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Association of comorbidities 
and medications with risk 
of asthma exacerbation in pediatric 
patients: a retrospective study 
using Japanese claims data
Shotaro Maeda1,2, Shigetoshi Kobayashi3, Kenzo Takahashi1 & Satoshi Miyata1*

Asthma exacerbation impairs the quality of life of pediatric patients and negatively impacts future 
respiratory function and health economics. Several risk factors associated with exacerbations have 
been identified; however, most studies report the risk of each factor. Therefore, this study aimed 
to evaluate the risk of each factor and a combination of factors. We performed a retrospective 
cohort study using Japanese claims data and extracted factors associated with exacerbations using 
multivariate Cox proportional hazards regression and stepwise method. Risk scores were then 
calculated from the extracted factors and validated by tenfold cross validation. Of the 1,748,111 
asthma patients in the database, the data of 14,980 were extracted, and 1988 (13.3%) had 
exacerbation. Factors associated with asthma exacerbation were age of 3–5 years, exacerbation 
history before cohort entry date, allergic rhinitis, chronic sinusitis, otitis externa, blepharitis, upper 
respiratory infections, urticaria, LTRA prescription, were determined. A four-level risk score was 
calculated from 9-factors and the AUC derived from cross validation was 0.700. Most factors extracted 
in our study are consistent with those of previous studies. We showed that combining each factor is 
more helpful in assessing the increased risk of asthma exacerbation than assessing each factor alone.

Abbreviations
ATC​	� Anatomical therapeutic chemical classification system
AUC​	� Area under the receiver operating characteristic curve
CART​	� Classification and regression trees
DPC	� Diagnosis procedure combination
DSCG	� Disodium cromoglycate
HR	� Hazard ratio
ICS	� Inhaled corticosteroid
ICD-10	� International Classification of Diseases, 10th Revision
LABA	� Long-acting b2-adrenergic agonist
LTRA​	� Leukotriene receptor antagonist
OR	� Odds ratio
SABA	� Short acting beta-2 agonist

In 2015, a national school survey using the International Study of Asthma and Allergies in Childhood (ISAAC) 
questionnaire showed that the prevalence of asthma was 10.1% in 6–8 year old children and 8.2% in 13–15 year 
old children1. In a worldwide survey using the same ISAAC questionnaire, the prevalence of asthma was 13.7% 
and 11.6% in 6–7 year old and 13–14 year old children, respectively, indicating that asthma is a common disease 
in children2.

In the treatment and management of asthma, exacerbation is a critical challenge. When exacerbations occur 
due to insufficient management, they not only pose health problems, such as impaired quality of life and affecting 
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patient prognosis, including future deterioration of respiratory function and increased mortality3,4, but also place 
a burden on medical economics, since the medical costs related to exacerbations account for a large proportion 
of the direct costs of asthma treatment5.

To prevent exacerbations, the essential means required are avoidance and elimination of the risk factors in 
daily life, appropriate assessment of the clinical features of exacerbation-prone patients, and the continuous 
control of inflammation and airway dilation with appropriate pharmacotherapy. There are several reports on the 
factors associated with exacerbations, including respiratory infection and concomitant diseases, such as allergic 
rhinitis and chronic sinusitis, as well as the living environment, such as tobacco, dust mites, and pollen, as well 
as the severity and control of asthma6–8. However, it has also been reported that the occurrence of exacerbations 
cannot be sufficiently predicted by the severity and control status alone9. Although respiratory function tests 
using spirometry and fractional exhaled nitric oxide (FeNO) are useful in assessing the control status and predict-
ing exacerbations, it is difficult to perform these tests on younger children because of the difficulty in handling 
them10. In addition, the reimbursement system in the Japanese health insurance system makes it difficult to 
perform FeNO frequently in children. Therefore, there is a need for useful predictors composed of information 
that can be easily obtained during usual practice. The results of a large stakeholder analysis of childhood asthma 
reported by Mathioudakis et al. in 2020 showed that the highest priority unaddressed clinical questions related 
to asthma treatment and management are biomarkers related to the diagnosis, prognosis, and treatment, which 
are important not only for clinicians, researchers, and pharmaceutical companies involved in asthma treatment, 
but also for the affected children and their families11.

Research on the elucidation of the clinical features of asthma exacerbations in children is also called "Thera-
peutic Orphan" due to the difficulties in actively conducting large-scale prospective studies due to the challenges 
in research design and dosage setting, such as the high hurdle of obtaining consent and the diversity of their 
backgrounds12.

In contrast, as a research method other than actual clinical practice, several studies have evaluated the exac-
erbation factors and the usefulness of treatment in children with asthma by the secondary use of routinely col-
lected data, such as administrative health insurance claims data13–15. However, asthma exacerbations may not 
be caused by specific factors alone, but rather by the combination of various backgrounds and environments of 
the affected children, which may determine the individual exacerbation risk. However, to date, there have been 
no reports of such studies using claims data.

Therefore, this study aimed to identify the factors associated with exacerbations of greater than moderate 
severity in pediatric asthma that are highly generalizable and easily obtained during routine clinical practice 
through a comprehensive analysis of the population included in a large claims data set in Japan. In addition, we 
evaluated the composite risk, which is increased by the accumulation of individual risk factors, by calculating 
the risk score.

Methods
Study design and, data source.  This study was a retrospective cohort study that used Japanese claims 
data. The database used in this study was MediScope®, which consists of medical, dental, dispensing, and diag-
nostic procedure combination (DPC) data collected from approximately 70 health insurance associations in 
Japan, and includes information such as age, sex, diagnosis, medication, medical treatment, and the region of 
members and their families16. The database contains approximately 7.2 million unique patients, representing 
5.4% of the Japanese population. In this study, we used a dataset of asthma patients (N = 1,748,111) who had J45 
(asthma) or J46 (asthma attack severity) in the International Classification of Diseases 10th revision (ICD-10) 
between May 2014 and April 2019. Since the data used in this study are already anonymized claims data, it is 
impossible to confirm the authenticity of the listed disease names; however, the validity of the diagnosis was 
subjectively reviewed by one of the authors, KT, a pediatrician.

Study subjects.  In the current study, the patients who met all of the following criteria were included in the 
analysis.

(1)	 Patients who had at least one asthma diagnosis and prescription of asthma medication between the period 
from May 2016 and June 2018. The first day on which the above aforementioned diagnosis and treatment 
occurred in the same month during this period is defined as the “cohort entry date (CED)”.

(2)	 Aged at 5 years or younger at the cohort entry date.

(3)	 Patients with at least two diagnoses of asthma and prescription on the same claim during the period from 
the day after the cohort entry date to one year after the cohort entry date (the “follow-up period”). In addi-
tion, to ensure that children with suspected respiratory infections were not included in the cohort entry 
date for asthma, antibiotics (ICD-10 code: J01) and asthma treatment were not prescribed on the same day 
(following eligibility criteria as well).
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(4)	 Patients who had at least two asthma diagnoses and prescriptions on the same claim during the period from 
the day before the cohort entry date to one 1 year before the cohort entry date (the “look back period”).

(5)	 Patients for whom data existed after the follow-up period and before the look-back period.

Regarding the third criterion, in actual practice in Japan, asthma is sometimes diagnosed in non-asthmatic 
patients to prescribe asthma medication that has no indication for the common cold or allergic rhinitis in chil-
dren. Therefore, to ensure the validity of the fact that the subjects of the present analysis were “asthmatic” patients 
from the standpoint of clinical relevance, we set the criterion of having received the diagnosis and treatment of 
asthma at least twice each in the year before and after the date of cohort participation. The analysis subjects who 
met all the eligibility criteria are shown in Fig. 1.

Study endpoints.  The primary endpoint of this study was to evaluate the association between exacerbation 
events that occurred during the follow-up period and each subject’s background of the subjects using a Cox pro-
portional hazards analysis. In addition to the risk assessment of the individual factors, the comprehensive risk of 
exacerbation, which is increased by the combination of multiple factors, was assessed by calculating a risk score.

Outcomes.  The outcomes were defined using ICD-10 codes for diagnostic information, anatomical thera-
peutic chemical classification system codes (ATC codes) for prescriptions, and Japan-specific standardized 
procedures17. Since only the claims data were available in this study, we were not able to use information on 
various biomarkers for “exacerbation” or “assessment of severity of exacerbation” as indicated in the Interna-
tional consensus on (ICON) pediatric asthma guidelines and other guidelines18. Therefore, we defined medical 
interventions that can be assumed to be closely associated with exacerbations as surrogate indicators of exac-
erbations. Asthmatic exacerbations were defined as hospitalization and administration of intravenous corticos-

Figure 1.   Flow of eligible subjects. CED, cohort entry date.
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teroids, occurring at the same time as the claims of a diagnosis of asthma. The number of days from the cohort 
entry date to the onset of exacerbation was calculated.

Variables.  We extracted information on age, sex, and region at the cohort entry date, as well as information 
on diseases and asthma medications that occurred in the record during the look-back period. Since exacerba-
tions during the look-back period were considered to be closely related to exacerbations during the follow-up 
period, history of exacerbations before the date of cohort entry was considered as a variable.

The odds ratios (ORs) for the occurrence of exacerbations of each code were calculated for all ICD-10 codes 
(2298 codes in the subdivision) that occurred during the look-back period of the eligible subjects. We extracted 
codes with an OR of 95% CI lower limit greater than 1 or an upper limit of less than 1. Subsequently, we excluded 
codes that were used for the reimbursement of prescriptions or clinical tests (e.g., K769 liver disease, K590 con-
stipation) and codes that were considered to be associated with some events and not appropriate as background 
factors (e.g., E86 decreased fluid volume). Finally, the codes were aggregated based on clinical judgment (Sup-
plementary Table S1).

For treatment, the prescription of DSCG (disodium cromoglycate), ICS (inhaled corticosteroid), LTRA (leu-
kotriene receptor antagonist), and SABA (short acting beta-2 agonist) records in the 3 months prior to the cohort 
entry date were tabulated. Of these, “with prescription” was defined as when a record of prescription had occurred 
for 28 days or more. As for the prescription of DSCG, since DSCG is often used as a bulking agent for nebulized 
SABA inhalation, a combined variable with SABA was included in the analysis. Age, sex, exacerbation-free period 
in the look-back period, extracted and aggregated history and complications, and treatment items were used as 
the explanatory variables in subsequent statistical analyses.

Statistical analyses.  To show the distribution of each patient background in the groups with and without 
exacerbations, the mean (SD) or median (IQR) were calculated for continuous variables, and the presence/
absence and percentage (%) were calculated for categorical variables as summary statistics. Chi-squared tests 
and standardized differences between groups were performed for each aggregated background19. Crude ORs 
and 95% CIs were calculated using the presence of exacerbations as the dependent variable and the occurrence 
of each ICD-10 code as the independent variable to identify the patients’ background factors for risk assessment.

In the primary analysis, a Cox proportional hazards analysis was performed to evaluate the association 
between exacerbations and the patient background, using the period (number of days) between the cohort entry 
date and the exacerbation. Sensitivity analysis was performed using classification and regression trees (CART) 
to classify patient background from simply “with” or “without” to “more than” or “less than” the number of 
diagnoses and number of exacerbation-free days before CED. CART is a type of binary decision tree that con-
structs a homogeneous subpopulation by the recursive partitioning of data with a set of branching conditions 
for covariates20. For the survival tree model, p-value adjusted log-rank statistic was applied for the evaluation. 
The purpose of using CART to binarize medical history and other variables in the regression analysis is that, 
in Japan, the names of diseases listed in claims data are often not the same as the names of diseases given for 
some prescriptions or tests. The factors that could not be bifurcated by CART were leveled by their presence or 
absence (0 and > 1).

In the secondary analysis, a risk score was calculated to assess the combined risk of multiple patient back-
grounds. First, we conducted a univariate Cox proportional hazards analysis with time to exacerbation (days) 
as the dependent variable to identify the background factors included in the risk score. The extracted variables 
were then discarded using the stepwise method (both forward and backward selection method based on BIC); 
additionally, and the hazard ratios (HRs) obtained for the selected variables were rounded to the first decimal 
place, and the integer values were used as the scores. Variables for which the lower limit of the 95% confidence 
interval of the hazard ratio was greater than 1 were assigned a positive score, and variables for which the upper 
limit was less than 1 were assigned a negative score. Because the risk score itself ranges widely from − 1 to 14 
points, we classified it into levels according to the size of the risk in consideration of clinical usability. The total 
score for each patient was entered into CART with the time to exacerbation as the dependent variable and leveled 
by risk level, and a Kaplan–Meier curve was created for each level to show the cumulative risk of exacerbation. 
Finally, to validate the risk score, we split the analysis subjects into training data (80%) and test data (20%), 
performed a tenfold cross-validation, and evaluated the validity of the model using Accuracy and area under 
the receiver operating characteristic curve (AUC).

For all statistical analyses, R version 4.10 was used for all statistical analyses (R Core Team (2021). R: A lan-
guage and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL 
https://​www.R-​proje​ct.​org/). The significance level of the test was set at a two-tailed 5% level; and the confidence 
interval was calculated as 95%.

Ethics.  This study used only anonymized claims data and was exempted from ethical review under the Japa-
nese ethical guidelines; additionally , and the Teikyo University Medical Research Ethics Committee determined 
that no referral to the Ethics Review Committee was necessary21. This study was conducted in accordance with 
the Ethical Guidelines for Medical and Health Research Involving Human Subjects (Ministry of Education, 
Culture, Sports, Science and Technology, and Ministry of Health, Labor and Welfare of Japan)21 and reported in 
accordance with the recommendations of the Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE)22.

https://www.R-project.org/
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Results
Baseline characteristics.  The background characteristics of the patients are shown according to the pres-
ence or absence of exacerbations during the follow-up period (Table  1). Of the 14,980 patients included in 
the analyses, 1988 patients (13.3%) had exacerbations. The frequency and proportion of exacerbations by age, 
exacerbation-history, medical history/complications, and asthma treatment are shown in Table 2.

Risk assessment.  Of the 14,980 patients included in the analysis, 1988 patients (13.3%) had exacerbations, 
and the median number of days between the cohort entry date and the onset of exacerbation was 119 days (IQR, 
56, 206). The univariate analysis showed that the factors significantly associated with exacerbation were age (vs. 
aged 2 years or younger; HR 1.12, 95%CI 1.01–1.23), sex (vs. female; 1.19, 1.09–1.31), exacerbation history dur-
ing the look-back period (vs. no exacerbation; 6.46, 5.92–7.06, allergic rhinitis (vs. no; 1.61, 1.42–1.82), chronic 
sinusitis (vs. no; 1.42, 1.29–1.55), otitis media (vs. no; 1.27, 1.17–1.39), otitis externa (vs. no; 1.43, 1.31–1.43), 
blepharitis (vs. no; 1.31, 1.19–1.43), upper respiratory infections (vs. no; 1.34, 1.20–1.50), lower respiratory 
infections (vs. no; 1.64, 1.38–1.94), influenza (vs. no; 1.18, 1.08–1.29), urticaria (vs. no; 1.15, 1.04–1.27), intesti-
nal viral infection (vs. no; 1.44, 1.22–1.70), unspecified site viral/bacterial infection (vs. no; 1.57, 1.39–1.77), ICS 
prescription (vs. No; 1.42, 1.28–1.59), SABA prescription with/without DSCG (vs. no DSCG and SABA; 1.65, 
1.48–1.83).

The results of the multivariate Cox regression analysis on the factors selected by the stepwise method showed 
that the background factors significantly associated with increased exacerbations were age (vs. aged at 2 years 
or younger; 1.14, 1.03–1.25), exacerbation history during the look-back period (vs. no exacerbation; 6.29, 
5.75–6.89), allergic rhinitis (vs. no; 1.35, 1.18–1.53), chronic sinusitis (vs. no; 1.15, 1.04–1.26), otitis externa (vs. 
no; 1.22, 1.12–1.34), blepharitis (vs. no; 1.12, 1.02–1.23), upper respiratory infections (vs. no; 1.12, 1.00–1.26), 
Urticaria (vs. no; 1.11, 1.00–1.23), LTRA prescription (vs. No; 0.87, 0.79–0.94). The Harrell’s c-statistic for the 
multivariate Cox regression model was 0.718 (Table 3).

Risk score.  The risk scores were calculated from the HRs of factors that were significantly associated with 
exacerbations in the multivariate Cox regression analysis (Table 3). The total risk score of each patient was then 
split by CART, resulting in cut-offs of 5, 6, and 9 points, with 5 points or less classified as low risk, 6 points 

Table 1.   Baseline characteristics. Std-diff standardized difference. *P-values were derived from chi-square test.

Non-exacerbation 
group 
(n = 12,992)

Exacerbation 
group 
(n = 1988) Std diff P-value*

Sex, n (%)

Female 5471 42.1% 747 37.6% 0.09  < 0.001

Male 7521 57.9% 1241 62.4%

Age, n (%), years

1 1725 13.3% 240 12.1% 0.04 0.259

2 2542 19.6% 363 18.3% 0.03

3 2855 22.0% 460 23.1% 0.03

4 3018 23.2% 481 24.2% 0.02

5 2852 22.0% 444 22.3% 0.01

Area, n (%)

Hokkaido 528 4.1% 113 5.7% 0.08  < 0.001

Tohoku 1019 7.8% 170 8.6% 0.03

Kita-kanto, Koshin 1001 7.7% 136 6.8% 0.03

Minami-kanto 4574 35.2% 665 33.5% 0.04

Tokai 811 6.2% 217 10.9% 0.17

Hokuriku 544 4.2% 64 3.2% 0.05

Kinki 1761 13.6% 237 11.9% 0.05

Chugoku 509 3.9% 80 4.0% 0.01

Shikoku 266 2.1% 70 3.5% 0.09

Kyushu 1979 15.2% 236 11.9% 0.10

Exacerbation type, n (%)

Hospitalization

 Yes 0 0.0% 637 32.0%

 No 12,992 100.0% 1351 68.0%

Systemic corticosteroids

 Yes 0 0.0% 1482 74.6%

 No 12,992 100.0% 506 25.5%
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as lower-middle risk, 7–9 points as higher-middle risk, and 10 points or more as high risk and the Harrell’s 
c-statistic for the model was 0.696 (Fig. 2a). The results of a tenfold cross-validation of the model for the risk 
score showed that the Accuracy and its 95% CI was 86.7% [85.5–87.9], and the AUC and its 95% CI was 0.700 
[0.673–0.726]. The cumulative events for each level are shown by the Kaplan–Meier curve (Fig. 2b). Finally, the 
results of the sensitivity analysis using CART to classify the level of the variables showed that nine variables 
remained, with a c-statistic of 0.694 (Supplementary Fig. S1).

Discussion
In this study, we extracted the factors significantly associated with the increase or decrease of asthma exacer-
bations in Japanese children with asthma by analyzing the claims data from health insurance. In addition, we 
scored the extracted factors and calculated a four-level risk classification (low to high risk) based on the total 
score according to the magnitude of risk, thereby assessing the combined increased risk.

Table 2.   The frequency and proportion of exacerbations by age, exacerbation-history, medical history/
complications, and asthma treatment. ICS inhaled corticosteroid, DSCG disodium cromoglycate, LTRA​ 
leukotriene receptor antagonist, SABA short acting beta-2 agonist, Std-diff standardized difference. *P-values 
were derived from chi-square test.

Variables, n (%)

Non-
exacerbation 
group 
(n = 12,992)

Exacerbation 
group 
(n = 1988) Std diff P-value*

Age, years

Greater than 2 8725 67.2% 1385 69.7% 0.05 0.027

Exacerbation history

Yes 1545 11.9% 1033 52.0% 0.95  < 0.001

Medical history and complications, n (%)

Allergic rhinitis

 Yes 10,099 77.7% 1695 85.3% 0.19  < 0.001

Chronic sinusitis

 Yes 3360 25.9% 669 33.7% 0.17  < 0.001

Otitis media

 Yes 5438 41.9% 960 48.3% 0.13  < 0.001

Otitis externa

 Yes 5304 40.8% 1001 50.4% 0.19  < 0.001

Blepharitis

 Yes 3605 27.8% 672 33.8% 0.13  < 0.001

Upper respiratory infections

 Yes 9752 75.1% 1599 80.4% 0.13  < 0.001

Lower respiratory infections

 Yes 11,437 88.0% 1840 92.6% 0.15  < 0.001

Influenza

 Yes 7110 54.7% 1175 59.1% 0.09  < 0.001

Dermatitis

 Yes 10,684 82.2% 1660 83.5% 0.03 0.168

Urticaria

 Yes 2990 23.0% 512 25.8% 0.06 0.007

Intestinal viral infection

 Yes 696 5.4% 153 7.7% 0.09  < 0.001

Unspecified site viral/bacterial infection

 Yes 1338 10.3% 311 15.6% 0.16  < 0.001

Asthmatic medication, n (%)

ICS

 Yes 1944 15.0% 407 20.5% 0.14  < 0.001

LTRA​

 Yes 4921 37.9% 794 39.9% 0.04 0.079

DSCG and SABA

 SABA with/without DSCG 1877 14.5% 445 22.4% 0.21  < 0.001

 DSCG without SABA 146 1.1% 25 1.3% 0.01
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The majority of the backgrounds, histories, and comorbidities that were extracted by multivariate Cox pro-
portional hazards analysis and were significantly associated with exacerbations had already been reported in 
previous studies. Previous studies have shown that allergic rhinitis is associated with a high rate of asthma and 
impaired asthma control in pediatric patients with asthma23,24. Chronic sinusitis has also been reported as a risk 
factor25. With regard to the relationship between the upper and lower airways, it has been reported that antigen 
drops into the nasal cavity cause eosinophils to infiltrate the lower airways26, while in asthmatic patients without 
allergic rhinitis, the degree of eosinophil infiltration in the lower airways correlates with eosinophil infiltration 
of the nasal mucosa27. Allergic rhinitis and its impact on asthma (ARIA) have proposed the concept of “One 
airway, one disease”28, and the present study showed reasonable results.

While a number of factors can be interpreted in a way that is consistent with previous studies, some caution 
must be exerted in interpreting the factors that were associated with risk in this study. For otolaryngological 
disease, while previous studies have reported an association between otitis media and exacerbation risk, but not 

Table 3.   Variables selected by stepwise method and risk score. ICS inhaled corticosteroid, DSCG disodium 
cromoglycate, LTRA​ leukotriene receptor antagonist, HR hazard ratio, LCL 95% confidence lower-limit, UCL 
95% confidence upper-limit. *P-values are derived from Cox regression model with variables extracted by 
stepwise method.

Variables Reference

Unadjusted model Adjusted model

P-value* ScoreHR LCL UCL HR LCL UCL

Age, years

Greater than 2 2 or less 1.12 1.01 1.23 1.14 1.03 1.25 0.009 1

Sex

Male Female 1.19 1.09 1.31 1.09 1.00 1.20 0.054

Days without exacerbation, days

Yes No 6.46 5.92 7.06 6.29 5.75 6.89  < 0.001 6

Medical history and complications

Allergic rhinitis

 Yes No 1.61 1.42 1.82 1.35 1.18 1.53  < 0.001 1

Chronic sinusitis

 Yes No 1.42 1.29 1.55 1.15 1.04 1.26 0.006 1

Otitis media

 Yes No 1.27 1.17 1.39

Otitis externa

 Yes No 1.43 1.31 1.57 1.22 1.12 1.34  < 0.001 1

Blepharitis

 Yes No 1.31 1.19 1.43 1.12 1.02 1.23 0.016 1

Upper respiratory infections

 Yes No 1.34 1.20 1.50 1.12 1.00 1.26 0.045 1

Lower respiratory infections

 Yes No 1.64 1.38 1.94

Influenza

 Yes No 1.18 1.08 1.29

Dermatitis

 Yes No 1.08 0.96 1.22

Urticaria

 Yes No 1.15 1.04 1.27 1.11 1.00 1.23 0.042 1

Intestinal viral infection

 Yes No 1.44 1.22 1.70

Unspecified site viral/bacterial infection

 Yes No 1.57 1.39 1.77

Asthmatic medication

ICS

 Yes No 1.42 1.28 1.59

LTRA​

 Yes No 1.08 0.99 1.18 0.87 0.79 0.95 0.002 − 1

DSCG AND SABA

 SABA with/without DSCG No DSCG and SABA 1.65 1.48 1.83

 DSCG without SABA 1.22 0.82 1.81
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Figure 2.   Optimal cut-off point of risk score and cumulative event among risk class. (a) Optimal cut-off point 
of risk score. (b) Difference in cumulative events between 4-level risk score.



9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:5509  | https://doi.org/10.1038/s41598-022-08789-7

www.nature.com/scientificreports/

for otitis externa, in this study, on the contrary, outer ear disease remained a risk factor29. This may be due to 
confounding factors that co-occur with otitis externa; however, it was difficult to fully interpret the cause from 
the database.

As for treatment, the prescription of LTRA within 3 months prior to CED was associated with a lower risk 
of asthma exacerbation. In the PREVIA study, a randomized controlled trial evaluating the efficacy of LTRA in 
children evaluated montelukast or placebo for 1 year for virus-induced asthma exacerbations in children aged 
2–5 years, and showed a 31.9% reduction in exacerbations in the montelukast group compared to the placebo 
group30. In this study, “with LTRA prescription” was defined as those prescribed for 28 days or more in the 
3 months before CED. Additionally, the continuous use of LTRA may have been associated with a lower number 
of exacerbations, indicating that episodic viral wheezing may have been predominant in the eligible patients in 
this study. For DSCG and SABA, the frequent use of SABA prior to CED indicates a recent control status, which 
may suggest that the risk was higher than for children who did not use SABA.

The findings of the present study are consistent with those of previous studies in a variety of aspects. On the 
other hand, when considering the clinical role of “risk factors," the problem has been that asthma exacerbations 
are not caused by a single factor, but are expressed as a variety of phenotypes in combination with a multifactorial 
background, making prediction difficult. In the present study, we calculated the increased risk when multiple 
factors were combined using the following information: baseline age, exacerbations history in the past year, and 
the use of LTRA in the past 3 months; the risk of exacerbation of patients was classified into four levels using 
CART without laboratory or respiratory testing. Therefore, when this risk score algorithm is validated in real-
world clinical practice, this method can be used as an alternative method for assessing the risk of exacerbation 
in children who are reluctant to undergo tests and their parents, and in situations where frequent examinations 
are difficult to perform due to insurance reimbursement. In addition, this approach may be useful for other 
diseases in the pediatric field and for studies of cancer and rare diseases that are difficult to conduct due to vari-
ous challenges. A recent database study by Hatou et al. rated history of previous exacerbations as the highest 
risk score, similar to the present study. In that study, the third highest risk score was prescription of ICS/LABA; 
however, the study included 2–18-year-old, which differed in detail from our study in which the risk score was 
analyzed in Japan in patients under 5 years of age31. Furthermore, the results of the sensitivity analysis using 
CART showed that the c-statistic for the model was 0.694, suggesting that the performance and convenience of 
this simple method can be maintained.

The results and discussion of this study have several limitations. First, because the subjects of this study were 
limited to asthma patients belonging to a health insurance association and their family, the possibility that the 
regional distribution and patient background differ from those of the Japanese population cannot be denied. 
However, in this database, 20.2% of the subjects were under 15 years of age, which was not significantly different 
from the 12.4% of subjects younger than 15 years of age in Japan32. As for regional information, there were no 
major deviations in most prefectures at the prefecture level according to the Vital Statistics of the Ministry of 
Internal Affairs and Communications (Supplementary Table S2). Second, in the Japanese guidelines33, previous 
clinical studies have shown that the living environment, including pets, house dust, family smoking, regional dif-
ferences (urban or rural) in high levels of dextran sulfate sodium, obesity, and pollen have a significant impact on 
asthma exacerbations. In addition, comorbidities such as GERD are listed as potential risks; however, these were 
not sufficiently extracted from this database. In this study, however, we were able to use only the data obtained 
from health insurance claims. Therefore, it is possible that information that was not obtained remains as unmeas-
ured confounders. Third, there is a possibility that the diseases and outcomes specified in the claims records in 
this study do not reflect the actual diseases and outcomes. To ensure the validity of the outcomes, it is desirable 
to conduct an outcome validation. Finally, the c-statistic of the score-based model is limited to 0.696, which 
leaves room for improvement. It would be desirable to improve the model by combining actual clinical data.

Conclusion
In this study, we extracted the factors associated with asthma exacerbations consistent with previous studies and 
evaluated the combined risk by using a retrospective cohort design using only Japanese health insurance claims 
data. The implication of this study is that combining each factor is more helpful in assessing the increased risk 
of asthma exacerbation than assessing each factor alone. In addition, the advantage of this method is that it does 
not require any special tests and can be easily applied to any medical institution. In the future, it will be desirable 
to validate these results in actual clinical practice and improve the accuracy of the method.

Data availability
The data used in this study were provided by INTAGE Real World Inc. and the user agreement does not permit 
the data to be provided to third parties. Interested readers may contact the INTAGE Real World Inc. directly.

Received: 27 December 2021; Accepted: 11 March 2022

References
	 1.	 Ministry of Health, Labor and Welfare. Patient Survey [in Japanese]. https://​www.e-​stat.​go.​jp/​stat-​search/​files?​page=​1&​toukei=​

00450​022&​tstat=​00000​10311​67 [Accessed 28 Nov 2020]. (in Japanese).
	 2.	 Pearce, N. et al. Worldwide trends in the prevalence of asthma symptoms: Phase III of the International Study of Asthma and 

Allergies in Childhood (ISAAC). Thorax 62, 758–766 (2007).
	 3.	 Rennard, S. I. & Farmer, S. G. Exacerbations and progression of disease in asthma and chronic obstructive pulmonary disease. 

Proc. Am. Thorac. Soc. 1, 88–92 (2004).
	 4.	 Omachi, T. A. et al. Risk factors for death in adults with severe asthma. Ann. Allergy Asthma Immunol. 101, 130–136 (2008).

https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450022&tstat=000001031167
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450022&tstat=000001031167


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:5509  | https://doi.org/10.1038/s41598-022-08789-7

www.nature.com/scientificreports/

	 5.	 Antonicelli, L. et al. Asthma severity and medical resource utilisation. Eur. Respir. J. 23, 723–729 (2004).
	 6.	 Kimura, H. et al. Prospective predictors of exacerbation status in severe asthma over a 3-year follow-up. Clin. Exp. Allergy. 48, 

1137–1146 (2018).
	 7.	 Quezada, W. et al. Predictors of asthma exacerbation among patients with poorly controlled asthma espite inhaled corticosteroid 

treatment. Ann. Allergy Asthma Immunol. 116, 112–117 (2016).
	 8.	 Zeiger, R. S. et al. High blood eosinophil count is a risk factor for future asthma exacerbations in adult persistent asthma. J. Allergy 

Clin. Immunol. Pract. 2, 741–750 (2014).
	 9.	 Blakey, J. D. et al. Assessing the risk of attack in the management of asthma: A review and proposal for revision of the current 

control-centred paradigm. Prim. Care Respir. J. 22, 344–352 (2013).
	10.	 Kim, J.-K., Jung, J.-Y., Kim, H., Eom, S.-Y. & Hahn, Y.-S. Combined use of fractional exhaled nitric oxide and bronchodilator 

response in predicting future loss of asthma control among children with atopic asthma. Respirology 22, 466–472 (2017).
	11.	 Mathioudakis, A. G. et al. Research priorities in pediatric asthma: Results of a global survey of multiple stakeholder groups by the 

pediatric asthma in real life (PeARL) think tank. J. Allergy Clin. Immunol. Pract. 8, 1953–1960 (2020).
	12.	 Shirkey, H. C. Therapeutic orphans. J. Pediatr. 2, 119–120 (1968).
	13.	 Park, Y. S., Kim, J. H., Jang, H. J., Tae, Y. H. & Lim, D. H. The effect of Asian dust on asthma by socioeconomic status using national 

health insurance claims data in Korea. Inhal. Toxicol. 28, 1–6 (2016).
	14.	 Friedman, H. S., Urdaneta, E., McLaughlin, J. M. & Navaratnam, P. Mometasone furoate versus beclomethasone dipropionate: 

Effectiveness in patients with mild asthma. Am. J. Manag. Care 16, e151–e156 (2010).
	15.	 Silverman, R. A., Ito, K., Stevenson, L. & Hastings, H. M. The relationship of fall school opening and emergency department asthma 

visits in a large metropolitan area. Arch. Pediatr. Adolesc. Med. 159, 818–823 (2005).
	16.	 Pharmacoepidemiology & Database Taskforce, Japanese Society for Pharmacoepidemiology. Survey of Japanese databases in Japan 

Available for Clinical/Pharmacoepidemiology. https://​sites.​google.​com/​view/​jsped​ataba​seind​ex/​medi-​scope?​authu​ser=0 [Accessed: 
4 Jan 2022]

	17.	 The Medical Procedure Index. Health Service Bureau, Ministry of Health, LABOR and Welfare. http://​www.​iryoh​oken.​go.​jp/​shinr​
yohos​hu/​downl​oadMe​nu/ [Accessed 28 Nov 2020].

	18.	 Papadopoulos, N. G. et al. International consensus on (ICON) pediatric asthma. Allergy 67(8), 976–997. https://​doi.​org/​10.​1111/j.​
1398-​9995.​2012.​02865.x (2012).

	19.	 Austin, P. C. Balance diagnostics for comparing the distribution of baseline covariates between treatment groups in propensity-
score matched samples. Stat. Med. 28, 3083–3107 (2009).

	20.	 Breiman, L., Friedman, J., Stone, C. & Olshen, R. A. Classification and Regression Trees (Chapman & Hall, 1984).
	21.	 Ministry of Education, Culture, Sports, Science and Technology and Ministry of Health, Labour and Welfare. Ethical Guidelines 

for Medical and Health Research Involving Human Subjects. https://​www.​mhlw.​go.​jp/​file/​06-​Seisa​kujou​hou-​10600​000-​Daiji​nkanb​
oukou​seika​gakuka/​00001​53339.​pdf. [Accessed: 28 Nov 2020]. (in Japanese).

	22.	 Elm, E. V. et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for 
reporting observational studies. J. Clin. Epidemiol. 61, 344–349 (2008).

	23.	 Ohta, K. et al. Prevalence and impact of rhinitis in asthma. SACRA, a cross-sectional nation-wide study in Japan. Allergy 66, 
1287–1295 (2011).

	24.	 Groot, E. P., Nijkamp, A., Duiverman, E. J. & Brand, P. L. Allergic rhinitis is associated with poor asthma control in children with 
asthma. Thorax 67, 582–587 (2012).

	25.	 Kang, H. R. et al. Risk factors of asthma exacerbation based on asthma severity: A nationwide population-based observational 
study in South Korea. BMJ Open 8, e020825 (2018).

	26.	 Braunstahl, G. J. et al. Nasal allergen provocation induces adhesion molecule expression and tissue eosinophilia in upper and lower 
airways. J. Allergy Clin. Immunol. 107, 469–476 (2001).

	27.	 Braunstahl, G. J. et al. Segmental bronchial provocation induces nasal inflammation in allergic rhinitis patients. Am. J. Respir. Crit. 
Care Med. 161, 2051–2057 (2000).

	28.	 Bousquet, J., Cauwenberge, P., Khaltaev, N., Aria Workshop Group, World Health Organization. Allergic rhinitis and its impact 
on asthma. J. Allergy Clin. Immunol. 108, S147–S334 (2001).

	29.	 Kim, S. Y., Kim, H. R., Min, C. & Choi, H. G. Bidirectional association between asthma and otitis media in children. Allergy Asthma 
Clin. Immunol. 17(1), 7 (2021).

	30.	 Brodlie, M. et al. Leukotriene receptor antagonists as maintenance and intermittent therapy for episodic viral wheeze in children. 
Cochrane Database Syst Rev. 10, CD008202 (2015).

	31.	 Hatoun, J., Correa, E. T., MacGinnitie, A. J., Gaffin, J. M. & Vernacchio, L. Development and validation of the asthma exacerbation 
risk score using claims data. Acad. Pediatr. 22(1), 47–54. https://​doi.​org/​10.​1016/j.​acap.​2021.​07.​005 (2022).

	32.	 Japan Statistics Bureau. Ministry of Internal Affairs. Population Estimates (Table 2). https://​www.e-​stat.​go.​jp/​en/​stat-​search/​files?​
page=​1&​layout=​datal​ist&​toukei=​00200​524&​tstat=​00000​00900​01&​cycle=​7&​year=​20160​&​month=​0&​tclas​s1=​00000​10116​79&​
result_​back=​1&​cycle_​facet=​tclas​s1%​3Acyc​le&​tclas​s2val=0 [Accessed: 7 Nov 2021].

	33.	 Arakawa, H., Adachi, Y., Ebisawa, M., Fujisawa, T., Committee for Japanese Pediatric Guideline for Childhood Asthma; Japanese 
Society of Pediatric Allergy and Clinical Immunology; Japanese Society of Allergology. Japanese guidelines for childhood asthma 
2020. Allergol. Int. 69(3), 314–330. https://​doi.​org/​10.​1016/j.​alit.​2020.​02.​005 (2020).

Acknowledgements
We thank Honyaku Center, Inc. (https://​www.​honya​kucen​ter.​jp/) for their support in English editing.

Author contributions
All authors contributed to the concept and design of this study and are responsible for the work and results.K.T. 
mainly reviewed the validity of diagnosis from the viewpoint of clinical plausibility as a pediatrician.All authors 
prepared and reviewed the manuscript and agreed to submit it for publication.Sh.M., Sa.M. were responsible for 
access to data and statistical analysis.

Competing interests 
Shotaro M. is a full-time employee of Kyorin Pharmaceutical Co. and the data used in this study were provided 
from Kyorin. Kenzo T. reports personal fees from Novartis Pharma, Japan as a lecture reward, outside the sub-
mitted work. Shigetoshi K and Satoshi M. have no specific COI to disclose for this study.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​08789-7.

https://sites.google.com/view/jspedatabaseindex/medi-scope?authuser=0
http://www.iryohoken.go.jp/shinryohoshu/downloadMenu/
http://www.iryohoken.go.jp/shinryohoshu/downloadMenu/
https://doi.org/10.1111/j.1398-9995.2012.02865.x
https://doi.org/10.1111/j.1398-9995.2012.02865.x
https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000153339.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000153339.pdf
https://doi.org/10.1016/j.acap.2021.07.005
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&year=20160&month=0&tclass1=000001011679&result_back=1&cycle_facet=tclass1%3Acycle&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&year=20160&month=0&tclass1=000001011679&result_back=1&cycle_facet=tclass1%3Acycle&tclass2val=0
https://www.e-stat.go.jp/en/stat-search/files?page=1&layout=datalist&toukei=00200524&tstat=000000090001&cycle=7&year=20160&month=0&tclass1=000001011679&result_back=1&cycle_facet=tclass1%3Acycle&tclass2val=0
https://doi.org/10.1016/j.alit.2020.02.005
https://www.honyakucenter.jp/
https://doi.org/10.1038/s41598-022-08789-7
https://doi.org/10.1038/s41598-022-08789-7


11

Vol.:(0123456789)

Scientific Reports |         (2022) 12:5509  | https://doi.org/10.1038/s41598-022-08789-7

www.nature.com/scientificreports/

Correspondence and requests for materials should be addressed to S.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association of comorbidities and medications with risk of asthma exacerbation in pediatric patients: a retrospective study using Japanese claims data
	Methods
	Study design and, data source. 
	Study subjects. 
	Study endpoints. 
	Outcomes. 
	Variables. 
	Statistical analyses. 
	Ethics. 

	Results
	Baseline characteristics. 
	Risk assessment. 
	Risk score. 

	Discussion
	Conclusion
	References
	Acknowledgements


