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Abstract

Background: Professional society guidelines recommend agabusine early antibiotic use in
the treatment of asthma exacerbation without coiddracterial infection. However, high
antibiotic prescribing rates have been reportedeveloped countries,

Objective: We assessed the effectiveness of this stratetipeiroutine care of children.

Methods: Using data on 48,743 children hospitalized fohist exacerbation with no indication
of bacterial infection during 2010-2018, we conédch retrospective cohort study to compare
clinical outcomes and resource utilization betweleitdren who received early antibiotic
treatment and those who did not.

Results: Overall, 19,866 children (41%) received early laiotic treatment. According to the
propensity score matching analysis, children wéhyeantibiotic treatment had longer hospital
stay (mean difference, 0.21 days; 95% confidenisval [CI], 0.18-0.28), higher
hospitalization costs (mean difference, 83.5 U%adsil 95% CI, 62.9-104.0), and higher risk of
probiotic use (risk ratio, 2.01; 95% CI, 1.81-2.#8n children who did not receive early
antibiotic therapy. Similar results were found framaerse probability of treatment weighting, G-
computation, and instrumental variable methodssemgitivity analyses. The risks of
mechanical ventilation and 30-day readmission serglar between the groups or slightly
higher in the treated group, depending on thessizdi models.

Conclusions. Antibiotic therapy may be associated with prolahgespital stay, elevated
hospitalization costs, and high risk of probiotszwvithout improving treatment failure and
readmission. Our findings highlight the need fatugng inappropriate antibiotic use among
children hospitalized for asthma.

Clinical implications:

Antibiotics may not be associated with better clshioutcomes and should not be routinely
prescribed in children hospitalized for asthma @edted with corticosteroids and inhaled short-
actingf3-agonists.

Capsulesummary:

Early antibiotic therapy was associated with prgkehhospital stay, elevated hospitalization
costs, and risk of probiotic use without improvihe risks of treatment failure and readmission
among children hospitalized for asthma.

Abbreviation:

short-acting3,-agonists, SABASs; the Diagnosis Procedure ComlmnaPC; the International
Classification of Diseases, 10th revision, ICD-US dollars, USD; propensity score, PS;
inverse probability of treatment weighting, IPTWsirumental variable, IV; standard deviation,
SD; average treatment effects on the treated, AV&rage treatment effect, ATE; Japanese Yen,
JPY; mean difference, MD,; risk ratio, RR; Confideniterval, CI,
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Introduction

Asthma is the most common chronic lung conditiorcimidren. Asthma exacerbation
cases are responsible for a large number of emeygdepartment visits, hospitalization, and
healthcare expenditures each year in the most algselcountries.(1,2) In Japan, asthma affects
8-13% of children.(3,4) Among them, approximatel§%d were uncontrolled and < 5%
experienced severe wheeze in the past year.(4&rding to most guidelines for the treatment

of patients hospitalized for asthma exacerbafti®r,) the standard treatments consist of oxygen

administration, inhaled short-actir§3-agonists (SABASs), and systemic corticosteroidsm&o
current guidelines(6,8) recommended against routamibiotic prescription for asthma
exacerbations in the absence of concurrent bakterfactions because respiratory viral
infections are the major cause of asthma exacerizm(P,10) Although a previous study based
on a large database reported adherence to thodeliges and variation in treatment patterns in

adults,(11) data derived from a pediatric populatee still lacking.

Recent findings suggest the benefits of long-tentibatic use for individuals with
persistent uncontrolled asthma in terms of redutignumber of asthma exacerbation events
and improving the quality of life of patients.(12h1Additionally, several clinical trials
suggested the potential benefits of early antibidteatment (especially for macrolides) for
asthma exacerbation among adults and children337) However, caution is needed in
interpreting the findings obtained from the idegitieg of randomized controlled trials because
the real-world effectiveness under the usual cistanmces of healthcare practice remain unclear
owing to differences in the population of interaihess severity, underlying conditions, and

causative agents of asthma exacerbations.(9) Indeadicting evidence have emerged from a
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large observational study, suggesting that earhjbiatic treatment has no clear benefits for
adults with asthma execerbation.(1) Furthermoreyparative effectiveness studies on routine
antibiotic use in pediatric asthma are still lagkimherefore, we sought to evaluate the potential
effects of antibiotics when added to corticostesoathd SABAs on clinical outcomes in the
treatment of asthma exacerbation, to solve thesisdithe limited generalizability of previous
findings to the routine care of children. For tpisrpose, we conducted a retrospective cohort
study among children hospitalized with asthma ie #bsence of indication for bacterial
infections. We hypothesized that the addition afyeantibiotic use to standard treatment would

not produce further clinical benefits.
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M ethods

Study design and data sour ce

We conducted a retrospective cohort study usiegDifagnosis Procedure Combination
(DPC) inpatient database between July 1, 2010Mardh 31, 2018. The details of the database
have been described elsewhere.(18) Briefly, itaiostdata collected from > 1000 hospitals and
covers up to 55% of all inpatient admissions ta@@are hospitals in Japan. The database stores
hospital discharge records and administrative dailata for approximately 7 million inpatients
per year. It includes information on the followirgatient’s diagnosis; preexisting comorbidities
at admission; complications during hospitalizatig@tient’'s age, sex, and body weight and
height; and dates of procedures and treatmentsro&ppfor the present study was obtained
from the institutional review board at The Univéysiof Tokyo. The board waived the

requirement for informed consent because of the@ynous nature of the data.

We included pediatric inpatients aged between Bthsand 15 years with a diagnosis of
asthma exacerbation. Hospitalizations for asthmacerbation were defined using the
International Classification of Diseases, 10th sn (ICD-10) code, as a primary diagnosis of
asthma or a principal diagnosis of acute respiydi@iture combined with a secondary diagnosis
of asthma (Supplemental Table 1). To avoid misdiaaton and maximize the accuracy of the
asthma diagnosis, we restricted the analyses tatiergs treated with intravenous systemic
corticosteroids and short-actifi)g stimulant inhalation, because these medicatioasamrently
considered the standard therapy for moderate terseasthma exacerbation.(19) We excluded
patients with potential indications for antibiotieatment based on the diagnoses at admission

(Supplemental Table 1), diagnostic procedures (chetptomography and blood culture), and
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treatments (neuraminidase inhibitors and antifuraggnts). Patients treated with neuraminidase
inhibitors were excluded because children hospgdlifor influenza treatment could have
concurrent bacterial infections.(20) Patients veitinonic medical conditions were also excluded
from the analyse<Chronic medical conditions were defined accordimghte pediatric complex
chronic conditions classification system versio2P2) When a patient had more than one

admission during the study period, we randomlycetéone admission.

M easurements of variables

We defined early antibiotic treatment as antiloidtierapy initiated during the first 2 days
of hospitalization. Antibiotics were categorizedoirthe following groups: penicillin, macrolides,
cephalosporins, quinolones, tetracyclines, andrastpes (Supplemental Table 2). In the primary
analysis, patients who started antibiotic therdjpsralay 2 of hospitalization were considered the
untreated group because later treatment couldnbarker of patient deterioration and a mediator

of the causal pathway from early treatment to tlie@mes of interest.

Our primary outcome of interest was the mean lergjt hospital stay in days. The
secondary outcomes were hospitalization costs in ddfars (USD), risk of invasive or
noninvasive mechanical ventilation during hosptation, risk of 30-day readmission, and risk
of probiotic use after 2 days of hospitalizatioraasindication for antibiotic-associated diarrhea.
In Japan, the payment for hospitalization cosfffisred by a universal health care insurance and
the fees are set by a government committee. Theroy exchange rate was set at 100 Japanese

yen per USD.

The patient characteristics included age, sexghtestatus (thin, normal, overweight, or
obese), preexisting comorbidities (food allergylerglic rhinitis, and atopic dermatitis),

admission to academic hospitals, ambulance usderey in the ordinance-designated city, and

7
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medications used within the first 2 days of hodgziéion. These variables were selected as
potential confounders based on our best prior kadgé from previous study findings.(22-25)
The weight status was determined using z-scoreseifht-for-length (for patients aged < 2
years), weight-for-height (for patients aged 2—-&rgg or body mass index for age (for patients
aged > 5 years) calculated from the child growthierences of the World Health
Organization.(26) Preexisting comorbidities wereeniified based on ICD-10 codes
(Supplemental Table 1). The medications used withénfirst 2 days of hospitalization included
antitussives, mucolytics, antihistamines, leukoigieeceptor antagonists, xanthifiestimulants,

an inhaled corticosteroid, and acetaminophen (&umpghtal Table 2 and 3).

Statistical analysis

Baseline characteristics are summarized as meahgm@portions for continuous and
categorical variables. We calculated the propostioihpatients who received the initial antibiotic
treatment given all inpatients with asthma and rasireed the variabilities across hospitals that

had at least 50 inpatients over the study period.

To estimate the effects of initial antibiotic trewnt on the outcomes of interest among
pediatric inpatients with asthma exacerbation, veedufour different statistical methods:
propensity score (PS) matching, stabilized inversbability of treatment weighting (IPTW), G-
computation algorithm, and instrumental variabl¥)(Inethod. PS matching is a statistical
technique used to account for potential confountlesugh matching based on the probability
of treatment assignment conditional on observeelives covariates (PSs).(27) We calculated
PSs using multivariable logistic regression moaeld conducted one-to-one matching between
individuals of the treated and untreated groupsigishe nearest-neighbor methods within a

caliper distance of < 20% of standard deviation)(8D PS. We checked the balance between
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the two groups based on absolute standardizedrefiifes.(27) An absolute standardized
difference of > 10% was considered a meaningfulaliece. After PS matching, we compared
the outcomes of interest between the matched growpgch was considered the average

treatment effects on the treated (ATTS).

As PS matching is unable to estimate average tedtmffects (ATEs) and may have
limited generalizability from the matched populatito the overall population, we applied G-
methods. The G-methods were designed to estimatenttiginal causal effects using marginal
structural models (MSMs).(28) The parameters of MSMn be estimated using two classes of
estimators: IPTW and the G-computation algorith®).(lPTW creates a pseudo-population in
which the treatment is independent of the measpogential confounders so that the weighted
treatment effect estimates will be unbiased.(30)WWPcan estimate ATEs and ATTs over the
marginal distribution of observed covariates. Wepliga stabilized IPTW rather than
unstabilized IPTW because stabilized IPTW can puesé¢he original sample size, produce
appropriate variance estimates in the treatmeettsff and adequately control type | errors.(31)
Correct model specifications were checked accorthirthe average of stabilized IPWs (IPW for

the ATE model, mean 1.0 [SD, 0.3]; IPW for the Ambdel, 1.0 [SD, 0.5]).

To check the robustness of parameters in MSMs tRIW, we analyzed data using the
G-computation algorithm. G-computation is commomlgnsidered an alternative to IPTW
because it produces more efficient and stable astgsrand can better handle heterogeneity than
IPTW.(28,32) G-computation can be conducted bytorggseudo-observations for each study
participant and uniformly setting treatments oenesst for all observations, and by imputing the
counterfactual outcomes from the observed dat&228:or this method, we estimated both

ATEs and ATTs, and estimated standard errors anfidemce limits through bootstrapping.
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The IV method can be employed to infer causal edBms even in the presence of
unobserved confounders if the IV meets the follgviaur assumptions: 1) relevance (IV has
effects on exposure of interest), 2) exclusionriegin (IV affects the outcome only through
exposure), 3) exchangeability (ignorable treatmasdgignment; IV does not share common
causes with outcome), and 4) monotonicity.(33,34) Wged a grouped-treatment approach, a
form of IV analysis that assigns a probability eteiving antibiotic treatment at the hospital

level as a valid instrument.(35) The ATEs wereneated using a two-stage least-square method.

We conducted several sensitivity analyses usingWlPand IV methods. First, we
excluded patients who received antibiotic theraftgeraday 2 of hospitalization from the
untreated group. Second, we excluded missing dateetght status. Third, we stratified the data
based on age categories (< 2, 2-5, and 6-15 yeamns),types of antibiotics (penicillin,
macrolides, and cephalosporin). Forth, we used rgéped linear models with gamma
distribution to deal with skewed distribution ofntmuous variables under stabilized IPTW.
Fifth, we excluded patients who were admitted te hHospitals where > 90% or < 10% of
inpatients received antibiotics. Sixth, we haveoatted for the inflation of healthcare costs and
currency valuations between JPY and USD during 22Q08, with 2018 as a reference year, to
estimate the mean difference in hospitalizationtscoEhe effect estimates were reported with
95% confidence intervals (Cls). All data were amaly using Stata software version 15.1

(StataCorp LP, College Station, TX, USA).
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Results

We identified a total of 48,743 children eligibler four study. Overall, 19,866 patients
(40.8%) received antibiotics within the first 2 dayf their hospitalization. The most commonly
prescribed antibiotics were macrolide (7986 pasied0.2%]), cephalosporin (4802 patients
[24.2%)]), and penicillin (4150 patients [20.9%]u(plemental Table 4), with wide variations in
antibiotic use across hospitals (Figure 1). A tahll452 patients (3.0%) received antibiotics

after hospital day 2 (Supplemental Table 5).

The baseline characteristics are summarized ineTabIChildren with early antibiotic
treatment were more likely to be younger (4.1 v8.ykars); more likely to receive tipepidine (a
synthetic, non-opioid antitussive of thiambutendsss) (36.3% vs. 22.1%), first-generation
antihistamine (9.5% vs. 3.5%), leukotriene receptaiagonist (74.5% vs. 69.5%3, receptor-
stimulant tape (46.1% vs. 35.4%), or acetaminop{i®19% vs. 8.9%); and less likely to be
admitted to academic hospitals (5.9% vs. 10.4%erAPS matching, the baseline characteristics

were well balanced between the two groups.

According to the PS matching analysis (Supplemeaitld 6), children in the early
treatment group had slightly longer hospital stayedn difference [MD], 0.21 days; 95% ClI,
0.17-0.25; Figure 2A), higher hospitalization codt, 83.5 USD; 95% CI, 62.9-104; Figure
2B), and higher risks of requiring mechanical Vatibn (risk ratio [RR], 2.06; 95% CI, 0.02—
0.18; Figure 2C). Treatment with injection drugsswiiae most important contributor to increased
hospitalization costs (Supplemental Table 7). Tisk of 30-day readmission was almost
identical between the treated and untreated grégps 0.90; 95% CI, 0.70-1.16; Figure 2D),

whereas the risk of probiotic use was higher inehdy treatment group (RR, 2.01; 95% ClI,

11
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1.81-2.23). Similar results were observed when wplied IPTW and the G-computation
algorithm for ATEs and ATTs. IV analyses did notbghthe same findings in the risks of
mechanical ventilation and 30-day readmission, e&erthe length of stay, costs, and risk of

receiving probiotics were almost similar to thoseiher statistical methods.

Sensitivity analyses were conducted using IPTW (ARd ATT) and IV methods. First,
when we excluded patients with delayed antibioteatment (Supplemental Table 8), early
antibiotic treatment did not show any clear besefit terms of the duration of hospitalization;
healthcare costs; and risks of mechanical verdilatB0-day readmission, and probiotic use
(Supplemental Table 8). Second, similar patternseevieund when we excluded patients with
missing data on weight status (Supplemental Tahler'Sird, when we stratified the data on
types of antibiotics (Supplemental Table 10 andufég3A), the RR of probiotic use was higher
in those treated with cephalosporin and penicttian in those treated with macrolides. When
we stratified the data by age categories (Suppléaherable 11), the RRs of mechanical
ventilation among children aged 2-5 and > 6 yehowed the same direction across different
statistical models; however, the estimates wererempe with wide Cls (Figure 3B). Fourth,
when we used generalized linear models with gamistallition, similar results were obtained
(Supplemental Table 12). Fifth, we observed sineffect estimates when we exclude data for
patients who were admitted to hospitals that ha®% of inpatients or > 90% of inpatients who
received antibiotics (Supplemental Table 13). Sixtthen we accounted for inflation of
healthcare costs in Japan and currency valuatietvgelen Japan and USD, we observed higher

hospitalization costs in the early antibiotic treaht groups (Supplemental Table 14).
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Discussion

In this large study based on a national databasle approximately 48,000 children
hospitalized for asthma exacerbation, we found ttestrly 41% of children hospitalized for
asthma received early antibiotic treatment in theeace of indications for bacterial infection.
We observed wide variations in antibiotic use athbspital level. Early antibiotic treatment did
not show any clear clinical benefits but was rat&sociated with very slightly longer hospital
stay and healthcare costs, and slightly higher afsknechanical ventilation. These results were
consistent among different statistical models amalsgivity analyses performed to reduce the
potential selection bias, misclassification, unnuead confounding, and model misspecification.
Our findings reflect the setting of routine care ébildren with asthma and strongly support the
current recommendation against routine antibiose in the absence of comorbid bacterial
infection. Additionally, our findings highlight theeed for further interventions to promote

appropriate antibiotic treatment in the settingpedliatric asthma exacerbation.

Evidence about antibiotic treatment for asthma estzation has been limited and derived
from randomized controlled trials, mainly in adult?,17) For example, one trial in adults with
asthma exacerbation revealed that treatment wittrohdes (telithromycin) was associated with
improvement of respiratory function; however, apjmately 60% of individuals had either
Mycoplasma pneumoniae or Chlamydophila pneumoniae infections, while the findings suggest
antimicrobial effects when specific organisms amspnt.(17) In addition, generalizability of the
results to children hospitalized with asthma exaagon could be limited because respiratory
viral infections are the major cause of asthma esation$° Several clinical trials in
preschool children with a history of wheeze showat early administration of azithromycin
reduced the duration of symptoms and mitigated ilreess severity, suggesting anti-

13
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inflammatory and/or immunomodulation effects.(13,R&cently, a retrospective observational
study in approximately 20,000 adults with asthmacexbation found that antibiotic therapy
could be related to longer hospital stay, highespital cost, and similar risks of treatment
failure(1). Correspondingly, similar findings weobserved from a retrospective observational
study with approximately 5000 children hospitalizis asthma exacerbation(36); however,
these findings were limited by the small sample sizthe antibiotic therapy group (n = 174) and
the use of only one type of antibiotic (azithrormyciOur results extend the prior findings and
confirm the lack of benefits of early treatment hwiantibiotics, including macrolide,

cephalosporin, and penicillin, when added to systerorticosteroids and SABA inhalation

among children hospitalized for asthma exacerbaitiothe absence of evidence of bacterial

infection.

The overuse and misuse of antibiotics are impopabtic health problems because they
can be responsible for the increase in healthcgpergliture, elevated risks of adverse events,
and development of antimicrobial resistance.(37¢dRe data on the consumption of antibiotic
formulations in children showed that Japan was wloest country among 36 high-income
countries in terms of appropriate use of antibg(®7) These findings were consistent with
those of our previous studies with respect to eseand physician preference of broad-spectrum
antibiotics in common pediatric infectious disea@3-41) The discontinuation of ineffective,
inappropriate, or potentially harmful treatment nizy necessary for sustainable medicine. A
previous study in the US based on a large datalepeeted that 60% of adults hospitalized with
asthma received antibiotics in the absence of @ication for antibiotics with a wide variation in
antibiotic treatment patterns in adults.(11) Cgroeslingly, our study found that approximately

40% of pediatric inpatients with asthma exacerlatieceived antibiotic treatments, and this

14
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practice was highly variable across different htzdpi(some hospitals rarely used antibiotics,
whereas other hospitals almost always used aritib)psuggesting a clear need for education on
best practices. The potential reasons for the réifiterates of antibiotic use at the hospital level
include the difficulty of differentiating bacterilom nonbacterial infections, fear of treatment
failure, and gaps in knowledge about the benefitardibiotic therapy. Our findings on the

widely different practice patterns across hospiédla national level clearly indicate the need for
further study to understand what institutional elcéeristics drove these differences and the
promotion for discontinuation of unnecessary antibs in children with asthma exacerbation to
optimize antibiotic use because early antibiotieatment lacks sufficient evidence for

effectiveness, is against the epidemiological ewtgeon the role of viral infections in asthma

exacerbation,(9) and could lead to the emergencesidtant strains.

This study had several limitations. Although we docted several different statistical
analyses to control for potential confounders amdieh misspecification, these biases could be
inherent in our study. For example, the diagnodgsr@existing comorbidities may have been
underestimated because of possible underreportingotential misclassification of 1CD-10
codes, resulting in biases toward either directibime detailed clinical presentation (e.g., the
length of symptoms preceding the admission), laboyadata, prescriptions before admission,
and patient information were unavailable in the D&&abase, which may have resulted in
residual confounding and confounding by the indacabf therapy. For instance, the choice to
treat with early antibiotics could be associatethvgeverity on presentation, while we were
trying to account for illness severity by adjustiftg baseline characteristics and adjunctive
treatment as a proxy of severity. Propensity socaaéching and all G-methods were not able to

account for the unmeasured confounders. However,ahdlyses could account for these

15



331 unobserved covariates, although some findings iMranalyses were imprecise with wide Cls,
332 possibly owing to rare outcomes. Although we chdcke correct model specifications for PS
333 and IPTW, model misspecification might induce sobi@s. However, the findings from G-
334 computation analyses reached the same resultsgstigg the robustness of our results. In one of
335 the sensitivity analyses, we excluded children wceived antibiotics after 2 days of their
336  hospitalization referring to the methods in preg@iudy. However, this method could lead to
337 block the causal pathway from the treatment of rese to outcome and induce collider-
338  stratification bias, although our findings in thensitivity analyses were closer to the main
339 results. Caution is needed to interpret the timafigantibiotic use because we defined early
340 antimicrobial therapy based on any antibiotic usthiw 2 days of hospitalization, not based on
341 the start of asthma symptoms. Also, careful inttairon is required for healthcare costs for
342  pediatric inpatients with asthma based on the wiffee between Japan (mean healthcare costs,
343 2000 USD per pediatric inpatient) and the US (mieaalthcare cost, 10000 USD per pediatric
344  inpatient).(25) We observed difference in healtbeansts between the early antibiotic group and
345  control group by 50-80 USD per patient, but thislddoe clinically insignificant. Although the
346 utilization of a national representative inpatidatabase was the strength of our study in terms
347 of generalizability, the translatability of our €iimgs to external populations may still be
348 uncertain. Further studies are desirable to spksients for whom antibiotics are indicated based

349  on asthma phenotypes.(42,43)

350 In summary, early antibiotic treatment for ped@a@sthma exacerbation was associated
351 with longer hospital stay, higher healthcare coats] higher risks of probiotic use without
352 improving the risks of treatment failure and 30-dagdmission. Our results support the current

353 clinical guidelines that recommend against theineutise of antibiotics for asthma exacerbation.
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Further studies and interventions are needed tace=thappropriate antibiotic use in children

hospitalized for asthma exacerbation.

FigureLegends

Figure 1. Proportions of antibiotic use among aleitdhospitalized for asthma at the hospital

level, with 95% confidence intervals

Figure 2. Associations between early antibiotic aisé clinical outcomes in terms of length of
hospital stay (A), hospitalization cost (B), medeahventilation (C), 30-day readmission (D),

and probiotic use (E)

Figure 3. Sensitivity analyses for the associalietween early antibiotic use and risk of

probiotic use by antibiotic types (A) and risk oéohanical ventilation by age categories (B)
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Tablel. Basdline characteristics between those who received antibiotics and those who did not within 2 days of
hospitalization before and after propensity score (PS) matching.

Before PS matching

After PS matching

Antibiotics Untreated Treated StdDiff Untreated Treated StdDiff
(N=28,877) (N =19,866) (%) (N=17,596) (N =17,596) (%)
Patient characteristics
Age, mean (SD) 4.8 (3.5) 4.1 (3.2) 19.8 4.3 (3.2) 4.3 (3.3) 0.1
Male, N (%) 18,048 (63.8) 12,102 (60.9) 59 10,858 (61.7) 10,852 (61.7)  0.07
Weight status, N (%)
Thin 1732 (6.0) 1304 (6.6) -2.3 1138 (6.5) 1147 (6.5) -0.2
Normal 16,285 (56.4) 11,052 (55.6) 1.2 9831 (55.9) 9861 (56.0) -0.32
Overweight 2295 (8.0) 1490 (7.5) 1.7 1328 (7.5) 1329 (7.6) -0.02
Obesity 2326 (8.1) 1462 (7.4) 2.6 1332 (7.6) 1333 (7.6) -0.02
Missing 6239 (21.6) 4558 (22.9) -3.2 3967 (22.5) 3926 (22.3) 0.56
Past medical history
Food allergy, N (%) 430 (1.5) 244 (1.2) 2.3 215(1.2) 228 (1.3) -0.6
Allergic rhinitis, N (%) 1323 (4.6) 1159 (5.8) -5.7 938 (5.3) 899 (5.1) 1.0
Atopic dermatitis, N (%) 855 (3.0) 559 (2.8) 0.9 502 (2.9) 505 (2.9) -0.1
Ambulanceuse, N (%) 1785 (6.2) 931 (4.7) 6.6 854 (5.0) 872 (5.0) -0.5
Academic hospital, N (%) 3000 (10.4) 1175 (5.9) 16.4 1181 (6.6) 1156 (6.6) 0.6
Ordinance-designated city, N (%) 6915 (23.9) 4164 (21.0) 7.2 3767 (21.5) 3777 (21.5) -0.1
Seasonality
Spring, N (%) 6125 (21.2) 4069 (20.5) 1.8 3566 (20.3) 3617 (20.6) -0.7
Summer, N (%) 6266 (21.7) 4767 (24.0) -5.5 4118 (23.4) 4124 (23.4) -0.1
Fall, N (%) 12,485 (43.2) 8219 (41.4) 3.8 7436 (42.3) 7401 (42.1) 0.4
Winter, N (%) 4001 (13.9) 2811 (14.1) -0.1 2476 (14.1) 2454 (13.9) 0.4
Treatment, N (%)
Dextromethorphan 448 (1.6) 497 (2.5) -6.8 382 (2.2) 375(2.1) 0.3
Tipepidine 6377 (22.1) 7211 (36.3) -31.6 5504 (31.3) 5441 (30.9) 0.7
Other antitussives 664 (2.3) 628 (3.2) -5.3 534 (3.0) 533 (3.0) 0.03
Mucolytics 19,670 (68.1) 15,006 (75.5) -16.5 13,106 (74.2) 13,047 (74.2) 0.8
Airway lubricant 11,875(41.1) 8237 (41.5) -0.7 7424 (42.3) 7473 (42.5) -0.6
Tranexamic acid 130 (0.5) 167 (0.8) -4.9 118 (0.7) 116 (0.7) 0.1
1% generation AH 1017 (3.5) 1893 (9.5) -24.5 894 (5.6) 805 (4.6) 4.6
2" generation sedative AH 603 (2.1) 770 (3.9 -10.5 529 (3.0 497 (2.8) 1.0
2" generation non-sedative AH 1255 (4.4) 1060 (5.4) -4.7 888 (5.0 901 (5.1) -0.3
Leukotriene receptor antagonist 20,072 (69.5) 14,716 (74.5) -10.1  12,823(729) 12,860(73.1) -05
Other antiallergic medication 11,773 (40.8) 8416 (42.4) -3.3 7384 (42.0) 7318 (41.6) 0.8
Xanthine 2129 (7.4) 1614 (8.2) -2.9 1393 (7.9) 1395 (7.9) -0.04
Beta-2 receptor-stimulant, i.v. 322 (1.1) 259 (1.3) -1.6 221 (1.3) 228 (1.3) -04
Beta-2 receptor-stimulant, p.o. 6780 (23.5) 5314 (26.7) -7.5 4622 (26.3) 4685 (26.6) -0.8
Beta-2 receptor-stimulant, tape 10,207 (35.4) 9147 (46.1) -21.9 7553 (42.9) 7541 (42.9) 0.1
Inhaled corticosteroid 2845 (9.6) 2350 (11.9) -6.5 1945 (11.1) 1957 (11.1) -0.2
H2 blocker 163 (0.6) 224 (1.3) -6.1 135(0.7) 124 (0.7) 0.7
Acetaminophen 2568 (8.9) 3369 (16.9) 24.2 2300 (13.1) 2169 (12.3) 2.2
Clinical outcomes
Length of hospital stay, day (SD) 55(2.4) 5.7(2.2) 55(2.4) 5.7(2.2)
Mechanica ventilation, N (%) 31(0.12) 36 (0.18) 17 (0.09) 35(0.2)
Healthcare cost, mean USD (SD) 2254.2 (1012) 2304.2 (964.4) 2221.6 (994) 2305 (734.3)
30-day readmission, N (%) 191 (0.66) 135 (0.67) 125 (0.71) 112 (0.63)
Probiotics prescription, N (%) 763 (3.1) 1137 (5.7) 494 (2.8) 992 (5.6)




Std Diff, standardized difference; SD, standard deviation; AH, antihistamine; i.v., intravenous; p.o., per os;
USD, Japanese yen



Antibiotic prescription (%)

100 -

80 -

650

40+

204

1 95%Cls

« Antibiotic use (%)

I I 1
100 150 200

Hospital Ranks

|
250

I
300

1
350



Favor Favor

EAn‘tinggics NEo Jﬂlntgngoiics

Crude 0.21(0.17 to 0.25) | =2 Phasel M [Early Phase]
PS matching 0.21 (0.17 to 0.25) +Ho+
IPTW (ATE) 0.24 (0.20 to 0.28) : HH
IPTW (ATT) 0.21 (0.16 to 0.30) HOH
g-computation (ATE) 0.22 (0.18 to 0.30) H—
g-computation (ATT) 0.24 (0.19 to 0.33) i Ho—
Instrumental variable 0.21 (0.16 to 0.26) g

—r+~ - r - T 1 T r T 1 r T T

-1 -5 0 5 1

Mean difference in length of stay (days)
(95% confidence interaval)



Crude 50.0 (32.0t0 67.9)
PS matching 83.5 (62.9 to 104.0)
IPTW(ATE) 89.9 (70.2 t0 109.5)
IPTW(ATT) 76.4 (56.8 to 96.0)

g-computation(ATE) 79.3 (51.6 to 103.3)
g-computation(ATT) 86.6 (53.8 to 104.2)

Instrumental variable 48.1 (27.6 to 68.7)

Favor
Antibiotics
[Early Phase]

Favor
No Antibiotics
[Early Phase]

—e—

—e—

—
-100

T T T T T T

——— r
-50 0 50

Mean difference in costs (USD)
(95% confidence interaval)



Crude

PS matching
IPTW(ATE)
IPTW(ATT)
g-computation(ATE)
g-computation(ATT)

Instrumental variable

1.69 (1.04 to 2.73)
2.06 (1.15 to 3.67)
1.91 (1.16 to 3.13)
1.73 (1.02 to 2.93)
1.73 (0.67 to 3.44)
1.26 (0.90 to 6.47)

0.98 (0.35 t0 2.77)

Favor Favor
Antibiotics No Antibiotics
[Early Phase] [Early Phase]
——
—e—
: 0
} o |
T T T
0.1 1 10

Risk ratio of mechanical ventilation
(95% confidence interaval)



Crude

PS matching
IPTW(ATE)
IPTW(ATT)
g-computation(ATE)
g-computation(ATT)

Instrumental variable

0.97 (0.78 to 1.21)
0.90 (0.70 to 1.16)
0.98 (0.77 to 1.25)
0.95 (0.74 to 1.22)
0.84 (0.67 to 1.20)
1.26 (0.90 to 1.64)

0.61 (0.3510 1.13)

Favor
Antibiotics

[Early Phase]

e

Favor
No Antibiotics
[Early Phase]

0.1

T

1

10

Risk ratio of 30-day readmission

(95% confidence interaval)



Crude

PS matching
IPTW(ATE)
IPTW(ATT)

g-computation(ATE)
g-computation(ATT)

Instrumental variable

2.17 (1.98 to 2.37)
2.01 (1.81 to 2.23)
2.07 (1.88 to0 2.27)
1.95 (1.77 to 2.16)
2.07 (1.83 to 2.37)
2.17 (1.90 to 2.45)

3.13 (2.40 to0 4.06)

Favor Favor
Antibiotics No Antibiotics
[Early Phase] [Early Phase]
HH
HH
HH
HH
Ho-
[ gl
—0C—
T T T T
0.1 1 10

Risk ratio of probiotic use
(95% confidence interaval)



Macrolide
Crude
IPTW(ATE)
IPTW(ATT)
Instrumental variable
Cephalorsporin
Crude
IPTW(ATE)
IPTW(ATT)
Instrumental variable
Penicillin
Crude
IPTW(ATE)
IPTW(ATT)
Instrumental variable

1.05 (0.91 to 1.22)
1.15 (0.97 to 1.36)
1.04 (0.89 to 1.22)
2.38 (1.17 to 4.82)

2.65 (2.34 to 3.00)
2.44 (2.10 to 2.84)
2.25 (1.93 to 2.62)
7.14 (2.81 to 18.1)

2.85 (2.51 to 3.24)
2.50 (2.18 t0 2.87)
2.33 (2.04 to 2.67)
3.65 (2.43 10 5.21)

Favor

Antibiotics
[Early Phase]

Favor

No Antibiotics
[Early Phase]

23
35 }

HH
HH
HoH

—e—i

0.1

T

1

Risk ratio of probiotic use
(95% confidence interaval)

10



Age < 2 years
Crude
IPTW(ATE)
IPTW(ATT)
Instrumental variable
Age 2-6 years
Crude
IPTW(ATE)
IPTW(ATT)
Instrumental variable
Age > 6 years
Crude
IPTW(ATE)
IPTW(ATT)
Instrumental variable

1.20 (0.61 to 2.38)
1.59 (0.78 to 3.22)
1.34 (0.63 to 2.82)
0.44 (0.07 to 2.59)

1.54 (0.71 to 3.40
2.00 (0.89 to 4.52
1.73 (0.73 to 4.09
1.47 (0.20 to 10.8

T e

3.88 (0.97 to 15.5)
3.59 (0.85 to 15.2)
3.56 (0.73 t0 17.3)
1.44 (0.17 to 12.1)

Antibiotics
[Early Phase]

Favor

Favor

No Antibiotics
[Early Phase]

0.1

Risk ratio of mechanical ventilation
(95% confidence interaval)



