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Abstract

Background: Inappropriate use of inhaled corticosteroids (ICSs) for asthma impairs control and may cause exacerbation,
including asthma-rel ated hospitalization (ARH). In prospective studies, ICS use peaked around ARH, but information on routine
care use is limited. Since ARH is a major outcome, controller therapy use in routine care before and after ARH should be
documented.

Objective: Thisstudy aimed to distinguish ICS use typologies (trajectories) before and after ARH, and assesstheir relationships
with sociodemographic, disease, and health care characteristics.

Methods: A retrospective cohort study was performed using a 1% random sample of the French claims database. All patients
hospitalized for asthma between January 01, 2013, and December 31, 2015, were classified as either children (aged 1-10 years)
or teens/adults (aged =11 years). Health care resource use was assessed between 24 and 12 months before ARH. ICS use was
computed with the Continuous Measures of Medication Acquisition-7 (CMA7) for the 4 quarters before and after ARH. Initially,
the overall impact of hospitalization on the CMA7 value was studied using a segmented regression analysis in both children and
teens/adults. Then, group-based trajectory modeling differentiated the groups with similar ICS use. We tested different models
having 2 to 5 distinct trajectory groups before selecting the most appropriate trajectory form. We finally selected the model with
thelowest Bayesian Information Criterion, the highest proportion of patientsin each group, and the maximum estimated probability
of assignment to a specific group.

Results:  Overall, 863 patients were included in the final study cohort, of which 447 (51.8%) were children and 416 (48.2%)
were teeng/adults. In children, the average CMA7 value was 12.6% at the start of the observation period, and there was no
significant quarter-to-quarter change in the value (P=.14) before hospitalization. Immediately after hospitalization, the average
CMAY7 value rose by 34.9% (P=.001), before a significant decrease (P=.01) of 7.0% per quarter. In teeng/adults, the average
CMAY7 value was 31.0% at the start, and there was no significant quarter-to-quarter change in the value (P=.08) before
hospitalization. Immediately after hospitalization, the average CMA7 valuerose by 26.9% (P=.002), before asignificant decrease
(P=.01) of 7.0% per quarter. We identified 3 and 5 trajectories before ARH in children and adults, respectively, and 5 after ARH
for both groups. Trajectories were related to sociodemographic characteristics (particularly, markers of social deprivation) and
to potentially inappropriate health care, such as medical management and choice of therapy.

Conclusions: Although ARH had an overall positive impact on ICS use trgjectories, the effect was often transient, and patient
behaviors were heterogeneous. Along with overall trends, distinct trajectories were identified, which were related to specific
patients and health care characteristics. Our data reinforce the evidence that inappropriate use of |CS paves the way for ARH.
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Introduction

Asthmais a mgjor public health concern, and over 5% of the
total population in high-income countrieslive with the condition
[1]. Both adults and children cover the asthma demographic
[2], and it not only affects quality of life but aso causes
significant morbidity (and in some instances mortality). It is
responsible for high financial burden at both the individual and
societal levels, particularly as a result of acute exacerbation
[3,4].

The risk of exacerbation increases when asthma is poorly
controlled, and severe exacerbation can lead to asthma-related
hospitalization (ARH) [5,6]. A common cause of poor control
is the inappropriate use of inhaled corticosteroids (ICSs) in
monotherapy or as fixed-dose combinations (FDCs), aswell as
the inappropriate use of long-acting beta agonists (LABAS) in
monotherapy [7,8].

In a prospective cohort study of ARH, a rapid decrease was
shown in the use of ICSs and oral corticosteroids (OCSs) after
hospital discharge [9]. Information on preadmission use,
however, was not available. Another study clarified the overall
relationship between adherence to ICSs and the occurrence of
severe exacerbations, including ARH, with the use of ICSs
increasing shortly before the exacerbation and further increasing
afterward [10].

Nonetheless, asthmatics are likely heterogeneousin that regard,
and their behaviors, particularly ICS use, may differ inrea-life
conditions compared with that during prospectivefield studies,
where medication use is regularly assessed. Since ARH is a
major outcome, the use of controller therapy in routine care
before and after ARH should be documented. Thisinformation
would incite health care professionals to adjust modifiable
patient and care characteristics in order to prevent recurring
exacerbations. The objectives of this study were to distinguish
the typology of ICS use before and after ARH in the routine
care of arepresentative sample of the overall asthmapopulation,
and to identify sociodemographic, disease, and health care
characteristics related to ICS trajectories.

Methods

Data Source

The data source of this study was the Echantillon Généraliste
des Bénéficiaires (EGB; General Sample of Beneficiaries),
which is a 1/97th representative random sample of the French
national health system (Systéme National des Données de Santé
[SNDS]; National Health Data System) that covers more than
90% of the French population. It contains comprehensive,
anonymized individual information on sociodemographic
characteristics, date of death, out-of-hospital reimbursed health
care expenditures (from both public and private health care
providers), and hospital discharge summaries using the
International Classification of Diseases 10th Revision (ICD-10)
codes[11].
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Study Population

We included al patients who were hospitalized for asthma
(ICD-10 codes: M5 and M6) as the singular main diagnosis
between January 1, 2013, and December 31, 2015. The first
recorded date of ARH was defined as the index date. We
selected patients with continuous follow-up during the period
between 24 months before and 12 months after the index date.
Patients hospitalized for asthma-rel ated reasonsin the 12 months
beforetheindex hospitalization were excluded. Two subgroups
were defined: children (1-10 years old) and teeng/adults (=11
years old).

Study Variables

For children and teeng/adults separately, we described the
sociodemographic characteristics (age, gender, free access to
care status as a proxy of social deprivation [given on a
means-tested basis; this status supports the health expenses of
more modest patients], and chronic disease status [ patientswho
benefit from this status for a diagnosed condition are totally
reimbursed for care related to that condition, ie, asthmain our
study]), health care resource utilization (general practitioner
vidits, pediatrician visits, respiratory physician visits, emergency
room [ER] visitsfor any cause, pulmonary function testing, and
hospital admission for asthma), and initiation of asthmatherapy
(ICSs, LABASs, FDCs of ICSSYLABAS, leukotriene receptor
antagonists[LTRAS], short-acting 32 agonists[ SABAS], OCSs,
and antibiotics for respiratory infections). We also described
thetherapeutic ratio or the“ controller to total asthmamedication
ratio” as a proxy of the quality of asthma care. Studies have
shown that patients with high therapeutic ratios (=50%)
experience fewer asthma exacerbations than those with low
ratios [12-15].

Description of ICSUse

The basdline period started at TO, 365 days before the date of
the index ARH (Multimedia Appendix 1). For both children
and teeng/adults, ICS use (in monotherapy or FDCs) was
separately assessed by computing the Continuous M easures of
Medication Acquisition-7 (CMAY) for 4 quarters, before the
hospital admission (from TO to the index ARH date) and after
hospital discharge. CMA7 is a standard method to assess
adherence to medication, calculated as the cumulative days
supply obtained over a series of intervals divided by the total
days from the beginning to the end of the study period [16,17].

Statistical Analysis

Descriptive  statistics were used to describe the
sociodemographic characteristics, health care utilization, and
asthma therapy over the period between 24 and 12 months
before the index ARH. The categorical variables of patient
characteristics were described by providing the sample size
within each modality and the rel ative percentages. We described
the quantitative variables of health care utilization to determine
the sample size and relative percentages for patients (with at
least one careitem) to calculate the mean and SD of the number
of careitemsin al patients.
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Initially, the overall impact of hospitalization on the CMA7
valuewas studied using a segmented regression analysisin both
children and teeng/adults [18]. Then, group-based trajectory
modeling (the SAS proc tragj function) was used to distinguish
different groups of patients regarding the typologies of the
trajectories of CMA7 for ICSs [19,20] both before and after
ARH. We tested different models having 2 to 5 distinct
trajectory groups before selecting the most appropriate form of
the trgjectories. We finally selected the model with the lowest
Bayesian Information Criterion, the highest proportions of
patientsin each group, and the maximum estimated probability
of assignment to a specific group. The chi-square test, Fisher
test, and Kruskal-Wallis test were used to compare patient
characteristics (including asthma therapy) across trajectory
groups over the baseline period for children and teens/adults as
Sseparate groups.

The statistical analysis was performed using SAS Version 9.4
(SAS Ingtitute).

Ethical Consider ations

This observational study was conducted on anonymized data.
The Commission Nationale de I'Informatique et des Libertés

Figure 1. Study flowchart.
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(CNIL; National Informatics and Liberty Committee) provided
authorization for the use of the EGB datafor research purposes,
and approval was obtained from the French Institute for Health
Data (Institut des Données de Santé) under number 133 (granted
on June 9, 2015).

Results

Study Population

Intotal, 1473 patientswere hospitalized for asthmafrom January
1, 2013, to December 31, 2015. We excluded 411 patientswhose
claimsdid not span the 2 years prior to their hospitalization, 34
patients who were hospitalized for asthma in the year before
the index date, and 165 patients who had no continuous
follow-up. Inthe end, 863 patients were included, of which 447
(51.8%) werechildren aged 1 to 10 yearsand 416 (48.2%) were
teens/adults aged over 11 years (Figure 1). Regarding ICS use,
similar trends were observed in both the children and
teens/adults (segmented regression analysis) (Figure 2).

Patients with an asthma-related
haspitalization between Jan 1,
2013 and Dec 31, 2015

n=1473

Patients with less than 2 years in
the database before the start of

index hospitalization
n=411

Patients with at least 2 years in the
database before the start of index

hospitalization
n=1062

Fatients with an asthma
hospitalization in the year before

the index hospitalization
n=34

Patients without asthma
hospitalization in the year before the
index hospitalization

n=1028

Patients with no continuous
‘olfow-up during the study period|

n=165

Patients included in the study

863

|

Children
n=447

Teens/Adults
n=416
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Figure2. Inhaled corticosteroid use by children and teens/adults before and after asthma-related hospitalization (ARH). CMA7: Continuous M easures

of Medication Acquisition-7.
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Inthe children, at the start of the observation period, the average
CMA7 value was 12.6%, and there was no significant
guarter-to-quarter change in the value (P=.14) before
hospitalization. Immediately after hospitalization, the average
CMAY7 vaue rose by 34.9% (P=.001), before a significant
decrease (P=.01) of 7.0% per quarter.

In the teeng/adults, at the start of the observation period, the
average CMA7 value was 31.0%, and there was no significant
guarter-to-quarter change in the value (P=.08) before
hospitalization. Immediately after hospitalization, the average
CMAY7 vaue rose by 26.9% (P=.002), before a significant
decrease (P=.01) of 7.0% per quarter.
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Population Char acteristicsBefore ARH inthe Children

At baseline, the mean age of the children was 4.2 years, and
most were male (291/447, 65.1%). A quarter (112/447, 25.1%)
had free access to heath care. Almost half of the children
(213/447, 47.7%) visited a pediatrician, whereas a quarter
(115/447, 25.7%) visited a respiratory physician at |east once.
OCSs were dispensed to 60.9% (272/447) of the children at a
mean annual dose (MAD) of 240 mg, while respiratory
antibiotics were administered to 75.2% (336/447) of the
children, with 4 annual dispensing events on average (Table 1).
Altogether, few children (119/447, 26.6%) had high therapeutic
ratios (=0.5).
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Table 1. Characteristics of the children at baseline (T0) overall and in the different preasthma-related hospitalization trajectories.

Characteristic All (N=447) Nouse(n=243) Milduse(n=172) High use(n=32) P value

Sociodemographic characteristics

Gender, n (%)

Male 291 (65.1) 167 (68.7) 107 (62.2) 17 (53.1) 13
Age at baseline (years), mean (SD) 4.2 (2.6) 4.1(2.6) 4.3(2.7) 4.8(2.4)
Agegroup, n (%) .79
1-5 years 320 (71.6) 177 (72.8) 120 (69.8) 23(71.9)
6-10 years 127 (28.4) 66 (27.2) 52 (30.2) 9(28.1)
Free access to care status, n (%) 112 (25.1) 65 (26.7) 39 (22.7) 8(25.0) .64
Chronic disease status for asthma, n (%) 12 (2.7) 1(0.9) 8(4.7) 3(9.4) <.001

Health careresource utilization before asthma-related hospitalization (12 months)

Pediatrician visits .007
Patients, n (%) 213 (47.7) 102 (42.0) 90 (52.3) 21 (65.6)
Number of visits, mean (SD) 19(3.1) 1.6(2.9) 21(31) 3.2(4.3)

Respiratory physician visits .25
Patients, n (%) 115 (25.7) 56 (23.0) 51 (29.7) 8(25.0)
Number of visits, mean (SD) 0.4(0.9) 0.4(0.9) 0.5(0.8) 0.3(0.7)

Pulmonary function testing <.001
Patients, n (%) 28 (6.3) 6 (2.5) 16 (9.3) 6(18.8)
Number of tests, mean (SD) 1.9(15) 0.0(0.3) 0.2 (0.8) 0.3(0.7)

Emergency room visits .79
Patients, n (%) 171(38.3) 92 (37.9) 65 (37.8) 14 (43.8)
Number of visits, mean (SD) 0.7(1.3) 0.6 (1.0) 0.8(1.6) 0.8(1.4)

Asthma-related hospitalization .006
Patients, n (%) 27 (6.0) 7(2.9) 18 (10.5) 2(6.3)
Number of stays, mean (SD) 0.1(0.5) 0.0(0.2) 0.2(0.7) 0.1(0.6)

Asthma therapy

Icss? <.001
Patients, n (%) 168 (37.6) 54 (22.2) 93 (54.1) 21 (65.6)
Number, mean (SD) 1.1(2.4) 0.4 (1.0) 1.7 (2.6) 3.3(55)

FDCS of ICSILABAS® <.001
Patients, n (%) 54 (12.1) 10 (4.2 35(20.3) 9(28.1)
Number, mean (SD) 0.4 (1.5) 0.1(0.4) 0.7 (1.7) 1.8(3.4)

LABASs (in a separate canister) N/A
Patients, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Number, mean (SD) N/AS N/A N/A N/A

LTRAS® <.001
Patients, n (%) 59 (13.2) 11 (4.5) 34(19.8) 14 (43.8)
Number, mean (SD) 0.5(1.6) 0.1(0.4) 0.5(1.4) 294.2)

SABAS <.001
Patients, n (%) 233 (52.1) 91 (37.4) 114 (66.3) 28 (87.5)
Number, mean (SD) 15(2.3) 0.8(1.3) 2.0(2.3) 43(4.2)
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Characteristic All (N=447) Nouse(n=243) Milduse(n=172) Highuse(n=32) P value
ocsd <.001
Patients, n (%) 272 (60.9) 118 (48.6) 126 (73.3) 28 (87.5)
Number, mean (SD) 1.3(15) 0.8(1.1) 1.7 (L6) 2.7(2.0)
Cumulative OCS dosein mg equivalent prednisone, 240.5(376.2)  131.3(223.2) 337.2 (414.3) 550.4 (675.3) <.001
mean (SD)
Respiratory antibiotics <.001
Patients, n (%) 336 (75.2) 177 (72.8) 132 (76.7) 27 (84.4)
Number, mean (SD) 3.9(4.9) 34(5.1) 4.3 (4.4) 6.1(5.3)
ICSR03" ratio, n (%) <.001
0 56 (12.5) 37(15.2) 16 (9.3) 3(9.4)
<05 81(18.1) 20(8.2) 47 (27.3) 14 (43.8)
=05 119 (26.6) 43(17.7) 64 (37.2) 12 (37.5)
Not assessablé 191 (42.7) 143 (48.8) 45 (26.2) 3(9.4)

4 CS: inhaled corticosteroid.

PEDC: fixed-dose combination.
YLABA: long-acting beta agonist.
dN/A: not applicable.

€L TRA: leukotriene receptor antagonist.
fSABA: short-acti ng 32 agonist.

90CS: oral corticosteroid.

hRO3: group of medications used in the treatment of obstructive airway diseases (Anatomical Therapeutic Chemical classification).

Patients not receivi ng any respiratory therapy.

ICS Trajectories Before ARH in the Children

Three trajectories of 1CS use were distinguished before ARH
in the children: (1) no use (CMAY value around 0%), (2) mild
use (CMATY vaue of 15%-40%), and (3) high use (CMA7 value
of >80% during at least 3 quarters of the year before ARH)
(Figure 3A). Just over half of the children (243/447, 54.4%)
had a no-use typology, 38.5% (172/447) had a mild-use
typology, and 7.2% (32/447) had a high-use typology during
thelast 3 quarters before ARH.

The no-use group comprised a larger percentage of males
(167/243, 68.7%) compared to the mild-use (107/172, 62.2%)

https://publichealth.jmir.org/2023/1/e50085

or high-use (17/32, 53.1%) group. There was extensive use of
OCSs, with rates of 48.6% (118/243; MAD of 223 mg), 73.3%
(126/172; MAD of 414 mg), and 87.5% (28/32; MAD of 675
mg) among the no-use, mild-use, and high-use groups,
respectively. Respiratory antibiotics were dispensed to 72.8%
(177/243), 76.7% (132/172), and 84.4% (27/32) of the children
inthe no-use, mild-use, and high-use groups, respectively (Table
1). The children in the mild-use (141/172, 82.0%) and high-use
(29/32, 90.6%) groups had more visits to the respiratory
physician or pediatrician than those in the no-use group
(158/243, 65.0%).
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Figure 3. Inhaled corticosteroid trajectories of children (n=447) and teens/adults (n=416), before (A and C, respectively), and after (B and D, respectively)
asthma-related hospitalization (ARH). CMA7: Continuous Measures of Medication Acquisition-7.
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ICS Trajectories After ARH in the Children

Intheyear following ARH, 5 tragjectorieswere distinguished in
the children (Figure 3B). More than half of the children
(239/447, 53.5%) had CMA7 values >50%. These included
either very high users (n=67) with CMA7 values of >80%
throughout the year or high users (n=172) with CMA7 values
declining from 70% to 50% throughout the year. Nonusers
(CMAT7=0) corresponded to 15.0% (67/447) of al children.
Mild users (n=78) had stable CMA7 vaues (20%-30%)
throughout the following year, whereas decreasing users (n=63)
had CMA?7 values of 60% at the beginning of the year, which
declined to zero by the end of the year.
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Changesin Trajectories (Before-After ARH) in the
Children

All children in the high-use group before ARH maintained a
high-use profile during the year after hospitalization (Figure 4).
Almost a quarter (60/243, 24.7%) of nonusers before ARH
remained unchanged in the following year, whereas one-third
(89/243, 36.6%) of nonusers switched to the high-use group
after ARH. More than two-thirds (149/243, 61.3%) of mild
users before ARH increased their use of ICSs after ARH, with
54.1% (93/172) becoming high users and 14.5% (25/172)
becoming very high users. Graphs presenting the between-group
interchange of individual patients are presented in Multimedia
Appendix 2.
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Figure 4. Distribution of inhaled corticosteroid (ICS) trajectories of children before and after asthma-related hospitalization (ARH) (n=447).
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Population Char acteristics Before ARH in the
Teens/Adults

At baseline, the mean age of the teeng/adults was 45.7 years,
and most patients were female (254/416, 61.1%). Moreover,
13.5% (56/416) had free access to care, 15.4% (64/416) had a
chronic disease status for asthma, and 38.5% (160/416) had
visited arespiratory physician or pediatrician. Almost one-third

https://publichealth.jmir.org/2023/1/e50085

XSL-FO

RenderX

Mibkd use [n=78)

B Decreasing use (n=63)

B Very high use (n=67)

(137/416, 32.9%) of the patients had one or more ER visits, and
30.0% (125/416) underwent pulmonary function testing (Table
2). At the time of the study, 11.8% (49/416) of the teens/adults
were using LABASsin monotherapy, 70.4% (293/416) received
respiratory antibiotics, and 55.5% (231/416) received OCSs.
Additionally, few patients (112/416, 26.9%) had high therapeutic
ratios (=0.5).
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Table 2. Characteristics of the teens/adults at baseline (T0) overall and in the different preasthma-related hospitalization trgjectories.

Characteristic All No use Increasing  Milduse  Highuse  Very highuse Pvalue
(N=416) (n=134) use (n=45)  (n=100) (n=82) (n=55)
Sociodemographic characteristics
Gender, n (%)

Male 162(38.9) 56(41.8) 18(40.0) 36(36.0) 27(329) 25(455) 55
Age at baseline (years), mean (SD) 457 (225) 375(2L1) 44.0(21.0) 446(235) 54.0(21.1) 56.8(18.5)
Agegroup, n (%) <.001

11-35 years 148(35.6) 75(56.0) 15(33.3) 36(36.0) 16(195) 6(10.9)

36-50 years 88(21.2) 24(17.9) 14(3L1) 20(200) 17(20.7) 13(23.6)

51-70 years 110(26.4) 22(16.4) 10(22.2) 24(240) 30(36.6) 24(43.6)

=71 years 70 (16.8) 13(9.7) 6(13.3) 20 (20.0) 19 (23.2) 12 (21.8)

Free access to care status, n (%) 56 (13.5) 14 (10.4) 7(15.6) 22 (22.0) 6(7.3) 7(12.7) .04

Chronic disease status for asthma, n (%) 64 (15.4) 4(3.0) 6(13.3) 12 (12.0) 21 (25.6) 21 (38.2) <.001
Health care resource utilization before ARH? (12 months)

Respiratory physician or pediatrician visits <.001

Patients, n (%) 160(385) 37(276) 22(489)  43(430) 40(488) 18(32.7)

Number, mean (SD) 09(1.8) 05(12) 12(21) 09(16) 12(1.8) 09(3.0)

Pulmonary function testing <.001

Patients, n (%) 125(30.0) 7(5.2) 15(333)  30(30.0) 39(47.6) 34(61.8)

Number, mean (SD) 06(12) 01(04) 0.7(L5) 05(1.1) 09(13) 16(L7)

ERP visits 19

Patients, n (%) 137(329) 43(321) 14(3L1)  42(420) 26(3L7) 12(218)

Number, mean (SD) 06(12) 05(10) 0.6(18) 0.8(15) 05(10) 03(0.7)

ARH .89

Patients, n (%) 1229  3(22) 2(4.9) 2(2.0) 3(37) 2(3.6)

Number, mean (SD) 01(04) 01(05  00(0.2) 00(0.1) 00(02) 0.1(0.8)

Asthma therapy
ICcss® <.001

Patients, n (%) 130(31.3) 19(142) 12(26.7) 40(40.0) 32(39.0) 27(49.1)

Number, mean (SD) 13(36) 03(10 0717 1.3(2.5) 1629  37(7.8)

FDCsY of ICSYLABAS® <.001

Patients, n (%) 212(51.0) 24(17.9) 21(46.7) 60(60.0) 61(74.4) 46(83.6)

Number, mean (SD) 34(53) 03(08) 14(20) 24(28) 57(52) 10.9(7.9)

LABASs (in a separate canister) .05

Patients, n (%) 49(11.8) 7(5.2) 6 (13.3) 15(15.0) 11(134) 10(18.2)

Number, mean (SD) 09(33) 04(20) 12(3.9 07(22) 087 26(62)

LTRAS <.001

Patients, n (%) 104 (25.00 7(5.2) 11 (24.4) 23(23.00 32(39.00 31(56.4)

Number, mean (SD) 17(38 03(L8 1.6(35) 1229 2239 56(59)

SABAS <.001

Patients, n (%) 250(62.3) 49(36.6) 25 (55.6) 79(79.0) 62(75.6)  44(80.0)

Number, mean (SD) 3.9(6.9) 10(23) 45(7.8) 35(36) 46(58  99(133)
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Characteristic All No use Increasing  Milduse  Highuse  Very highuse Pvalue
(N=416) (n=134) use (n=45)  (n=100) (n=82) (n=55)

Respiratory antibiotics <.001
Patients, n (%) 293(704) 86(64.2) 28(62.2) 71(71.0) 58(70.7)  50(90.9)
Number, mean (SD) 50(7.6) 28(36) 36(55) 46(71) 63(7.9 97(129)

ocsd <.001
Patients, n (%) 231(55.5) 58(43.3) 26(57.8) 60(60.0) 54(65.9) 33(60.0)
Number, mean (SD) 24(58) 12(35) 29(55) 19(32) 37(91) 4.0(7.4)

Cumulative OCS dose in mg equivalent pred-  695.5 350.5 806.3 702.2 797.1 1281.9 <.001

nisone, mean (SD) (1319.4)  (703.5) (1476.6) (1072.3)  (11635)  (2360.4)

ICS/RO3 ratio, n (%) <.001
0 44(10.6) 28(20.9) 6(13.3) 8(8.0) 2(2.4) 0(0.0)
<05 168(404) 19(14.2) 17(37.8) 50(50.0) 42(512) 40(72.7)
205 112(26.9) 19(142) 9(20.0) 35(35.0) 36(43.9) 13(23.6)
Not assessablé 92(221) 68(50.7) 13(28.9) 7(7.0) 2(2.4) 2(3.6)

8ARH: asthma-related hospitalization.
bER: emergency room.

CICS: inhaled corticosteroid.

9FDC: fixed-dose combination.

€L ABA: long-acting beta agonist.
LTRA: leukotriene receptor antagonist.
9SABA: short-acting B2 agonist.

hocs: oral corticosteroid.

IR03: group of medications used in the treatment of obstructive airway diseases (Anatomical Therapeutic Chemical classification).

Ipatients not receivi ng any respiratory therapy.

ICS Trajectories Before ARH in the Teens/Adults

Among the teeng/adults, 5 ICS trajectories were distinguished
before ARH. These were as follows: (1) no use (CMA7 value
of about 0; 134/416, 32.2%), (2) mild use (CMA7 vaue of
30%-35%; 100/416, 24.0%), (3) increasing use over time
(CMA7 valuerising from 0% 1 year before ARH to 60% at the
time of ARH; 45/416, 10.8%), (4) high use (CMA7 vaue of
60%-80%; 82/416, 19.7%), and (5) very high use (CMA7 value
of >90%,; 55/416, 13.2%) (Figure 3C). More than half of
nonusers (75/134, 56.0%) were aged between 11 and 35 years,
whereas almost two-thirds of high (49/82, 59.8%) or very high
(36/55, 65.5%) users were older than 50 years. The sex ratios
also differed between groups, with males representing 41.8%
(56/134) of nonusers versus 32.9% (27/82) of high users (Table
2). A chronic disease status for asthmawas more frequent among
high and very high users (21/82, 25.6% and 21/55, 38.2%,
respectively) than among nonusers (4/134, 3.0%). Nonusers
and very high users had fewer visits to a respiratory physician
(37/134, 27.6% and 18/55, 32.7%, respectively) compared with
the other groups (>40%). In terms of asthmatherapy, very high
users were frequently treated with FDCs, LABAs (in
monotherapy), SABASs (10 unitsper year), respiratory antibiotics
(91% of usersreceiving 10 units per year on average), and OCSs

https://publichealth.jmir.org/2023/1/e50085

(total annual dose of 1282 mg), while their therapeutic ratios
were low overall (40/55, 72.7%).

ICS Trajectories After ARH in the TeengAdults

These patients were also distributed across 5 groupsin the year
following ARH. Half of them (209/416, 50.2%) were very high
(CMA7 value of >90%) or high (CMA7 value of >65%) users,
whereas 44.7% (186/416) were mild (CMA7 value of <20%)
or moderate (CMAY value of 30%-50%) users. The last group
included a few patients (21/416, 5.1%) with decreasing use
during the year following ARH, from 80% shortly after ARH
to zero after the third quarter of the subsequent year (Figure
3D).

Changesin Trajectories (Before-After ARH) in the
Teens/Adults

While 23.9% (99/416) of nonusers before ARH started to use
ICSregularly after ARH, most patients in that group remained
in an irregular use profile in the year following their hospital
stay, with 41.0% (55/134) in the mild use group and 9.0%
(12/134) in the decreasing use group (Figure 5). Another quarter
(32/134, 26.1%) of nonusers increased their use constantly
throughout the subsequent year and were thustransferred to the
moderate use group.
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Figure5. Distribution of inhaled corticosteroid (ICS) trajectories of teens/adults before and after asthma-related hospitalization (ARH) (n=416).
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Inthe group with increasing | CS use before ARH, 31.1% (14/45)
stayed at asimilar CMA7 level and 31.1% (14/45) switched to
the very-high-use group. Lastly, most patients in the other 3
groups (mild, high, and very high use) exhibited asimilar profile
of ICS use after ARH compared with the year prior to ARH.
Patients with CMA7 values of >60% either stayed in the same
profile group or switched to the closest similar profile group
(high-use to very-high-use group at 42.7% [35/82] and
very-high-use to high-use group at 30.9% [17/55]). Patientsin
the mild-use group before ARH mostly stayed in this profile
group, while 47.0% (47/100) of them joined the moderate-use
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group during the year after ARH. The overall trgjectories of the
teen/adult patients switching from groups are presented in
Multimedia Appendix 3.

Discussion

Our study of the long-term routine care of pediatric and adult
patients admitted to the hospital for asthmaexacerbation (ARH)
showed major temporal changes in ICS use before and after
ARH. ARH seems to have similar effects on the typology of
use in children and teens/adults. Indeed, in both populations,
segmented regression analyses showed 3 contrasting segments:
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preARH segment (Q1-Q3) with stable use, ARH segment
(Q4-Q5) with increasing use, and post-ARH segment (Q6-Q8)
with use decreasing again. Interestingly, for children, the
post-ARH levels of ICS use did not appear to decline to the
pre-ARH levels. As arule, trgjectories were related to patient
sociodemographic characteristics, health care pathways, and
asthma therapy, in the context of overall poor quality of care.

Overall, our study identified 3 sets of behaviors regarding the
impact of ARH on ICSuse. Firgt, interms of improved typol ogy,
46.3% (207/447) of nonusers or mild users before ARH
increased their ICS use after hospital stay. This was the case
for 46.5% (208/447) of children and 39.9% (166/416) of
teens/adultswith low ICS use before ARH. Thismay correspond
to arecent or reconfirmed diagnosis of asthma.

Second, in terms of the limited impact of ARH on typology,
most regular users (high-use and very-high-use groups) before
ARH remained in the high or very-high-use group after ARH.
These patients likely had been identified as experiencing more
severe or difficult asthma before ARH and remained regularly
treated. Thisassumption is supported by patient characteristics,
such asahigh rate of achronic disease status, which istypically
allocated to more severe patients, in addition to ahigh proportion
of OCS users.

Lastly, in terms of decreased use, a minority of patients from
the high-use or very-high-use group shifted to the decreasing-use
or low-use group.

In al trgjectories, a majority of the children had visited a
pediatrician or arespiratory physician, and many children had
visited the ER, suggesting that asthma was suspected before
ARH, despite the low age of the pediatric sample population
[21]. The use of OCSsand respiratory antibiotics was also very
common before ARH, with alarge majority of patientsreceiving
respiratory antibiotics and OCSs among high ICS users. In this
group, the annual dose of OCSs far exceeded the dose
considered to bethe threshold for OCS severe side effects[22].
The therapeutic ratio in this group was also of concern since
almost half (14/32, 44%) of the children had alow ratio during
the baseline period, implying an overuse of SABAs [23].
Overall, the data may reflect severity, but they do also suggest
an overal poor quality of asthma care in the pediatric
popul ation.

Among teens/adults, the ratios were low (<0.5) in many
teens/adults in the baseline period, which again reflects
inappropriate care of asthma. The use of OCSs was aso high
in al teeng/adults, and was particularly high (MAD of >1000
mg) in the very-high-use group, in addition to very high use of
SABAs and respiratory antibiotics. More than one in 10
teens/adults inappropriately received LABAS in a separate
canister [24].

Overdll, the data show that although the clustering-derived
typologies differed between children and teens/adults in the
pre-ARH period, the global trajectories of these 2 independent
samples were similar, supporting the validity of our results. A
major finding isthat ARH occurred in the context of low quality
of careand overuse of medical resourcesin apopulationlargely
affected by social deprivation, as aready pointed out by prior
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studies[25]. Our study doesindeed illustrate the high proportion
of patients visiting ERs before ARH (more than one-third of
children [171/447, 38.3%)] and teens/adults [137/416, 32.9%)]),
the low therapeutic ratios, and the extensive use of OCSs and
respiratory antibiotics.

Regarding existing literature, studies assessing ICS use in
asthma over an extended period are scarce [26]. This is
particularly the case outside the context of specific prospective
cohorts and thus limits the comparison with other data. In a
prospective study, Krishnan et al [9] showed a rapid decrease
inthe use of ICSsand OCSs by asthmatic patients after hospital
discharge, but no information was provided on their use before
admission. Another study showed inappropriate usein children
after ARH; however, again, there was no assessment of their
use before ARH [27]. Similarly, Williams et al [10] clarified
the overall relationship between changing ICS use and the
occurrence of severe exacerbations, including ARH. Prior data
on the relationship between ICS use and exacerbations may
however not be generalizable since asthmatics are heterogeneous
in their use of therapy and their behaviors may differ in routine
care compared to investigational conditions. Of interest, arecent
Danish study investigated the effect of hospital admissions for
acute exacerbation on the adherence rate to controller medication
in 241 adults with asthma. Their results were similar to oursin
that an initial improvement in adherence to |CSs after hospital
admission occurred in patients who had previously shown poor
adherence. The study also showed that the improvement was
transient and decreased over time during the 6 months after
discharge[28]. International comparisons are however complex
since patient behaviorstoward therapy also depend on thelocal
organization of health care with, for instance, the level of care
co-payments, or the accessibility to health care professionals,
which may affect the relationship between ICS use and
exacerbation. Thisunderlinesthe need to replicate investigations
in different settings.

Our study had severa strengths. It was a population-based study,
and it was conducted with a random sample originating from
data compiled from the health care consumption information
of amost all French citizens (over 67 million inhabitants),
without distinction of age, gender, ethnicity, residency, income,
and social status, in alarge country with asingle universal health
care system. These strengths alowed us to overcome the
limitations of other studies on asthma care, such as distinct
health care coverage for different patient groups or missing
information as aresult of fragmented care [29].

The study also had some limitations. There was no information
on the education level of the patients and whether this had an
impact on their trgjectory. There was also no information on
smoking status, pulmonary function, or BMI that may have
impacted the effects of ICSs. Weused CMA7 to assess I CS use.
Considering that claims information provides medicine
dispensing data, CMA7 measureswere based on the dispensing
number and frequency but did not reflect actual medication use
or provide data on the quality of the inhaler technique.
Additionally, we included all patients undergoing ARH during
the study period independent of their ICS use and asthma
diagnosis before ARH. As an dternative, we could have
restricted the inclusion to patients who received an initial
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diagnosis of asthma during their hospital stay. Such caseswere
however rare among both children and teens/adults, as evidenced
by the high percentage of visits to a respiratory specialist
(115/447, 25.7% and 160/416, 38.5%, respectively), and by the
common records of pulmonary function tests performed during
the baseline period. Conseguently, the impact on the results
should be limited. Another limitation may have been dueto the
exclusion of patients who did not have continuous follow-up
information recorded in the database either before or after ARH.
However, those patients were excluded for administrative
reasons, that is, they were affiliated to rare insurance schemes
not included in the database. We feel confident that thereis no
reason why those patients would differ in their typologies
compared with the patients included in the cohort. Finaly, it
may be of interest to reproduce a similar analysis in a larger
population, as our sample was limited to 447 children and 416
teens/adults.

Overal, our study demonstrated inappropriate ICS usein routine
care before ARH, which transiently improved shortly before
and after dischargein the context of overall poor quality of care,
inalargely socially deprived population experiencing persistent
asthma. Our results suggest that interventions are urgently
needed to improve the use of controller therapy for asthmain
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routine care [30], particularly during or after ARH [31]. These
interventions should be based on specific patient profiles and
trajectories of use before ARH. For instance, therapeutic
education with action plans[32,33] or the setup of maintenance
and relief therapy [34] could be apriority for sometrajectories.
Asarule, clinicians should emphasize the need to make regular
use of controllersat appropriate doses and to make parsimonious
use of relievers and OCSs. The findings are consistent with
those of arecent study on carefor persistent asthmathat showed
a decrease in primary care physician involvement and an
increase in the incidence of ER visits between 2006 and 2016
[35].

In conclusion, we showed that although ARH had an overall
positive impact on the trajectories of 1CS use, this effect was
often transient, patient behaviors were heterogeneous, and
several distinctly different tragjectories were identified.
Additional patient and care characteristics could further improve
the understanding of our findings and help more efficiently
target patients in need of preventive interventions. Our data
reinforce the evidence that inappropriate use of 1CSs pavesthe
way for ARH, and thus, the findings should galvanize health
service efforts to keep individual ICS use at optimal levels.
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