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Abstract: Recurrent wheezing (RW) has a significant impact on

infants, caregivers, and society, but morbidity and related medical

resource utilization (MRU) have not been thoroughly explored. The

burden of RW needs to be documented with population-based data. The

objective was to assess the characteristics, medical management, and

MRU of RW infants identified from national claims data.

Infants aged from 6 to 24 months, receiving �2 dispensations of

respiratory drugs within 3 months, and presenting a marker of poor

control (index date), were selected. During the 6 months after index

date, MRU was described in the cohort and among 3 subgroups with
MD, PhD, Gérard lle, PhD,
ric Van Ganse, MD, PhD

A total of 115,489 infants had RW, corresponding to 8.2% of

subjects in this age group. During follow-up, 68.7% of infants received

inhaled corticosteroids, but only 1.8 U (unit) were dispensed over 6

months, suggesting discontinuous use. Control was mostly inadequate:

61.7% of subjects received OCS, 80.2% antibiotics, and 71.2% short-

acting beta-agonists, and medical/paramedical visits were numerous,

particularly for physiotherapy. Severe RW concerned 39.0% of the

cohort; 32.8% and 11.7% of infants had repeated use of respiratory

drugs and OCS, respectively, and 5.5% were hospitalized for respiratory

symptoms.

In this real-life nation-wide study, RW was common and infants had

poor control and high MRU. Interventions are needed to support

adequate use of controller therapy, and to improve medical care.

(Medicine 95(15):e3404)

Abbreviations: ATC = Anatomical Therapeutic Chemical, CNIL =

Commission Nationale Informatique et Libertés, ENT = Ears Nose

Throat, FDC = Fixed-dose combination, GP = General Practitioner,

ICD-10 = International Classification of Disease 10th version, ICS

= inhaled corticosteroids, IDS = Institut des Données de Santé,

LABAs = Long Acting Beta-Agonists, LTD = Long Term Disease,

MRU = Medical Resource Utilization, OCS = oral corticosteroids,

PMSI = Programme de Médicalisation des Systèmes

d’Information, RW = Recurrent Wheezing, SABAs = Short

Acting Beta-Agonists, SNIIR-AM = Système National

d’Information Inter-Régimes de l’Assurance Maladie, U = unit.

INTRODUCTION

D iagnosis of asthma is difficult in infants younger than 2 or 3
years,1 although it has been defined as recurrent (�3)

episodes of wheezing dyspnea since birth.2 Wheezing is one of a
number of respiratory symptoms that occur in children, and
parents often use wheezing as a nonspecific label to describe
abnormal respiratory sounds.3 There are several causes of
wheeze in childhood and distinct patterns of wheezing can
be recognized. In general, these patterns (phenotypes) are
assigned retrospectively; they cannot be reliably recognized
when a child first presents with wheezing. Furthermore, for a
same child, the pattern of symptoms may change with age.2 The
common most clinical pattern, especially in pre-school children
and in infants, includes episodes of acute wheezing, cough, and
difficulty in breathing, associated with upper viral respiratory
infections (colds), with no persisting symptoms. A minority of
those who wheeze following viral infections in early life will
develop wheezing with other triggers, retaining symptoms
between acute episodes (interval symptoms), as in older chil-
pic asthma.4,5,6,7,8 Children with persist-
toms are most likely to benefit from
ns1; cohort studies show a breakpoint
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at around 2 years, with most children having symptoms before
this age becoming asymptomatic by mid-childhood.1

Respiratory symptoms are frequent in childhood; for
instance, 7% of children and adolescents self-report asthma
and 12% have ever presented wheezing in the European
Union.9,10 More specifically, preschool infants with respiratory
symptoms, particularly those younger than 24 months, have
seldom been studied in the overall population, possibly because
of the complex access to subjects when performing field studies,
or limited data on medical care. The national French claims
database (SNIIR-AM: Système National d’Information Inter-
Régimes de l’Assurance Maladie) records all reimbursed
medical resource utilization (MRU), including related costs,
in primary and secondary care, for the overwhelming majority
of the French population.11,12 To describe exhaustive MRU
over a 6-month period, this study used the SNIIR-AM database
to identify recurrent wheezing (RW) infants for whom there was
evidence of poor initial disease control, such as hospital admis-
sion for respiratory symptoms or introduction of second-line
therapy. Next, groups of infants with more severe RW were
identified, and their medical care was detailed.

METHODS

Data Source
The SNIIR-AM,11,12 a nation-wide, population-based

database, records anonymized individual data on all reimburse-
ments for healthcare utilization that have been provided by
healthcare professionals, including drugs, outpatient medical
and nursing care. There is no direct information on the medical
indication of reimbursements, but the SNIIR-AM includes
information on long-term disease status (LTD status) that allows
patients to receive treatment for severe and costly conditions
without advancing payment. SNIIR-AM also contains infor-
mation on free-access-to-care status that enables patients of
lower socioeconomic status to receive free medical care. Infor-
mation from the SNIIR-AM database are cross-referenced with
the French hospital discharge database (Programme de Médi-
calisation des Systèmes d’Information, PMSI)12 that provides
medical information about all patients admitted to hospital in
France, including discharge diagnoses coded using Inter-
national Classification of Disease 10th version (ICD-10),
medical procedures, and French diagnosis-related groups.

The study was conducted on anonymized data: the French
data protection committee (commission nationale de l’informa-
tique et des libertés, CNIL) delivered an authorization to use
SNIIR-AM data for this project (approval no. 1589912). The
study was performed following approval by the Institute of
Health Data (Institut des Données de Santé; approval no. 42,
May 2012). Because there was no recognizable individual
information in the research data, informed consent was
not necessary.

Overall Study Cohort
In the absence of diagnoses (except in case of hospitaliz-

ation or when subjects benefit from LTD status), studies using
French claims data rely on proxies to identify disease and
outcomes criteria. For the present study, infants aged 6 to 24
months with wheezing were identified by �2 dispensations of
respiratory drugs (R03 ATC classification) between March 2010

Belhassen et al
and December 2011; to include subjects with chronicity of
symptoms, the second respiratory drug had to be dispensed
between 8 and 91 days after the first one. Among these, infants
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with RW were identified by a marker of poor control, defined as
hospitalization for asthma as primary diagnosis (ICD-10: J45
and J46), new dispensation of oral corticosteroids (OCS, ATC:
H02AB), addition of short-acting beta agonists (SABAs—
ATC:R03AC) to inhaled corticosteroids (ICS, ATC:R03BA)
therapy, switch to higher dose of ICS (ATC:R03BA), or switch
from ICS to nebulized corticosteroids (ATC: R03BA), within a
timeframe compatible with a worsening of the respiratory
symptoms leading to inclusion, that is, within 6 months follow-
ing dispensation of the first respiratory drug. For all patients, the
date of initial marker of poor control was defined as the index
date. Only infants with �6 months’ follow-up (to allow for
assessment of RW management) documented after index date
were included. The markers used to identify initial poor control
were also used to identify poor control during follow-up.

Identification of 3 Subgroups With Severe RW
MRU in 3 subgroups of subjects with more severe RW was

also assessed: repeated use of respiratory therapy (�4 dispensa-
tions of respiratory drugs—ATC: R03—within 6 months),
repeated use of OCS (�3 dispensations—ATC: H02AB—
within 6 months), and hospitalization for respiratory symptoms
as primary diagnosis (ICD-10 codes: asthma, J45 and J46; acute
bronchiolitis, J21; or respiratory failure, J96). Overlap between
the 3 subgroups was also assessed.

Data Analyses
Infants were described according to baseline character-

istics (age, sex, LTD status, free-access-to-care status and
quarter of index date). Markers of poor control and MRU were
described during the 6-month follow-up. Markers of poor
control included the variables used for inclusion. MRU included
number of visits to healthcare professional (general prac-
titioners [GPs], pediatricians, hospital practitioners, nurses,
and physiotherapists), procedures (radiology and biology), hos-
pitalizations for respiratory symptoms, and medications. Quan-
titative variables were described using descriptive statistics:
sample size, mean, and standard deviation. Qualitative variables
were also described using descriptive statistics: counts and
percentage of each modality were computed on the responses
expressed, using available data. All analyses were performed
using SAS software, version 9.3 (SAS Institute Inc, Cary, NC).

RESULTS

Identification of Infants with RW
Between March 2010 and December 2011, 171,392 infants

aged 6 to 24 months met the definition of wheezing (�2
dispensations of respiratory drugs) in the SNIIR-AM database.
Among these, 115,489 infants were considered to suffer from
RW, defined as having experienced a marker of poor control
(index date), and had �6 months of follow-up after the index
date (67.4% of wheezing infants and 8.2% of French infants
younger than 24 months in 2010).

Description of the Cohort of RW Infants
The cohort included a majority of boys (62.9%; Table 1).

Mean age was 13.9 months (SD¼ 5.4). Infants were most
frequently aged between 6 and 12 months (46.7%). Few infants

Medicine � Volume 95, Number 15, April 2016
(1.0%) benefited from LTD status for severe chronic respiratory
failure, whereas a greater proportion had free-access-to-care
status (17.1%; Table 1).
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TABLE 1. Baseline Characteristics of RW Infants and Among the 3 Subgroups of Severe RW

Severe RW Subgroups

Variables

Full Cohort
of Infants with

RW (N¼ 115,489),
N (%)

Infants With �4
Dispensations of

Respiratory Drug
(n¼ 37,836), n (%)

Infants With �3
Dispensations of

OCS (n¼ 13,554),
n (%)

Infants with
Hospitalization for

Asthma, Acute Bronchiolitis
or Respiratory Failure as Primary

Diagnosis (N¼ 6350), n (%)

Gender

Male 72,591 (62.9) 24,519 (64.8) 8924 (65.8) 4209 (66.3)

Female 42,898 (37.1) 13,317 (35.2) 4630 (34.2) 2141 (33.7)

Age at index date, month

6–12 53,921 (46.7) 18,866 (49.9) 6818 (50.3) 3534 (55.7)

13–18 33,347 (28.9) 10,305 (27.2) 3742 (27.6) 1629 (25.7)

19–24 26,493 (22.9) 8216 (21.7) 2880 (21.3) 1145 (18.0)

25–30
�

1728 (1.5) 449 (1.2) 114 (0.8) 42 (0.7)

LTD status for severe chronic

respiratory failure

1193 (1.0) 869 (2.3) 202 (1.5) 220 (3.5)

Free-access-to-care status 19,789 (17.1) 6899 (18.2) 3007 (22.2) 1360 (21.4)

Quarter of the index date

(exacerbation or marker of poor control):

March 2010 11,068 (9.6) 4231 (11.2) 1142 (8.4) 663 (10.4)

Quarter 2, 2010 22,832 (19.8) 7931 (21.0) 2306 (17.0) 1273 (20.0)

Quarter 3, 2010 12,555 (10.9) 5402 (14.3) 2080 (15.4) 897 (14.1)

Quarter 4, 2010 32,858 (28.5) 11,560 (30.6) 4,951 (36.5) 1810 (28.5)

Quarter 1, 2011 26,318 (22.8) 6119 (16.2) 2,209 (16.3) 1175 (18.5)

Quarter 2, 2011 9858 (8.5) 2593 (6.9) 866 (6.4) 532 (8.4)

LTD¼ long term disease, OCS¼ oral corticosteroids, RW¼ recurrent wheezing.�
f re
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Control of RW Infants at Index Date and During
Follow-Up

Initial marker of poor control occurred predominantly in
the fall and winter (ie, Q1 and Q4; Table 1). OCS (57.8%) and
SABAs added to ICS (59.8%) were the most common markers
of initial poor control, followed by switch from inhaled to
nebulized corticosteroids (1.0%), asthma-related hospitaliz-
ation (0.9%), and increased dosage of ICS (0.9%) (Table 2).
During the 6-month follow-up, 91,984 (79.6%) infants had �1
new episode of poor control, and 11.8% had �4 episodes; the
most common markers of new episodes were OCS dispensation
(61.7%) and addition of SABAs (54.2%), followed by asthma-
related hospitalization (3.7%). The mean number of new epi-
sodes of poor control per infant during follow-up was 1.7
(SD¼ 1.5). The mean interval between 2 successive episodes
was 42.1 days (SD¼ 34.4) among the 79.6% of infants with >1
episode during follow-up (Table 2).

Medical Care and MRU of RW Infants
During follow-up, 30.8% of infants were supervised only

by GP, whereas 25.4% had a mixed follow-up by both a
pediatrician and a GP (with a mean of 7.5 visits); 34.7% had
at least 1 outpatient hospital visit. Exclusive follow-up by a
community-based pediatrician was not common (8.1%). Bio-
logical samplings were prescribed to 20.3% of infants and

These infants were younger than 24 months at the first dispensation o
drugs and index date explains age differences.
physiotherapy procedures to 50.4%; infants visiting phy-
siotherapists had an average of 10.4 visits over the 6 months
of follow-up. Conversely, nursing procedures were less frequent

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
(6.1% of infants) and radiology procedures were rare (0.1%).
The most frequent hospitalization for respiratory symptoms was
for asthma (3.7%), followed by bronchiolitis (1.8%), and
respiratory failure (0.3%); a total of 6350 infants (5.5%) had
�1 hospitalization for respiratory symptoms as primary diag-
nosis (Table 3).

During follow-up, 68.7% of infants received ICS and
11.2% nebulized corticosteroids, whereas 4.6% of infants
received fixed-dose combinations (FDCs) of ICS and long-
acting b-agonists (LABAs). Montelukast was used by 12.8% of
infants, and SABAs were dispensed to 71.2% of infants
(Table 3). Following the initial episode, most infants were
dispensed a refill of respiratory drugs (90.5%); 70.6% of
patients had �2 U (unit) during 6-month follow-up
(Figure 1). OCSs were prescribed to 61.7% infants, and
11.7% received �3 dispensations during 6-month follow-up
(Figure 1); antibiotics were used by 80.2% of infants (Table 3),
mean 4.4 U per consumer, and 39.9% received�4 dispensations
during 6-month follow-up (Figure 1).

Subgroups With Severe RW
Infants with repeated (�4) dispensations of respiratory

drugs during the 6-month follow-up (n¼ 37,836; 32.8%) were
mainly boys (64.8%; Table 1). Addition of SABAs to ICS
therapy (65.3%) was the most common marker of initial poor

spiratory drug. Time interval between the 2 dispensations of respiratory
control in this subgroup. During follow-up, 97.1% of infants had
�1 new episode of poor control; the most common markers of
new episodes were addition of SABAs (90.1%), followed by

www.md-journal.com | 3



included in at least 1 of the 3 severe RW subgroups; 25.4% were

TABLE 2. Markers of Poor Control at Index Date and During Follow-up of RW Infants and Among the 3 Subgroups of Severe RW

Severe RW Subgroups

Full Cohort of

Infants With RW

(N¼ 115,489),

N (%)

Infants With

�4 Dispensations

of Respiratory Drug

(n¼ 37,836), n (%)

Infants With

�3 Dispensations

of OCS

(n¼ 13,554), n (%)

Infants With

Hospitalization for

Asthma, Acute

Bronchiolitis or

Respiratory Failure as

Primary Diagnosis

(n¼ 6350), n (%)

Markers of

poor control

At Index

Date

During

Follow-up

At Index

Date

During

Follow-up

At Index

Date

During

Follow-up

At Index

Date

During

Follow-up

Addition of SABAs to

ICS therapy

69,049 (59.8) 62,648 (54.2) 24,696 (65.3) 34,085 (90.1) 7392 (54.5) 963 (71.0) 3878 (61.1) 5297 (83.4)

Switch to higher dose of ICS 1042 (0.9) 7868 (6.8) 240 (0.6) 4955 (13.1) 66 (0.5) 1,622 (12.0) 21 (0.3) 847 (13.3)

Switch from inhaled to

nebulized corticosteroids

124 (1.0) 7089 (6.1) 348 (0.9) 4888 (12.9) 76 (0.6) 1585 (11.7) 51 (0.8) 961 (15.1)

OCS 66,697 (57.8) 71,250 (61.7) 20,538 (54.3) 28,395 (75.0) 9145 (67.5) 13,554 (100.0) 3637 (57.3) 5070 (79.8)

Hospitalization for asthma

as primary diagnosis

1094 (0.9) 4325 (3.7) 718 (1.9) 3298 (8.7) 197 (1.5) 1127 (8.3) 253 (4.0) 4325 (68.1)

A least 1 marker of

poor control

115,489 (100.0) 91,984 (79.6) 37,836 (100.0) 36,740 (97.1) 13,554 (100.0) 13,554 (100.0) 6350 (100.0) 6181 (97.3)

ure
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OCS (75.0%). Hospitalization for asthma as primary diagnosis
occurred in 8.7% of infants (Table 2). This subgroup of patients
was mostly followed by a GP and a pediatrician simultaneously
(47.1%) with a mean of 9 visits. Among these infants, 90.8%
received ICS, 19.5% received nebulized corticosteroids, 27.5%
montelukast, 94.9% SABAs, 75.0% OCS, 86.1% antibiotics,
and 8.9% FDC of ICS and LABA (Table 3).

Infants with repeated (�3) dispensations of OCS during
6-month follow-up (n¼ 13,554 infants, 11.7% of the cohort)
were mainly boys (65.8%), the majority were aged 6 to
12 months (50.3%), and 22.2% had free-access-to-care status
(Table 1). In this subgroup, OCSs (67.5%) were the most
common marker of poor control at index date (Table 2). During
follow-up, new OCS (100%) and addition of SABAs to ICS
therapy were the most common markers of poor control
(71.0%), and 8.3% of infants were hospitalized for asthma as
primary diagnosis. Among these infants, 44.4% were followed
up exclusively by a GP with a mean of 8.7 visits; 79.1%
received ICS, 17.1% nebulized corticosteroids, 18.9% monte-
lukast, 87.4% SABAs, and 7.2% FDC of ICS and LABA. The
majority (95.6%) received antibiotics (Table 3); each consumer
received a mean 6.8 U.

Infants who were hospitalized for respiratory symptoms
(�1 asthma-related, acute bronchiolitis-related, and/or respir-
atory failure-related hospitalization; n¼ 6350 infants, 5.5%)
were mainly boys (66.3%), the majority were aged 6 to 12
months (55.7%), 21.4% had free-access-to-care status, and
3.5% of infants had LTD status for severe chronic respiratory
failure (Table 1). During follow-up, addition of SABAs to ICS
therapy was the most common marker of loss of control
(83.4%), followed by OCS (79.8%) (Table 2). In this subgroup,
23.4% had at least 1 biological sampling and 71.5% had at least

ICS¼ inhaled corticosteroids, OCS¼ oral corticosteroids, RW¼ recc
1 physiotherapy procedure (mean 15.2 visits among those
concerned). Among these infants, 21.3% received nebulized
corticosteroids (each consumer received a mean 5.6 U), 7.4%
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received FDC of ICS and LABA, 83.5% used antibiotics (each
consumer received a mean 5.1 packs). ICS were dispensed to
84.4%, SABAs to 95.2%, and OCS to 79.8% of infants
(Table 3).

A total 44,984 infants (39.0% of the total cohort) were

nt wheezing, SABAs¼ short-acting beta-agonists.
included in �2 of the subgroups (9.9% of the total cohort), and
3% in all 3 subcohorts (1.2% of the total cohort; Figure 2).

DISCUSSION
This nation-wide, real-life study has found RW to be

common and the high MRU and morbidity in RW infants
indicate frequent poor control.

As diagnoses are not documented in French claims data,
the identification of infants with RW relied on a proxy (2 dis-
pensations of respiratory drugs ATC: R03, separated by 8-91
days, and a marker of poor control), which resulted in a
population that represented approximately 8.2% of infants in
France. Epidemiological data on the prevalence of treated
respiratory symptoms in infants are rare, but this is consistent
with the available literature (the prevalence of these symptoms
in the first year of life is reported to be around 7.5%),13,14 and
the observed sex ratio is consistent with published data for
young children younger than 5 years, wherein a 2:1 ratio is
traditionally observed in favor of boys in asthma.15

Just under 80% of all RW infants experienced poor control
over 6 months; SABAs were extensively used in the cohort as a
whole and this increased among the ‘‘more severe’’ subgroups.
According to the definitions used in the present study, up to 39%
of RW infants had more severe disease, and the patterns of
reimbursements among these infants indicate that they experi-

enced worse levels of control than other RW infants. During
follow-up, 68.7% of RW infants received ICS, but only 1.8 U
were dispensed over 6 months, suggesting discontinuous use.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. MRU of RW Infants and Among the 3 Subgroups of Severe RW During 6 Months’ Follow-up

Subgroups of Severe RW

Full Cohort of
Infants With RW

(N¼ 115,489), n (%)

Infants With at
Least 4 Dispensations

of Respiratory
Drug (n¼ 37,836)

Infants With at
Least 3 Dispensations
of OCS (n¼ 13,554)

Infants With
Hospitalization for

Asthma, Acute
Bronchiolitis, or

Respiratory Failure as
Primary Diagnosis

(n¼ 6350)

MRU n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%) Mean (SD)

Consultations and visits to health care professional

GP only 35,551 (30.8) 5.9 (3.4) 14,975 (39.6) 7.1 (4.0) 6015 (44.4) 8.7 (4.2) 2767 (43.6) 6.2 (3.9)

Pediatrician only 9,332 (8.1) 4.6 (2.7) 4523 (12.0) 5.6 (3.1) 934 (6.9) 7.1 (3.5) 648 (10.2) 4.9 (3.2)

Mixed follow-up: GP

and pediatrician

29,323 (25.4) 7.5 (3.7) 17,839 (47.1) 9.0 (4.5) 6532 (48.2) 10.8 (5.2) 2754 (43.4) 8.7 (4.6)

�1outpatient hospital visit 40,056 (34.7) 2.0 (1.7) 16,388 (43.3) 2.3 (1.9) 5845 (43.1) 2.3 (1.9) 3857 (60.7) 2.6 (2.2)

Physiotherapy procedures 58,203 (50.4) 10.4 (13.1) 23,272 (65.5) 13.5 (16.5) 8621 (63.6) 12.9 (15.1) 4540 (71.5) 15.2 (18.8)

Nursing interventions 6998 (6.1) 5.2 (40.2) 3084 (8.2) 5.6 (41.0) 1405 (10.4) 4.0 (11.5) 608 (9.6) 7.9 (55.7)

Procedures

Radiology procedures 62 (0.05) 1.3 (0.6) 27 (0.1) 1.1 (0.4) 7 (0.1) 1.1 (0.4) 3 (0.1) 1.7 (1.2)

Biological investigations
�

23,390 (20.3) 2.7 (3.0) 9693 (25.6) 3.0 (3.3) 3672 (27.1) 3.1 (3.6) 1485 (23.4) 3.3 (4.9)

Hospital discharge diagnosis

Asthma 4325 (3.7) 1.2 (0.5) 3298 (8.7) 1.2 (0.6) 1127 (8.3) 1.3 (0.6) 4325 (68.1) 1.2 (0.5)

Acute bronchiolitis 2033 (1.8) 1.1 (0.3) 1218 (3.2) 1.1 (0.4) 435 (3.2) 1.1 (0.4) 2033 (32.0) 1.1 (0.3)

Respiratory failure 343 (0.3) 1.1 (0.4) 259 (0.7) 1.1 (0.4) 71 (0.5) 1.2 (0.4) 343 (5.4) 1.1 (0.4)

Controller medications

ICS 79,381 (68.7) 1.8 (1.1) 34,344 (90.8) 2.6 (1.3) 10,725 (79.1) 2.3 (1.4) 5361 (84.4) 2.5 (1.5)

Nebulized CS 12,917 (11.2) 3.1 (3.4) 7370 (19.5) 4.3 (4.0) 2323 (17.1) 3.7 (3.7) 1352 (21.3) 5.6 (4.9)

Inhaled LABA 169 (0.1) 1.7 (1.3) 130 (0.3) 1.9 (1.4) 50 (0.4) 1.7 (1.5) 34 (0.5) 2.2 (1.6)

FDC ICS þ LABA 5319 (4.6) 1.9 (1.2) 3360 (8.9) 2.2 (1.4) 980 (7.2) 2.1 (1.3) 472 (7.4) 2.2 (1.4)

Montelukast 4mg 14,754 (12.8) 2.2 (1.5) 10,391 (27.5) 2.6 (1.6) 2558 (18.9) 2.3 (1.6) 1521 (24.0) 2.6 (1.7)

Xanthines 23 (0.02) 2.2 (3.0) 14 (0.04) 2.6 (3.6) 5 (0.04) 4.2 (4.9) 2 (0.03) 6.5 (7.8)

Reliever medications

Inhaled SABAs 82,242 (71.2) 1.9 (1.6) 35,910 (94.9) 2.8 (2.0) 11,840 (87.4) 2.8 (2.2) 6045 (95.2) 3.1 (2.8)

Co-therapy

Antibiotics 92,658 (80.2) 4.4 (3.7) 32,572 (86.1) 5.2 (4.4) 12,960 (95.6) 6.8 (4.6) 5305 (83.5) 5.1 (4.4)

OCS 71,250 (61.7) 1.8 (1.1) 28,395 (75.0) 2.1 (1.3) 13,554 (100.0) 3.6 (1.3) 5070 (79.8) 2.2 (1.7)

FDC¼fixed-dose combination, GP¼ general practitioner, ICS¼ inhaled corticosteroids, LABA¼ long-acting beta-agonists, OCS¼ oral corti-
ists.
c Ig
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Infants with severe RW had slightly higher counts of dispensa-
tions (2.3–2.6 U vs 1.8 U), but these figures were surprisingly
low. Of particular note is the use of OCS. This class of drug was
dispensed to over half of the cohort and just over 10% had at
least 3 dispensations during the follow-up period. The frequent
use of OCS could be because of the relative inefficiency,
irregular, or inadequate use (possibly owing to difficult use
of inhalation devices), of ICS in this population.16 The use of
OCS could also be due to conditions other than respiratory
symptoms, for example, ENT infections. However, the ‘‘fre-
quent OCS user’’ sugroup is of particular interest, as it is
characterized by frequent free-access-to-care status, and many
infants were followed by GPs exclusively, which might suggest
a lower quality of care in this subgroup. Poor control and

costeroids, RW¼ reccurent wheezing, SABAs¼ short-acting beta-agon�
Biological investigations include blood count and search for specifi
morbidity were also indicated by hospitalization for respiratory
symptoms (asthma, acute bronchiolitis, or respiratory failure)
that concerned 5.5% of RW infants, and which is consistent with

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
the literature, as it is reported that 6.3% of wheezing infants
required hospital admission for bronchiolitis.17 Overall, our
results confirmed the high use of healthcare resources owing
to wheezing disorders in infants, already shown in a French
study conducted on 560 infants.18 Additionally, it is interesting
to note that not only just over half had physiotherapy procedures
but also a substantial majority used antibiotics, and this
increased further in the severe subgroups. There is however
no evidence of clinical benefits from specific chest physiother-
apy techniques for infants with RW episodes,19,20 and there is
again little evidence to recommend the use of antibiotics to treat
or prevent persistent respiratory symptoms,21 especially in view
of the role of virus in these infections.22

This study was conducted using the SNIIR-AM database

E.
linked to the PMSI database12 that has the advantage to provide
an extensive access to reimbursed MRU including drugs,
medical procedures, medical and paramedical visits, as well
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FIGURE 1. Histogram of frequency of use of respiratory drugs,
oral corticosteroids, and antibiotics during 6-month follow-up

Belhassen et al
as individual medical resource utilization, in primary and
secondary care. However, there were certain limitations as
few variables in the SNIIR-AM are available to describe
patients: age, sex, free-access-to-care status, and LTD status
in case of more severe disease. SNIIR-AM does not include
clinical data (ie, results from blood tests), nor information on
family history. Prescriptions without dispensation are not
recorded, and dispensation does not ensure drug utilization
by the patient. Doses associated with prescriptions, or their
durations, are also not recorded.12 Finally, RW infants were
identified using at least 2 distinct respiratory drug dispensations
followed by a marker of poor control, as SNIIR-AM has no
diagnostic data. Nonetheless, considering the complexity of
reaching valid diagnoses in these very young subjects, the
criteria used to identify RW may be considered to be relevant.1

among recurrent wheezing infants (N¼115,489). The X-axis
represents the number of units dispensed and the y-axis the
percentage of infants.
The rate of outcomes during 6-month follow-up may have
been overestimated; as the proxy for the recurrence (of wheez-
ing) was initial poor control, these criteria may limit the

FIGURE 2. Schematic illustration of the overlap between the 3
sub-groups of severe recurrent wheezing (RW). A total of 44,984
RW infants were included in �1 severity sub-groups; the pro-
portion of infants in each subgroup, as well as overlap (% of those
with severe RW) is indicated.

6 | www.md-journal.com
generalizability of the findings. However, RW infants
represented two-thirds of wheezing infants (as defined by 2
distinct respiratory drug dispensations alone), and the import-
ance of this aspect is limited. An alternative could be to perform
a field study, but besides the practical limitations, for instance,
complex organization, such a design would be exposed to
selection (eg, compliant caregivers) and classification biases
(eg, identification of outcomes), which are avoided by using
claims data.

In conclusion, RW in infants was common and frequently
poorly controlled; further research is needed to better under-
stand the high MRU and to test methods for optimizing medical
care in this young population, for instance, regarding a more
efficient use of ICS, and a more parsimonious use of OCS,
SABAs, and antibiotics.
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