or the effect of pharmacologi-

cal treatment.*'®2%22 With regards to allergic
profiles, the children with the LOA and PA
phenotypes had higher rates of allergic rhinitis
and atopic dermatitis than those with the TEA
phenotype. Since the incidence of asthma visits
persisted or increased after 18 months of age,
the PA and LOA phenotypes may be related to
the progressive development of allergic sensiti-
zation.?>** Further research is needed to inves-
tigate the corresponding heterogeneous etiol-
ogy of the three asthma phenotypes in the first
3 years of life. The “asthma” phenotypes (tran-
sient early, late-onset, persistent) in our study
are the same as the “wheezing” phenotypes in
the Tucson study in 1995, and similar to the
phenotypes in the SLAM study in 2014 and
the phenotypes in Depner’s study in 2014.42":%
Martinez et al. categorized wheezing pheno-
types according to the temporal patterns of
wheezing episodes in the first 6 years of life.*
They treated “wheezing episodes at 6 years
of age” as a variable by which to group the
phenotypes, whereas we treated “active asthma
at 6 years of age” as an outcome of the asthma
phenotypes in the current study. With the aim
of identifying asthma phenotypes earlier, we
focused on the first 3 years of life to predict
subsequent asthma at 6 years of age.

Alfredo et al. (SLAM study group)
published an important study on clinical
wheezing phenotypes in the first 36 months
of life. They categorized all children into four
phenotypes according to wheezing recorded
by physicians at 29 primary health care centers
in Spain: never/infrequent wheezing (NIW,
65.4%), transient wheezing (TW, 18.3%), late
wheezing (LW, 9.7%), and persistent wheez-
ing (PW, 6.6%). However, in the current study,
we focused on cases with frequent asthma
visits, since asthma is characterized by recur-
rent airway inflammation. There are some
similarities between the “asthma” phenotypes
in our study and the “wheezing” phenotypes
in the SLAM study.® The TW, LW, and PW
phenotypes in the SLAM study were similar
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to the TEA, LOA, and PA phenotypes in our
study. NIW did not have a counterpart in our
study, since we focused on relatively frequent
asthma visits. If we extracted the three wheez-
ing phenotypes (total 100%) with frequent
wheezing episodes in the SLAM study, the
rates of TW, LW and PW were 52.9%, 28.0%
and 19.1%, respectively. In our asthma cases,
the rates of TEA, LOA and PA were 34.9%,
45.4% and 19.8%, respectively. In addition, the
rate of TEA (34.9%) in our study was lower
than that of TW (52.9%) in the SLAM study,
and the children with the TW phenotype had
the fewest wheezing episodes from birth to 36
months in the SLAM study. Some TW cases
may not have been included in our study due to
different inclusion criteria.

With regards to the prognosis of asth-
matic children, 1055 (21.0%) of the 5018 chil-
dren with asthma in the first 3 years of life
subsequently had asthma at 6 years of age.
This means that 79.0% of the children who
had asthma when they were less than 3 years
of age were free of asthma at 6 years of age.
However, the prevalence of active asthma at 6
years of age was different in the three pheno-
types, at 13.6%, 24.3%, and 26.6% in the TEA,
LOA, and PA groups, respectively. Those with
TEA had fewer asthma visits after 1.5 years of
age, and only 0.2% had asthma visits at 34 —
36 months of age, with 13.6% having asthma
at 6 years of age. Those with LOA and PA
had a high prevalence of asthma visits at 34 —
36 months of age, and 24.3% and 26.6% had
asthma at 6 years of age, respectively, which
is around twice that of the TEA phenotype. In
addition, there were higher rates of the comor-
bidities of allergic rhinitis and atopic dermatitis
in those with the LOA and PA phenotypes in
the first 3 years of life. This finding is similar
to that of the asthma predictive index, in which
the major criteria include atopic dermatitis,
and the minor criteria include allergic rhini-
tis. When we studied the cases with asthma at
6 years of age, we found that the risk factors

were male sex, allergic rhinitis morbidity,
atopic dermatitis morbidity, and the LOA and
PA phenotypes (Table 5). Compared to TEA,
the OR for LOA was 2.04 (95% CI, 1.72 — 2.41)
compared to 2.30 (95% CI, 1.89 — 2.80) for PA.
The children with the LOA and PA phenotypes
had high prevalence rates (24.3%, and 26.6%)
of active asthma at 6 years of age, around twice
that (13.6%) of those with the TEA pheno-
type. The first 3 years of life are a key stage
for the development of lung function and the
prognosis of wheezing,"” and our results imply
that asthma has a heterogeneous mechanism,
diverse phenotypes, and different prognoses.
Further studies are needed to elucidate the
underlying mechanism, which may allow for
target therapy to improve the prognosis and
prevent on-going airway injury in children
with diverse asthma phenotypes such as LOA
and PA.

Several aspects of the current study need
to be clarified with regards to pediatric asthma
phenotypes and published studies on wheez-
ing phenotypes. First, we used LCA to identify
the TEA, LOA, and PA phenotypes. LCA is a
novel statistical method based on probabilistic
classification, and it is increasingly being used
to categorize clinical phenotypes in medical
data.?** Using LCA analysis, wheezing pheno-
types were also identified in four large birth
cohort studies: ALSPAC (in the UK), PIAMA
(in the Netherlands), PASTURE (in Europe),
and SLAC (in Spain).?*?" Second, our asthma
cases under 3 years of age were diagnosed
by physicians, and they were enrolled after
the application of strict inclusion criteria. In
comparison to the physician-diagnosed asthma
in the current study, the ASLAC, PIAMA, and
PASTURE studies collected data on wheez-
ing episodes through questionnaires filled out
according to the parents’ subjective memory,
which may have incurred recall bias.?>?¢ Third,
the SLAM study in 2014 recruited children
with physician-recorded “wheezing” accord-
ing to the medical charts in 29 primary care
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centers to categorize “wheezing” phenotypes.
In comparison, we studied a large nationwide
population-based cohort longitudinally to iden-
tify asthma phenotypes based on physician-
diagnosed asthma.

There are some limitations to the pres-
ent study. First, the NHIRD is derived from
claims data of all physicians in the NHI
program. In order to ensure the accuracy of
the diagnosis of asthma, we set strict inclu-
sion criteria including a diagnosis of asthma
in at least three outpatient visits and/or at
least one hospitalization, accompanied with at
least one prescription of an anti-asthma drug
(corticosteroid, montelukast, anti-IgE) during
these clinical visits. This may have excluded
cases with relatively mild asthma or asthma-
like cases. Second, the cases with asthma may
have received different bronchodilators and
anti-inflammatory medicine, and a prospec-
tive control study is needed to investigate the
effects of phenotypes on pharmacology. Third,
the NHIRD does not include data on allergy
tests, lung function, or environmental factors.*®
Therefore, we could not analyze correlations
between phenotypes and atopy, pulmonary
function, and other environmental factors.

In conclusion, this nationwide study of
5018 asthmatic children under 3 years of age
which
were identified by analyzing asthma visits and
temporal patterns. With regards to the progno-

revealed three asthma phenotypes,

sis of the asthmatic children in the first 3 years
of life, 1055 (21.0%) subsequently had asthma
at 6 years of age. This means that 79.0% of the
children with asthma when they were less than
3 years of age were free of asthma at 6 years of
age. The asthmatic children with fewer asthma
visits after 1.5 years of age who had the tran-
sient early asthma phenotype remained rela-
tively stable at 6 years of age. In comparison,
the children with frequent asthma visits at 3
years of age with late-onset asthma or persis-
tent asthma phenotypes still had an up to 25%
increased risk of having active asthma at 6

years of age. In addition, the asthmatic chil-
dren with co-existing allergic rhinitis and
atopic dermatitis had a higher risk of subse-
quent asthma at 6 years of age.
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