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ABSTRACT

Purpose: Wheezing in early life is most frequently caused by viral lower respiratory tract 
illnesses, constituting a significant disease burden in children. This study aimed to investigate 
the association of wheezing in early life with autoimmune diseases throughout childhood.
Methods: A population-matched retrospective cohort study was conducted in Korea between 
2002 and 2017. The cohort comprised 34,959 children admitted with viral wheezing before 2 
years of age and an equal number of the matched unexposed children born in 2002 and 2003. 
Exposed infants were defined as those hospitalized for bronchiolitis or bronchial asthma 
before the age of 2. Unexposed controls were matched by sex and birth year at a 1:1 ratio, 
using incidence density sampling. A Cox proportional hazard model controlled for multiple 
risk factors was employed.
Results: The median age at hospitalization for wheeze was 9 months (interquartile range, 
5–15 months), and 63% of the exposed infants were male. Over the mean 15-year follow-up 
period, the incidence rate of autoimmune diseases was 74.0 and 62.2 per 10,000 person-years 
in the exposed and matched unexposed cohorts, respectively. The adjusted hazard ratio for 
any autoimmune disease in the exposed cohort was 1.15 (95% confidence interval, 1.09–1.23) 
in comparison with the unexposed cohort. The exposed cohort revealed an augmented 
risk for specific autoimmune diseases, including juvenile idiopathic arthritis, Kawasaki 
disease, Henoch-Schönlein purpura, psoriasis, idiopathic thrombocytopenic purpura, and 
immunoglobulin A nephropathy. Risks were heightened for children with multiple wheezing 
episodes or a persistent wheezing episode after the age of 2 years.
Conclusions: This research identifies associations between early-life wheeze and the 
development of autoimmune diseases in childhood. Understanding these relationships 
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can aid in recognizing the underlying pathophysiology of early-life wheeze and childhood 
autoimmune diseases, contributing to management strategies for these conditions.

Keywords: Asthma; autoimmune disease; bronchiolitis; children

INTRODUCTION

Lower respiratory tract illness in infants carries a significant disease burden due to its high 
incidence, morbidity, and impact on long-term health outcomes.1 Respiratory viruses are the 
most prevalent cause of lower respiratory tract illness in early life,2 and some infants with 
viral lower respiratory tract illness may present with wheeze, a symptom reflecting airway 
inflammation coupled with either airway obstruction or hyper-responsiveness.3-5 Particularly, 
more severe lower respiratory tract illnesses in infancy are often accompanied by wheezing 
and may lead to increased morbidity throughout childhood.6

Previous studies have explored the relationship between viral wheeze in early life and 
respiratory health in later stages, including its potential connection to childhood asthma.7 
However, the research on how viral wheeze in early life influences life-long health outcomes 
is limited. Autoimmune diseases are generally characterized by Th1-promoted cellular 
immunity, while some phenotypes of viral wheeze are marked by Th2-mediated humoral 
immunity.8,9 Historically, these 2 disease categories were considered to possess mutually 
exclusive pathophysiology.10 Some research has suggested potential links between asthma 
in children or adults and autoimmune diseases.11-13 However, these findings are inconclusive, 
and the shared mechanisms between these disease categories remain unclear. In addition, 
no studies have specifically explored the relationship between viral wheeze in early life and 
autoimmune diseases during childhood.

In this study, we hypothesized that viral wheeze requiring hospitalization in early life could 
be linked to the subsequent development of autoimmune diseases. To test our hypothesis, 
we investigated the association between viral wheeze requiring hospitalization before 2 years 
of age and the development of autoimmune diseases during childhood, utilizing data from a 
national health insurance system database.

MATERIALS AND METHODS

Study population and data source
This study is a longitudinal observational and administrative cohort analysis. Utilizing 
a database procured from the National Health Insurance Service (NHIS) in conjunction 
with the mortality report of Statistics in Korea, a cohort comprising 997,154 children 
born between 2002 and 2003 in South Korea was followed from birth to December 2017. 
NHIS functions as a singular compulsory health insurance system in Korea, extending 
medical insurance benefits to virtually all residents. The NHIS database encompasses 
demographic data, such as gender, socioeconomic status, and residential area, as well 
as clinical information on medical usages. This includes International Classification of 
Diseases 10th revision (ICD-10) codes, prescription codes, and procedure codes relevant to 
hospitalizations, outpatient visits, and emergency room visits.
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Exposed cohort
An exposed cohort was assembled, encompassing all children experiencing a wheezing 
episode. The definition of wheezing episode was specified as hospitalization for the 
principal diagnosis of acute bronchiolitis (ICD-10 code J21.X) or asthma (ICD-10 codes J45.X 
or J46.X) prior to 2 years of age, including those required intensive care unit treatment. 
The index date referred to the date of the first diagnosis of a wheezing episode. Moreover, 
children diagnosed with autoimmune diseases before the index date were excluded (Fig. 1), 
resulting in a total of 34,959 children being allocated to the exposed cohort. The diagnosis 
of a wheezing episode was found to consist of 44.5% asthma and 55.5% acute bronchiolitis 
(Supplementary Table S1).

Matched unexposed cohort
Children who had never experienced a wheezing episode were assigned to an unexposed 
cohort. To reduce the significant numerical discrepancy between the exposed and unexposed 
groups, we implemented a 1:1 incidence density matching. Each exposed individual was 
paired with a randomly selected counterpart from the unexposed group, matched according 
to gender and birth year. The index date for participants in the unexposed group was 
randomly set to correspond with that of the matched individual in the exposed group. 
Subsequently, these matched individuals in the unexposed group were followed to determine 
whether they experienced wheezing episodes in the first 2 years of life; if so, they were 
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Children who born between 2002 and 2003 in South Korea
(n = 997,154)

Unexposed group
(children who had not experienced wheezing episode)

(n = 961,737)

Exposed group
(children who had experienced wheezing episode)

(n = 35,420)

Unexposed group
(children who had not experienced wheezing episode)

(n = 961,737)

Exposed group
(children who had experienced wheezing episode)

(n = 34,959)

Matched unexposed group
Accumulated person-years at risk = 421,890

(n = 34,959)

Exposed group
Accumulated person-years at risk = 442,203

(n = 34,959)

Excluded
- Children who had been diagnosed with

autoimmune diseases before the index date
(n = 458)

1:1 incidence density sampling

Fig. 1. Study population. 
The study included individuals born in South Korea in 2002 and 2003, using data from the National Health Insurance Service (NHIS) and supplementary mortality 
information provided by Statistics Korea. Participants who were hospitalized with a primary diagnosis of acute bronchiolitis (ICD-10 code J21.X) or asthma 
(ICD-10 code J45.X or J46.X) before the age of 2 were categorized into the exposed group. Those without such hospitalizations were allocated to the unexposed 
group. The index date was defined as the date of the first wheezing episode. From the exposed group, children previously diagnosed with autoimmune diseases 
prior to the index date (n = 458) were excluded. Using 1:1 incidence density sampling, 34,959 children were allocated to both the exposed and matched 
unexposed groups. 
ICD-10, International Classification of Diseases 10th revision.



reclassified into the exposed group. Follow-up for all participants extended from the index 
date to the first diagnosis of an autoimmune disease, death, or the end of the study period 
(December 31, 2017). To mitigate the risk of inverse causality or surveillance bias, occurrences 
of autoimmune diseases during the first year of follow-up were excluded from analysis.

Primary outcome
The outcome of interest was the diagnosis of pre-specified 41 autoimmune diseases, 
identified using ICD-10 codes (Supplementary Table S2). Any autoimmune diseases were 
defined as diagnosis of one or more preselected autoimmune diseases.

Covariates
Demographic covariates included gender, calendar year of birth, season of birth, residence 
area at the time of birth, and socioeconomic status. The residence areas at birth were 
classified into specific categories: Seoul, metropolitan regions, cities, and rural areas. 
Socioeconomic status was assessed using health insurance premiums and was divided into 
2 categories based on the median value. Furthermore, information on perinatal diseases 
was obtained from the NHIS database. This encompassed disorders related to length of 
gestation and fetal growth (ICD-10 codes, P05.X to P08.X), birth trauma (ICD-10 codes, 
P10.X to P15.X), infections specific to the perinatal period (ICD-10 codes, P35.X to P39.X), 
hemorrhagic disorders of the fetus and newborn (ICD-10 codes, P50.X to T61.X), and 
congenital malformations and deformations (ICD-10 codes, Q00.X to Q89.X).

Statistical analysis
After assessing the proportional hazards assumption by conducting both the proportional 
test and the Schönfeld test, we evaluated the risk of developing autoimmune diseases 
in the exposed group using a Cox proportional hazards model. Hazard ratios (HRs) and 
95% confidence intervals (CIs) were calculated for the subsequent development of any 
autoimmune diseases in children who experienced viral wheeze before the age of 2 years. 
These calculations were performed using time after the index date as the underlying time 
scale. Additionally, we analyzed each association between atopic dermatitis and 41 specific 
autoimmune diseases. All analyses were controlled for variables, such as age and season at 
the index date, socioeconomic status, residential area at birth, and perinatal diseases.

Subgroup analyses were conducted according to gender, age group at index (≤ 6 months vs. 7–24 
months), calendar year of birth (2002 vs. 2003), residence at birth (Seoul/metropolitans and 
cities vs. rural), socioeconomic status (< median vs. ≥ median), season at the index date (spring 
to early autumn vs. late autumn to winter), or perinatal status (yes vs. no). The differences in 
HRs were assessed by introducing an interaction term into the Cox model. We also investigated 
how the clinical characteristics of a wheezing episode before 2 years of age might influence 
the outcomes. The risk of development of autoimmune diseases was analyzed on the basis of 
various exposure characteristics, such as the diagnosis of the wheezing episode, the frequency 
of the wheezing episode, and the hospitalization duration of each wheezing episode.

To enhance the robustness of the results, we analyzed the associations of autoimmune 
diseases with acute bronchiolitis or asthma independently, using the same statistical 
methods as the main analysis. Additionally, to minimize the potential for reverse causality, 
we repeated the analyses, excluding the first 2, 3, and 5 years after study entry. Two-tailed 
p-values of less than 0.01 were considered statistically significant. All statistical analyses were 
performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).
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Ethics statement
The utilization of de-identified individual data for research was sanctioned under the 
prevailing National Health Insurance Act. This research was conducted with ethical clearance 
under the current National Health Insurance Act. This retrospective study was performed in 
accordance with the relevant guidelines and regulations. The study protocol was reviewed 
and approved by the Institutional Review Board of the Korea National Institute for Bioethics 
Policy (P01-201603-21-005). Patient consents were not required as this study was based on 
de-identified and publicly available data. The need for informed consent was waived the 
Institutional Review Board of the Korea National Institute for Bioethics Policy.

RESULTS

Baseline characteristics of study population
In the population-matched cohort, a total of 34,959 individuals were allocated to both the 
exposed and matched unexposed groups. Table 1 presents the baseline characteristics of 
these groups. In each group, boys constituted 63.2% of the individuals. The median age at 
the index date was 9 months (interquartile range, 5 to 15 months), with 37.3% of children 
experiencing a wheezing episode before 6 months, and 62.7% of children experiencing it 
between 7 and 24 months. The mean duration of follow-up was 178.5 months (standard 
deviation [SD], 9.7 months) for the exposed group and 179.2 months (SD, 11.5 months) for 
the matched unexposed group. The socioeconomic status did not differ significantly between 
the exposed and matched unexposed groups. Moreover, higher proportions of children in the 
exposed group were hospitalized due to lower respiratory tract infections (such as wheezing 
episodes or pneumonia) in the year following the index date.

Clinical characteristics are detailed in Supplementary Table S1. A higher proportion of 
children diagnosed with perinatal diseases was observed in the exposed group, compared 
to the matched unexposed group (13,478 [38.6%] vs. 10,490 [30.0%]). The proportion of 
children with atopic dermatitis before 2 years of age was similar in both groups. The numbers 
of children diagnosed with wheezing episodes after 2 years of age were 3,867 (11.1%) in the 
exposed group and 1,200 (3.4%) in the matched unexposed group.

Associations between viral wheeze before age 2 and subsequent 
development of autoimmune diseases
We investigated the association between early childhood wheezing episodes and the 
subsequent risk of developing autoimmune diseases (Fig. 2 and Supplementary Table S2). 
Among the exposed cohort, 3,428 children received diagnoses of autoimmune diseases, 
corresponding to an incidence rate of 74.0 cases per 10,000 person-years (PY). Conversely, 
in the unexposed cohort, 2,916 children were diagnosed, with an incidence rate of 62.2 cases 
per 10,000 PY. After adjusting for potential confounders, the exposed cohort demonstrated 
a 1.147-fold higher risk of developing autoimmune diseases (95% CI, 1.091–1.230) in 
comparison to the unexposed cohort.

Specifically, the exposed cohort exhibited elevated risks for several individual autoimmune 
diseases. There was a statistically significant increase in the risk of juvenile idiopathic 
arthritis (adjusted hazard ratio [aHR], 1.235; 95% CI, 1.084–1.452) and other arthritis-related 
diseases (aHR, 1.212; 95% CI, 1.079–1.362). Moreover, this cohort also presented higher 
risks for Kawasaki disease (aHR, 1.196; 95% CI, 1.048–1.365) and Henoch-Schönlein purpura 
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(aHR, 1.269; 95% CI, 1.084–1.485), as well as diseases with any types of vasculitis included 
in the present study (aHR, 1.240; 95% CI, 1.120–1.372). Notably, there was a significant 
association between wheezing episodes occurring within the first 2 years of life and 
conditions classified as skin diseases (aHR, 1.158; 95% CI, 1.048–1.278). Specifically, these 
early-life wheezing episodes were linked to a significantly higher risk of developing psoriasis 
(aHR, 1.307; 95% CI, 1.037–1.648). Regarding hematologic conditions, the exposed cohort 
displayed an increased risk of idiopathic thrombocytopenic purpura (aHR, 1.384; 95% CI, 
1.009–1.898). Further, an elevated risk was noted for immunoglobulin A (IgA) nephropathy 
(aHR, 1.152; 95% CI, 1.002–1.325).

Associations between wheezing episode before 2 years of age and 
autoimmune diseases according to characteristics of individuals
We examined the association between episodes of wheezing before 2 years of age and 
the subsequent development of autoimmune diseases, stratified by individual baseline 
characteristics, to identify populations with high-risk groups (Table 2). With regard to gender, 
both males and females in the exposed group demonstrated an increased risk for developing 
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Table 1. Characteristics of the study cohorts
Characteristics Population-matched cohort

Exposed group*  
(n = 34,959)

Matched unexposed group†  
(n = 34,959)

Follow-up time, mon 178.54 ± 9.65 179.16 ± 11.47
Gender

Boy 22,083 (63.17) 22,083 (63.17)
Girl 12,876 (36.83) 12,876 (36.83)

Age at index date,‡ median (IQR), mon 9.0 (5–15) 9.0 (5–15)
Age group at index date,‡ mon

≤ 6 13,031 (37.28) 13,339 (38.16)
7–24 21,928 (62.72) 21,620 (61.84)

Residence area at birth
Seoul/metropolitan 18,304 (52.36) 16,997 (48.62)
City 13,043 (37.31) 14,246 (40.75)
Rural 3,597 (10.29) 3,716 (10.63)
Missing 15 (0.04) 0 (0.00)

Socioeconomic status§

< Median 14,930 (42.71) 14,941 (42.74)
≥ Median 19,235 (55.02) 18,800 (53.78)
Missing 794 (2.27) 1,218 (3.48)

Year of birth
2002 16,731 (47.86) 16,731 (47.86)
2003 18,228 (52.14) 18,228 (52.14)

Hospitalization due to lower respiratory infections for the first year after the index date∥

None 27,338 (78.20) 33,188 (94.93)
More than once to treat wheezing episode 4,205 (12.03) 569 (1.63)
More than once to treat pneumonia 4,301 (12.30) 1,308 (3.74)

Number of outpatient visits for the first year after the index date∥

< 10/year¶ 16,740 (47.90) 16,052 (45.90)
≥ 10/year¶ 18,219 (52.10) 28,907 (54.10)

Values are presented as mean ± standard deviation or number (%).
IQR, interquartile range; ICD-10, International Classification of Diseases 10th revision.
*The exposed group comprises children hospitalized for bronchiolitis or asthma, identified by principal diagnosis codes of acute bronchiolitis (ICD-10 code J21.X) 
or asthma (ICD-10 codes J45.X or J46.X) before reaching 2 years of age.
†The matched unexposed group includes children without a wheezing episode and is created using incidence density matching at a 1:1 ratio with the exposed 
subjects, matching for gender.
‡The index date refers to the initial occurrence of a wheezing episode for exposed subjects; for unexposed subjects, the index date is randomly assigned to 
coincide with the index date of a corresponding exposed subject.
§Socioeconomic status was gauged using health insurance premiums as a proxy.
∥Data from the first month following the index date are excluded, as the exposed subjects utilized more healthcare services during this period.
¶Values are determined based on the mean value.



autoimmune diseases, with no statistically significant gender-dependent difference in risk (P 
for interaction = 0.795). However, the risk was different depending on age at the index date (P 
for interaction = 0.035), with a higher risk observed in cases between 7–24 months, compared 
to those before 6 months. Moreover, the risk of developing autoimmune diseases within the 
exposed group was influenced by socioeconomic status (P for interaction = 0.046). Children 
from higher socioeconomic backgrounds faced a greater risk, compared to those from 
lower socioeconomic backgrounds (aHR, 1.202; 95% CI, 1.123–1.286; aHR, 1.084; 95% CI, 
1.005–1.168; P for interaction = 0.046). However, there were no significant variations based on 
calendar year of birth, geographic area of residence at birth, season at index date, or perinatal 
status, in autoimmune disease risks (all P for interaction > 0.05).

Associations between wheezing episodes before age 2 and autoimmune 
diseases according to clinical characteristics of wheezing episodes
The risk of developing autoimmune diseases was associated with both the frequency of 
wheezing episodes experienced before 2 years of age and the duration of hospital stays 
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Autoimmune diseases

Endocrine diseases
Any
Autoimmune thyroid disease
Diabetes mellitus, insulin dependent

Any

Any

Any

Any

Any

Any

Any
Acute disseminated encephalomyelitis

Gastrointestinal diseases

Crohn's disease
Ulcerative colitis

Other diseases
IgA nephropathy

aHR (95% CI)

0.6 1.0 1.4 1.8 2.0 2.6

Any autoimmune disease

Dermatitis herpetiformis
Psoriasis
Vitiligo

Hematological diseases

Idiopathic thrombocytopenia purpura
Neurologic diseases

Kawasaki disease and related condition
Henoch-Schonlein purpura

Connective tissue diseases

Systemic lupus erythematosus
Sjögren's syndrome

Skin disease

Arthritis

Reactive arthritis (Reiter syndrome)
Juvenile idiopathic arthritis
Ankylosing spondylitis

Vasculitis

334/48.7
266/48.9

77/49.0

642/48.2

876/48.2

109/49.0

854/48.4

104/49.0

228/48.9

104/49.0
73/49.0

147/49.0
85/49.0

443/48.7
3,428/46.3

168/48.9
175/49.0
511/48.7

97/49.0

509/48.5
366/48.8

40/49.1
39/49.1

103/49.0
515/49.2
44/49.1

(6.85)
(5.44)
(1.57)

(13.33)

(18.19)

(2.22)

(17.63)

(2.12)

(4.66)

(2.12)
(1.49)

(3.00)
(1.73)

(9.82)
(74.0)

(3.43)
(3.57)
(10.50)

(1.98)

(10.50)
(7.51)

(0.82)
(0.79)

(2.10)
(10.48)
(0.90)

305/48.9
241/49.0

68/49.1

532/48.4

693/48.4

84/49.1

734/48.6

83/49.1

186/49.0

83/49.1
59/49.1

123/49.0
67/49.1

382/48.9
2,916/46.9

130/49.1
133/49.1

465/48.8

66/49.1

414/48.7
286/48.9

37/49.1
23/49.2

96/49.1
419/48.9
38/49.2

(6.24) 1.064 (0.908–1.247)
1.070 (0.895–1.279)
1.088 (0.782–1.515)

1.212 (1.079–1.362)
1.080 (0.814–1.432)
1.235 (1.084–1.452)
1.142 (0.736–1.773)

1.240 (1.120–1.372)
1.196 (1.048–1.365)
1.269 (1.084–1.485)

1.264 (0.942–1.696)
1.082 (0.678–1.726)
1.668 (0.982–2.333)

1.158 (1.048–1.278)
1.259 (0.998–1.589)
1.307 (1.037–1.648)
1.122 (0.987–1.275)

1.324 (0.994–1.762)
1.384 (1.009–1.898)

1.212 (0.906–1.622)
1.192 (0.843–1.686)

1.182 (0.970–1.439)
1.146 (0.898–1.463)
1.234 (0.890–1.710)

1.152 (1.002–1.325)
1.147 (1.091–1.230)

(4.91)
(1.38)

(10.99)

(14.31)

(1.71)

(15.1)

(1.69)

(3.80)

(1.68)
(1.20)

(2.51)
(1.36)

(7.82)
(62.2)

(2.65)
(2.71)
(9.53)

(1.34)

(8.51)
(5.85)

(0.75)
(0.47)

(1.95)
(8.56)
(0.77)

Number of events/accumulated 10,000 PY
(IR per 10,000 PY)

Exposed Unexposed aHR (95% CI)

Fig. 2. Risk of subsequent development of autoimmune diseases in children with bronchiolitis or asthma before 2 years of age. 
Autoimmune diseases with fewer than 20 observed cases were pooled into their respective main categories rather than being analyzed individually. These 
contributed to the calculation of HRs. The Cox proportional hazards models were adjusted for multiple variables, including gender, age at index date, 
socioeconomic status, area of residence at birth, and history of perinatal diseases. Outcomes occurring during the first year following the index date were 
systematically excluded from all analyses. 
PY, person year; IR, incidence rate; aHR, adjusted hazard ratio; CI, confidence interval; IgA, immunoglobulin A.



(Table 3). Specifically, children who experienced 3 or more wheezing episodes demonstrated 
a higher risk for subsequent development of autoimmune diseases, compared to those 
who had 2 or fewer episodes (aHR, 1.427; 95% CI, 1.270–1.604 vs. aHR, 1.124; 95% CI, 
1.068–1.183; P for interaction < 0.001). When compared to the unexposed group, children 
hospitalized for equal to or longer than the median stay of 6 days had a 1.22-fold increased 
risk of developing autoimmune diseases, whereas those hospitalized for less than 6 days 
showed a 1.08-fold elevated risk (P for interaction < 0.001). However, there was no difference 
in the risk of autoimmune diseases based on the primary diagnosis of a wheezing episode (P 
for interaction = 0.66).

Sensitivity analysis
We performed additional analyses on the association between autoimmune diseases and 
each specific diagnosis—acute bronchiolitis or asthma—related to wheezing episodes 
(Supplementary Table S3). Initially, using a 1:1 incidence density matching approach, we 
identified 16,871 children who had been diagnosed with asthma before reaching 2 years 
of age, as well as an equal number who had not been diagnosed. The IR for autoimmune 
diseases was 74.6 among children with asthma and 63.2 among those without. This 
corresponded to a 1.16-fold (95% CI, 1.08–1.25) increase in the risk of developing 
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Table 2. Risk of any autoimmune disease among individuals exposed to acute bronchiolitis or asthma before 2 years of age* compared with matched-unexposed 
individuals
Characteristics Total 

number
No. of autoimmune disease cases/No. of accumulated  

person-years × 10,000 (incidence rate/10,000 person-years)
Absolute rate 

difference/10,000 
person-years (95% CI)

Adjusted HR  
(95% CI)†

P for 
interaction‡

Exposed group Matched unexposed group
All 34,959 3,428/46.3 (74.0) 2,916/46.9 (62.2) 11.764 (8.413–15.116) 1.147 (1.091–1.230)
Gender 0.795

Boy 22,083 2,104/29.4 (71.7) 1,777/29.7 (59.9) 11.819 (7.676–15.962) 1.150 (1.078–1.226)
Girl 12,876 1,324/17.0 (77.8) 1,139/17.2 (66.1) 11.674 (5.998–17.359) 1.141 (1.053–1.238)

Age group at the index date,§ mon 0.035
≤ 6 12,723 1,295/17.9 (72.4) 1,156/17.6 (65.7) 6.661 (1.192–12.130) 1.066 (0.983–1.156)
7–24 22,236 2,133/28.5 (75.0) 1,760/29.3 (60.1) 14.873 (10.630–19.116) 1.197 (1.122–1.276)

Year of birth 0.940
2002 16,731 1,713/22.2 (77.0) 1,459/22.5 (64.9) 12.169 (7.231–17.107) 1.150 (1.071–1.235)
2003 18,228 1,715/24.1 (71.2) 1,457/24.4 (59.8) 11.391 (6.835–15.947) 1.144 (1.066–1.229)

Residence area at birth 0.874
Seoul/metropolitan 18,309 1,779/22.5 (79.1) 1,612/24.5 (65.9) 13.275 (8.390–18.160) 1.140 (1.048–1.240)
City 13,043 1,296/18.9 (68.5) 1,020/17.6 (58.1) 10.342 (5.184–15.501) 1.154 (1.077–1.235)
Rural 3,597 353/4.9 (71.6) 284/4.8 (58.7) 12.879 (2.755–23.002) 1.134 (0.936–1.334)

Socioeconomic status∥ 0.046
< Median 14,941 1,452/19.8 (73.3) 1,313/20.0 (65.8) 7.560 (2.376–12.744) 1.084 (1.005–1.168)
≥ Median 18,800 1,904/25.5 (74.7) 1,518/25.3 (60.1) 14.628 (10.110–19.146) 1.202 (1.123–1.286)

Season at the index date 0.981
Spring to early autumn 23,311 1,909/25.3 (75.5) 1,951/31.3 (62.4) 13.100 (8.725–17.475) 1.126 (1.037–1.223)
Late autumn to winter 11,648 1,519/21.1 (72.1) 965/15.6 (61.8) 10.319 (4.992–15.645) 1.160 (1.088–1.237)

Any perinatal status¶ 0.221
Yes 10,490 1,616/17.6 (91.6) 1,152/13.9 (83.0) 8.610 (2.057–15.163) 1.103 (1.021–1.191)
No 24,469 1,812/28.7 (63.1) 1,764/33.0 (53.5) 9.666 (5.836–13.497) 1.173 (1.097–1.253)

CI, confidence interval; HR, hazard ratio; ICD-10, International Classification of Diseases 10th revision.
*A wheezing episode is defined as hospitalization with a principal diagnosis of acute bronchiolitis (ICD-10 code J21.X) or asthma (ICD-10 code J45.X or J46.X) 
occurring before the age of 2.
†In stratified analyses, Cox models were calculated, adjusting for gender, age at the index date, economic status, place of residence at birth, and perinatal 
diseases—excluding the variable used for stratification. The first year of follow-up was excluded from all analyses.
‡The P value was obtained through an interaction test by incorporating an interaction term into the Cox model.
§The index date signifies the initial occurrence of a wheezing episode for exposed subjects; for unexposed subjects, the index date is randomly aligned with the 
index date of a matching exposed subject.
∥Economic status was assessed using health insurance premiums as an indicator.
¶Perinatal conditions include disorders related to gestation length and fetal growth, birth injuries, infections specific to the perinatal period, hemorrhagic 
disorders in the fetus and newborn, and congenital malformations.



autoimmune diseases in children diagnosed with asthma, compared to those without 
asthma. Similarly, after performing matching, we found 19,735 children with and without 
a diagnosis of acute bronchiolitis prior to the age of 2 years. In this cohort, the IR for 
autoimmune diseases was 73.6 for children with acute bronchiolitis and 63.7 for those 
without acute bronchiolitis, signifying a heightened risk for autoimmune diseases in children 
with acute bronchiolitis (HR, 1.14; 95% CI, 1.07–1.22).

Furthermore, we executed sensitivity analyses using varied lag times of 2, 3, and 5 years 
following the index date (Supplementary Table S4). Despite extending the lag-time intervals 
to these durations, we observed consistent outcomes linking viral wheeze before the age of 2 
years with the subsequent development of autoimmune diseases during childhood.

DISCUSSION

In the present study, we demonstrated a significant association between viral wheeze before 
the age of 2 and increased risks of developing autoimmune diseases in later childhood in a 
large population-based cohort analysis. Notably, children who had viral wheeze before the 
age of 2 showed an increased risk for specific autoimmune diseases, the highest risk being 
for idiopathic thrombocytopenic purpura, followed by psoriasis, Henoch-Schönlein purpura, 
juvenile idiopathic arthritis, Kawasaki disease, and IgA nephropathy. Additionally, the risk 
was further amplified in children with an index age between 7 and 24 months, those from 
higher socioeconomic backgrounds, and those with frequent and prolonged hospitalizations 
due to viral wheeze prior to 2 years of age. These findings provide significant implications 
for the long-term management of early-life viral wheeze and underscore the necessity for its 
consideration in the management strategies.

Several studies have explored the relationship between childhood and adult asthma and the 
subsequent development of autoimmune diseases.14,15 One nationwide registry study revealed 
that children diagnosed with asthma between the ages of 5 and 7 showed increased risks of 
developing type 1 diabetes and inflammatory bowel disease beyond the age of 8.16 Another 
cross-sectional study found that patients with asthma at 8–29 years exhibited heightened 
risks for a range of autoimmune diseases, defined as any one of the arthritis-related 
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Table 3. Risk of autoimmune disease associated with wheezing episodes* in early childhood according to clinical conditions
Group No. of autoimmune disease cases/No. of Accumulated 

person-years × 10,000 (incidence rate/10,000 person-years)
Adjusted HR (95% CI)† P value for 

interaction
Matched unexposed group (n = 34,969) 2,916/46.9 (62.2) Ref
Exposed group

Diagnostic codes for wheezing 0.662
Acute bronchiolitis (n = 19,389) 1,902/25.9 (73.4) 1.127 (1.062–1.195)
Asthma (n = 15,570) 1,526/20.4 (74.7) 1.171 (1.009–1.248)

Number of wheezing episodes < 0.001
Two or fewer (n = 32,285) 3,100/42.9 (72.3) 1.124 (1.068–1.183)
Three times or more (n = 2,674) 328/3.4 (95.3) 1.427 (1.270–1.604)

Duration of admissions for wheezing episode < 0.001
< Median (6 days) (n = 18,310) 1,688/24.4 (69.3) 1.082 (1.018–1.150)
≥ Median (6 days) (n = 16,648) 1,740/22.0 (79.2) 1.217 (1.146–1.293)

HR, hazard ratio; CI, confidence interval; ICD-10, International Classification of Diseases 10th revision.
*Wheezing episodes were identified through hospitalization records with a primary diagnosis of either acute bronchiolitis (ICD-10 code J21.X) or asthma (ICD-10 
code J45.X or J46.X) occurring before the age of 2 years.
†All Cox models were adjusted for the following covariates: gender, age at the index date, economic status, area of residence at birth, and perinatal diseases. 
The first year of follow-up was omitted from all analyses.



conditions, systemic connective tissue disorders, ankylosing spondylitis, non-infective 
enteritis and colitis, and psoriasis.17

It is important to differentiate asthma in older children and adults from that in infants,18 as 
the epithelial reticular basement membrane in infants with reversible airflow obstruction 
is different in infants, even when associated with atopy.19 The pathophysiology of viral 
wheeze before the age of 2 is associated with small airway involvement, which is triggered 
by respiratory viral infections early in life and results in airway inflammation, airflow 
obstruction, and hyperreactivity.20 The occurrence of viral wheeze in early life is shaped by 
complex interactions among host genetics, environmental factors, and the characteristics of 
respiratory pathogens.20-22 Therefore, conclusions about the link between viral wheeze prior 
to the age of 2 and childhood autoimmune diseases cannot be drawn from data pertaining 
to childhood asthma and adult asthma. To date, no studies have examined the association 
between early-life viral wheeze and the later development of autoimmune diseases, although 
research is required to investigate this relationship specifically among children who 
experience viral wheeze before the age of 2. To our knowledge, the present study is the first 
and most extensive to investigate the association between viral wheeze in infancy and the 
subsequent development of autoimmune diseases during childhood.

The potential mechanisms that underlie the association between viral wheeze in infancy 
and subsequent development of autoimmune diseases are multifaceted and likely involve 
a combination of shared genetic susceptibility, environmental influences, and cytokine 
milieu.13,20,23,24 Rather than acting in isolation, these factors likely interact in a complex 
manner, influenced by both genetic and environmental backgrounds, to contribute to 
the observed association between viral wheeze during infancy and autoimmune diseases. 
Although genes, such as TLR-2, GSDMB, and HLA-DRB1, have been identified as conferring 
a predisposition to both asthma and autoimmune diseases,24-26 genetic factors alone 
are insufficient to explain the development of asthma. Environmental factors, such as 
diet, infection, and pollution, also play a significant role in the onset and progression 
of bronchiolitis, asthma, and autoimmune diseases.20,27,28 For instance, a higher intake 
of advanced glycation end products has been associated with both childhood wheeze29 
and autoimmune diseases.23 Chronic inflammation, characterized by elevated levels of 
interleukin (IL)-17 and tumor necrosis factor-α, may partially explain the link between 
early-life viral wheeze and autoimmune disorders, as these cytokines are also elevated in 
autoimmune diseases and asthma.30,31 In addition, regulatory T cells (Treg), which play a key 
role in the regulation of immune homeostasis and tolerance, are commonly involved in the 
pathogenesis in the autoimmune disease and allergic diseases by suppressing autoreactive 
immune response and Th2 response, respectively.32,33 Therefore, research on the role of 
Treg on the association of autoimmune diseases with wheeze in early life is required. The 
epithelial barrier hypothesis has recently been proposed to account for the rising prevalence 
of allergic and autoimmune diseases, particularly in the context of modern societal shifts 
such as industrialization and urbanization. 34 Furthermore, alterations in the gut microbiome 
during the vulnerable period of early-life immune system development may provide a partial 
explanation for the association between early-life viral wheeze and autoimmune diseases.35 
Dysregulated immune responses, coupled with airway inflammation, emerge as key features 
in both autoimmune diseases and respiratory conditions like asthma and bronchiolitis, 
particularly among genetically predisposed individuals.35,36
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In the present study, we found that wheezing episode before the age of 2 significantly 
increased the risk of various pediatric autoimmune diseases, such as juvenile idiopathic 
arthritis, Kawasaki disease, Henoch-Schönlein purpura, idiopathic thrombocytopenic 
purpura, and IgA nephropathy. However, no significant associations were observed with 
endocrine or connective tissue diseases. The notable link between early-life wheezing episode 
and specific types of vasculitis, such as Kawasaki disease and Henoch-Schönlein purpura, 
may be partly attributed to certain subtypes of respiratory involvement in systemic vasculitis 
in genetically predisposed individuals.37 Alternatively, these associations might be the result 
of sequential manifestations stemming from pre-existing immune complex, a condition 
detectable in both asthma and vasculitis.38 Previous research has indicated that respiratory 
viral infections, specifically respiratory syncytial virus, can act as a trigger for Kawasaki 
disease within a relatively short interval of 2 months.39 In contrast, our study demonstrated 
a lag time of 1–5 years between early-life viral wheeze and the initial diagnosis of Kawasaki 
disease. This suggests that respiratory viral infection alone is insufficient to fully account 
for the observed associations between viral wheeze in infancy and the later development of 
Kawasaki disease. A more plausible explanation may lie in the intricate interplay of multiple 
factors, such as dysregulated immune responses in susceptible populations, contributing to 
these associations.20,40 The absence of a significant correlation between early-life wheezing 
episode and endocrine autoimmune diseases may be due to the lack of overlapping 
pathophysiological mechanisms, which originate from diverse factors.

Atopic dermatitis and psoriasis are commonly T-cell mediated chronic inflammatory skin 
diseases.41 Although atopic dermatitis and psoriasis are considered as distinct diseases in 
the aspects of clinical, pathologic, and molecular background, some subtypes of atopic 
dermatitis and psoriasis have areas of overlaps in the pathologic mechanisms, including 
IL-17 component.41 Furthermore, psoriasis shared 35% genes with atopic dermatitis.42 
In addition, the association between psoriasis and respiratory comorbidities has been 
infrequently explored in existing literature.43,44 The presence of systemic inflammatory 
markers, such as elevated IL-17, which are commonly found in both early-life viral wheeze and 
psoriasis, could offer a partial explanation for these observed associations.45 Accumulating 
evidence suggested that atopic dermatitis is associated with increased risks of multiple 
autoimmune diseases.42,46,47 As one of the major allergic comorbidities, atopic dermatitis 
can share the common pathophysiology with autoimmune diseases in the aspect of genetic 
susceptibility and predominant cytokines,48 which might partially explain the link between 
atopic dermatitis and autoimmune diseases. While one investigation has demonstrated 
that RSV bronchiolitis and juvenile idiopathic arthritis exhibit inverse distributions in IL-8 
polymorphisms,49 another study has indicated that children with allergic diseases, including 
asthma, are at a heightened risk for developing juvenile idiopathic arthritis.50 These results 
imply that genetic predispositions alone cannot fully account for the association between 
viral wheeze and juvenile idiopathic arthritis, when considering that RSV bronchiolitis may 
also act as a risk factor for subsequent asthma development.20 Further research is warranted 
to elucidate the underlying mechanisms driving these associations.

We defined the exposure of interest as early life wheezing episodes requiring hospitalization, 
rather than all wheezing episodes, including those treated as outpatients. This was due 
to a lack of validation studies on wheezing episodes in the administrative cohorts and the 
nature of our data, which necessitated a more precise selection of wheezing episodes. When 
considering previous studies that found children with severe symptoms, specifically those 
with acute bronchiolitis requiring hospitalization at a young age, had a higher risk of asthma, 
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compared to those treated as outpatients,6,51 it's important to acknowledge that our study 
cannot generalize the association between all wheezing episodes and autoimmune diseases. 
Furthermore, our study revealed that an elevated risk for childhood autoimmune diseases has 
been observed in children with more extended hospital stays and frequent hospitalizations 
due to early-life viral wheeze. This suggests that the severity of early-life viral wheeze may 
contribute to an increased likelihood of developing autoimmune diseases during childhood. 
These findings suggest that factors correlating with the severity of viral wheeze in early life 
could partially overlap with the etiological mechanisms of childhood autoimmune diseases.

Several limitations warrant mention in the present study. Although asthma and bronchiolitis 
can be distinct entities in children older than 2 years, we defined the concept of viral wheeze 
in infancy using ICD-10 codes for either asthma or bronchiolitis occurring before the age 
of 2, coupled with a bronchodilator prescription in this study. This categorization can 
be problematic given that bronchodilators are frequently prescribed for bronchiolitis in 
infancy when asthmatic features are present, rendering asthma and bronchiolitis virtually 
indistinguishable in children under 2 years of age. As this study included only hospitalized 
for bronchiolitis or bronchial asthma before 2 years of age, the results of the present study 
might suggest that infants with higher risk of asthma or more severe bronchiolitis might have 
the associations with the development of autoimmune diseases in childhood.52 In addition, 
since our study targeted hospitalizations for wheezing episodes, the matched control group 
likely included cases that visited outpatient services for wheezing episodes. It is important 
to consider this aspect when interpreting the results of the present study. Additionally, 
while various factors, such as genetic susceptibility can influence the onset of autoimmune 
diseases,53 these were not accounted for as potential confounders in our analysis because of 
lack of information in genetic susceptibility in the dataset used in the present study. Despite 
these limitations, our study holds significance for elucidating the association between early-
life viral wheeze and the subsequent development of autoimmune diseases in childhood. 
Utilizing diverse lag-time analyses enhanced the robustness of our findings.

In summary, early-life viral wheeze is significantly associated with an increased risk of 
developing autoimmune diseases in later childhood. These findings underscore the need for 
heightened clinical vigilance regarding this risk in children who experience viral wheeze early 
in life, aiming to improve disease outcomes. Enhanced understanding of these associations 
may facilitate the elucidation of underlying pathophysiological mechanisms, thereby aiding 
in the formulation of targeted management strategies for both viral wheeze and autoimmune 
diseases in children.
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