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a b s t r a c t

Objective: We investigated the real-world effectiveness of several drugs (including short- and long-
acting beta-agonists [SABAs and LABAs], inhaled corticosteroids [ICS], and antibiotics) in preventing
severe asthma exacerbations by carrying-out a large observational study based on the healthcare utili-
zation databases of the Italian Lombardy Region.
Methods: We identified all patients aged 6e40 years who performed an Emergency Department visit for
asthma during 2010e2012 as cases. To address bias due to unmeasured confounders, we implemented a
case-crossover (CC) design. Addressing other specific sources of systematic errors (e.g. protopathic bias)
was of particular concern in this study.
Results: A total of 7300 cases were included in the study. The CC odds ratios (95% confidence intervals)
for current vs. past use were 0.81 (0.71, 0.92) for SABAs, 0.83 (0.72, 0.96) for ICS, 0.78 (0.66, 0.91) for
LABA/ICS fixed combinations, 0.79 (0.65, 0.97) for other respiratory drugs, and 0.79 (0.69, 0.92) for
macrolides antibiotics. Sensitivity analyses showed that our results were robust with respect to several
sources of bias.
Conclusions: Our study provides evidence from the real-world clinical practice on the effectiveness of
several respiratory drugs and macrolides in reducing the risk of severe asthma exacerbations.

© 2016 Published by Elsevier Ltd.

1. Introduction

Asthma is a major public health issue worldwide due to its high
and increasing prevalence and associated burden [1e4]. Asthma
patients are at risk of experiencing exacerbation episodes, i.e.
events characterized by a progressive increase in symptoms and
decrease in lung functionality that require a change in treatment
[1]. Severe exacerbations, which may occur even in patients with
mild or well-controlled asthma [5,6], are potentially life-
threatening and require emergency medical care [1]. Given their
high impact on affected patients, minimizing exacerbations rep-
resents one of the main objectives of asthma drug therapy [1].

Several pharmacological agents are commonly used in the

current clinical practice for the care of asthmatic patients. These
include, among others, inhaled corticosteroids (ICS) and (possibly
improperly) antibiotics [1,7,8]. The use of these drugs to prevent
exacerbations is nevertheless supported by varying degrees of ev-
idence. For example, the efficacy of ICS in achieving symptoms
control, avoiding exacerbations, and preventing asthma-related
hospitalizations has been well established in several randomized
clinical trials (RCTs) [6,9,10]. On the other hand, the role of antibi-
otics in preventing asthma exacerbations is somewhat controver-
sial [11] and limited data is available from clinical trials [8,11].
Therefore, given their widespread use [1,7,12], it is important to
assess the effectiveness of all these drugs in reducing the risk of
severe exacerbations in the real-world clinical practice.

To address these issues, we conducted a population-based
observational study based on the healthcare utilization (HCU) da-
tabases of Lombardy, an Italian Region of about 10 million resi-
dents. The objective of this study was to assess the association
between use of ICS, bronchodilators, or antibiotics and the risk of an
Emergency Department (ED) visit for asthma. Addressing specific
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sources of systematic errors was of particular concern in this study.

2. Methods

2.1. Data source

Data for this study was extracted from the HCU databases of
Lombardy. In Italy, the entire population benefits from healthcare
assistance provided by the National Health Service (NHS), which in
Lombardy has been associated since 1997 with an automated sys-
tem of databases. These include: 1) an archive of NHS beneficiaries
(practically the whole resident population), reporting demographic
and administrative data; 2) an archive of hospital discharges,
reporting all diagnoses released from public or private hospitals; 3)
an archive of Emergency Department (ED) visits, reporting all di-
agnoses released from regional hospitals’ EDs; 4) an archive of
outpatient drug prescriptions, reporting all dispensations of NHS-
reimbursable drugs; and 5) an archive of beneficiaries of co-
payment exemptions, reporting data on all individuals benefitting
of an exemption because they were diagnosed a chronic disease.
For each patient, we linked these databases via a single anonymous
identification code preserving individuals’ privacy [13].

2.2. Study design

Since our aim was to study the effects of transient exposures
(e.g. availability of certain drugs) as a trigger of acute outcomes (e.g.
ED visits), the case-crossover design [14] was implemented in this
study. Accordingly, only individuals experiencing the outcome
under study (cases) were included. For each case, exposure status
during a period prior to the date of outcome onset was compared
with exposure status during a more remote period to estimate the
exposure-outcome association. Hence, since comparisons are made
within each case, potential confounding due to fixed individual
characteristics (e.g. gender) is entirely circumvented [14].

In more detail, all individuals aged from 6 to 40 years who were
released from an ED visit with a primary diagnosis of asthma be-
tween April 1, 2010 until December 31, 2012 were considered as
cases. The date of the first identified ED visit was defined the
outcome onset date (for each patient, ED visits subsequent to the
first were not considered). To make the study more relevant to its
aim, the following two categories of cases were excluded: 1) cases
who did not have at least 2 years of continuous observation prior to
the outcome onset date (in order to ensure enough data availability
to perform the analyses); 2) cases who experienced a hospitaliza-
tion for respiratory diseases or cancer in the two years prior to the
outcome onset date (in order exclude cases affected by severe
respiratory conditions or neoplasms). All remaining cases were
included in the subsequent analyses.

For each included case, all dispensations of drugs used for the
management of asthma and antibiotics received during the 2 years
prior to the outcome onset date were identified. Drugs used for
asthma managements included: inhaled corticosteroids, short-
acting beta-agonists, short-acting muscarinic antagonists, long-
acting beta-agonists, alone or in fixed combination with ICS, long-
acting muscarinic antagonists, or other respiratory drugs (e.g.
antileukotrienes).

In the case-crossover analysis, we evaluated whether each case
received at least one dispensation of one of the considered drugs
during two 90-day periods: one in the 0e90 days (current period)
and one in the 180e270 days (referent period) before the outcome
onset date. If the frequency of dispensations is stable over time (i.e.
if the frequency of drug use in the population that generated the
cases is the same in both the referent and current periods), then the
odds ratios (ORs) measuring the association between receiving a

dispensation of a specific drug for asthma management in the
current period and the risk of an ED visit for asthma, in comparison
with receiving no dispensations of the considered drug in the
current period, can be estimated by contrasting cases’ exposure
status in the current vs. referent windows [14]. In practice, ORs and
corresponding 95% confidence intervals (CIs) were estimated by
means of a conditional logistic regression model [14,15].

In this analysis, we took further steps to address the potential for
protopathic bias, a systematic error which occurs when the
outcome is associated with an exposure that may result from early
signs or symptoms of the outcome under study [16]. In our appli-
cation, an increased use of drugs for asthma management (expo-
sure) before an ED visit for asthma (outcome) can be expected as a
consequence of a worsening of asthma symptoms. Hence, a para-
doxical positive exposure-outcome association might be observed.
To address this issue, lag-times of 0, 30, 60, …, 210 days were
introduced between the outcome onset date and the start of the
current period. For each considered lag-time, the current and
referent periods were both moved back in time with respect to the
ED visit by an amount of days equal to the lag-time. For each lag-
time, we obtained the case-crossover OR measuring the associa-
tion between use of any drug for chronic respiratory diseases or
antibiotics and risk of an ED visit for asthma. In each case, the best
lag-time was estimated as the point where a specific regression
function for these delayed case-crossover ORs showed a disconti-
nuity [17].

2.3. Additional methodological issues

Two additional analyses were performed to address specific
methodological issues. First, we recognized that although case-
crossover estimates are not affected by confounding factors that
do not change in time, they may be still subjected to bias from
population-level temporal trends in exposure (e.g. seasonality in
drug prescriptions) [14,18]. Thus, we additionally implemented the
case-case-time-control design, an extension of the case-crossover
design, to address this possibility [18]. Accordingly, each case in
the previous case-crossover analysis (index case) was matched to a
control group made up of “future cases”. An estimate of the ex-
pected temporal trend in exposure was then computed by
considering the exposure status of each future case during the
current and referent time window of the corresponding index case.
This estimate was then used to adjust the case-crossover ORs for
the impact of temporal trends in exposure among index cases [18].

In more detail, a random sample of up to 10 future cases was
selected for each index case in the case-crossover analysis. Each
future case was selected among those who visited the ED after the
outcome onset date of the corresponding index case, matching for
age (±1 years) and gender. For each future case, current and
referent periods were defined as previously described with respect
to the outcome onset date of the corresponding index case. The ORs
obtained from a case-crossover analysis carried out among future
cases were then used as estimates of the expected temporal trends
in exposure. The ratio between the case-crossover ORs for index
and future cases then provided estimates of the exposure-outcome
ORs adjusted for the impact of time-varying exposure trends. In
practice, this analysis was implemented through a conditional lo-
gistic regression model [15,18].

Second, as the results of the case-crossover and case-case-time
control analyses are dependent on the chosenwidths of the current
and referent exposure windows, we performed a sensitivity anal-
ysis to evaluate the robustness of our results in this respect. Spe-
cifically, we varied the width of the exposure windows by plus or
minus 30 days, in each case estimating the corresponding ORs for
use of any respiratory drug or antibiotics.
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The SAS software (v9.3; SAS Institute, Cary, North Carolina, USA)
was used for analyses. All tested hypotheses were two-tailed and p-
values< 0.05 were considered statistically significant. All consid-
ered ATC codes (for drug dispensations) and ICD-9 codes (for hos-
pital diagnoses) are reported in the Web-Only Appendix 1.

3. Results

3.1. Patients

A total of 8391 patients who required ED care for asthma during
2010e2012 were identified. Of these, 523 were excluded because
they had less than 2 years of observation before the outcome onset
date. An additional 568 were also excluded because they experi-
ence at least one hospitalization for respiratory diseases or cancer
in the 2 years preceding the outcome onset date. The remaining
7300 patients were retained as cases. About 22.4% of these in-
dividuals were women and their mean (SD) age at outcome onset
was 22.4 (11.4).

Table 1 reports the distribution of use of the considered drugs
among included cases in three time periods: (a) in the 2 years
preceding to the outcome onset date; (b) in the 0e90 days prior to
the outcome onset date (current period); (c) in the 180e270 days
prior to the outcome onset date (referent period). About 81.6% of
cases received at least one dispensation of respiratory drugs or
antibiotics in the 2 years preceding the outcome onset date. In this
period, the three most used drugs were beta-lactams antibiotics
(53.7% of all cases), SABAs (41.1%), and ICS (36.3%). As expected, the
frequency of use of the considered drugs was lower than when
attention was restricted to the 90-days current and referent pe-
riods. The two respiratory drugs most used in the current period
were SABAs (17.8%) and ICS (13.0%). Instead, the two antibiotics
most used in the current period were beta-lactams (15.8%) and
macrolides (10.5%), for a mean course of about 5 days. Paradoxi-
cally, use of respiratory drugs and antibiotics was higher in the
current period than in the referent period.

3.2. Case-crossover analysis

Fig. 1 shows the trend of in the case-crossover ORs for the effect
of receiving any drug for chronic respiratory diseases or antibiotics
as a function of different increasing lag-times. In both cases, these
trends had a change point at around 120 days, with lag-times of 90

and 150 days providing similar ORs. Hence, a lag-time of 120 days
was considered in the subsequent case-crossover analyses.

Fig. 2 instead shows the ORs measuring the association between
use of the considered drugs and the outcome obtained in the case-
crossover analysis. Most of the considered respiratory drugs were
found to be statistically significantly associated with a reduced risk
of an ED visit for asthma. Specifically, statistically significant rela-
tive reductions in the risk of outcome onset ranging from 17% for
ICS to 22% for LABA/ICS and of 21% for macrolides were observed
among respiratory drugs and antibiotics, respectively. Additionally,
there was some evidence that use of LABAs, LAMAs, beta-lactams,
and fluoroquinolones (but not use other antibiotics) also reduced
outcome risk, although results were not statistically significant.

3.3. Additional analyses

In addition to the case-crossover results, Fig. 2 also shows the
drug-outcome ORs obtained in the case-case-time-control analysis

Table 1
Distribution of the use of the considered drugs among included cases in three time periods: (a) in the 2 years preceding the outcome onset date (first ED visit for asthma in
2010e2012); (b) in the 0e90 days prior to the outcome onset date (current period); (c) in the 180e270 days prior to the outcome onset date (referent period).

Period (a) 2 years prior to outcome
onset

(b) 0e90 days prior to outcome onset (current
period)

(b) 180e270 days prior to outcome onset (referent
period)

Variable N (%) N (%) N (%)

Use of drugs for chronic respiratory diseases:
SABAs 2998 (41.1%) 1302 (17.8%) 693 (9.5%)
SAMAs 127 (1.7%) 43 (0.6%) 26 (0.4%)
LABAs 156 (2.1%) 65 (0.9%) 41 (0.6%)
LABA/ICS 1651 (22.6%) 667 (9.1%) 444 (6.1%)
LAMAs 67 (0.9%) 25 (0.3%) 7 (0.1%)
ICS 2649 (36.3%) 948 (13.0%) 571 (7.8%)
Other respiratory

drugs
1133 (15.5%) 416 (5.7%) 317 (4.3%)

Any respiratory drug 4396 (60.2%) 2232 (30.6%) 1405 (19.3%)
Use of antibiotics:
Beta-lactams 3922 (53.7%) 1151 (15.8%) 849 (11.6%)
Macrolides 2545 (34.9%) 764 (10.5%) 435 (6.0%)
Fluoroquinolones 961 (13.2%) 260 (3.6%) 150 (2.1%)
Other antibiotics 398 (5.5%) 66 (0.9%) 64 (0.9%)
Any antibiotics 5069 (69.4%) 1919 (26.3%) 1323 (18.1%)

Fig. 1. Trend in case-crossover odds ratio for the association between use of any res-
piratory drug or antibiotics (exposures) and the risk of ED visits for asthma (outcome)
according to increasing lag-time periods before the outcome onset date. Footnote.
Odds ratios and 95% confidence intervals estimated by conditional logistic regression
models contrasting within-case exposure status during current and referent time-
windows.
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(using the same lag-time as in the case-crossover analysis). The
results of this analysis are all compatible with those obtained with
the case-crossover design, with a possible exception for LABA/ICS
(case-crossover OR, 95% CI: 0.78, 0.66e0.91; case-case-time-

control OR, 95% CI: 0.88, 0.74e1.04).
Table 2 instead reports the ORs for use of respiratory drugs or

antibiotics obtained in the case-crossover or case-case-time-
control analyses when varying the width or distance of the expo-
surewindows. In all cases, results did not substantially change from
those obtained in the main analysis.

4. Discussion

The results of this retrospective case-only observational study of
7300 patients who required emergency care for asthma provide
evidence that several respiratory drugs commonly used for asthma
management and specific types of antibiotics reduce the risk of
severe exacerbations in the real-world setting. In this study, for
instance, ICS reduced the 120-days risk of severe asthma exacer-
bations by about 17%, SABAs by about 19%, LABA/ICS by about 22%,
and macrolides by about 21%.

Current treatment guidelines provide clear recommendations
on which drugs should be considered in the therapeutic approach
for asthma control, for instance promoting the use of SABAs for
quick symptoms relief and ICS (alone or in combination with
LABAs) for long-term management [1]. Antibiotics have instead
only secondary role, as they are recommended exclusively for pa-
tients with clear indications of microbial infections [1]. Such rec-
ommendations are based on available evidence from RCTs
evaluating the efficacy these drugs in ameliorating asthma’s
symptoms and outcomes [1]. Nevertheless, evidence supporting
the role of antibiotics in asthma is still evolving [11], while

Fig. 2. Forest-plot of the odds ratios for the association between use of individual drugs or antibiotics (exposure) and risk of an ED visit for asthma (outcome) according to the case-
crossover and case-case-time-control designs. Footnote. Odds ratios and 95% confidence intervals estimated by conditional logistic regression models contrasting within-case
exposure status during current and referent time-windows. CC: case-crossover. CCTC: case-case-time-control. CI: confidence interval.

Table 2
Odds ratios (ORs) and 95% confidence intervals (CIs) for use of (A) respiratory drugs
or (B) antibiotics obtained in the case-crossover (panel 1) or case-case-time-control
analyses (panel 2) when the width of the current and referent exposure periods or
the distance between the two was set to 60, 90 (main analysis), or 120 days.

Varied quantity (A) Use of respiratory drugs (B) Use of antibiotics

OR (95% CI) OR (95% CI)

1) Case-crossover analysis
Distance between the exposure periods:
60 0.77 (0.70, 0.85) 0.91 (0.83, 0.99)
90 (main analysis) 0.66 (0.60, 0.73) 0.82 (0.75, 0.90)
120 0.64 (0.58, 0.70) 0.83 (0.76, 0.91)
Width of the exposure periods:
60 0.73 (0.66, 0.81) 0.84 (0.76, 0.93)
90 (main analysis) 0.66 (0.60, 0.73) 0.82 (0.75, 0.90)
120 0.64 (0.59, 0.71) 0.85 (0.78, 0.92)
2) Case-case-time-control analysis
Distance between the exposure periods:
60 0.74 (0.66, 0.82) 0.85 (0.77, 0.93)
90 (main analysis) 0.68 (0.61, 0.75) 0.81 (0.73, 0.88)
120 0.65 (0.59, 0.72) 0.79 (0.72, 0.87)
Width of the exposure periods:
60 0.76 (0.68, 0.85) 0.85 (0.77, 0.94)
90 (main analysis) 0.68 (0.61, 0.75) 0.81 (0.73, 0.88)
120 0.66 (0.60, 0.73) 0.82 (0.75, 0.89)
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respiratory drugs that demonstrated efficacy in the highly-
controlled setting of a RCT may still perform differently in the
real-world setting [19]. For this reason, it is important to evaluate
the effectiveness of all these frequently-used drugs [1,7,12] in the
current clinical practice [20]. Our study constitutes a step forward
in this direction.

In particular, consistently with available evidence [1,21], our
results highlight how SABAs and ICS are effective in reducing the
risk of exacerbations. Our results also provide some evidence that
LABA/ICS are effective in reducing the risk of severe asthma exac-
erbations too, as expected [1,22e24]. These results are comforting,
since SABAs, ICS and LABA/ICS were the most frequently used
respiratory drugs in our setting. In particular, these results show
that guidelines’ main recommendations for asthma therapy are
well represented in the real-world clinical practice [1], at least in
more severe asthma patients.

Interestingly, our results also support the notion that macrolide
antibiotics reduce the risk of severe asthma exacerbations. Even
though the main indication for antibiotics use was unknown in this
study, our findings are compatible with several observational and
clinical studies suggesting that macrolides are beneficial in asthma
[11,25e29]. For instance, in a meta-analysis of 18 placebo-
controlled RCTs which included 1306 asthmatic patients, long-
term use of macrolides improved forced expiratory volume in 1 s,
forced vital capacity, peak expiratory flow, and airway hyper-
responsiveness [25]. Nevertheless, there are still several gaps in
the available evidence [1,11,25e27], and in particular it is unclear
whether the benefits of macrolides in asthma are due to their anti-
inflammatory or anti-microbial effects [11,25,27]. Although this
study provides evidence from the real-world clinical practice that
macrolides may be beneficial in asthma, it is non-informative with
respect to pharmacological mechanisms. More in-vivo and in-vitro
studies are hence needed.

Other results of this study deserve to be mentioned. First, in
contrast with other studies [22e24], we found little evidence that
LABA/ICS provide a greater protection than ICS alone. The reasons
behind this are not entirely clear, but it is possible that more severe
patients receiving LABA/ICS (as recommended [1]) may benefit less
from combined therapy than less severe patients do from ICS alone.
Second, there was no evidence in our study that LAMAs reduce the
risk of exacerbations. Although tiotropium, the only currently
available LAMA, may be beneficial in asthma [30], too few cases
treated with this drug were included in this study to assess its
effectiveness with sufficient statistical power. Third, we found
some evidence suggesting that fluoroquinolones may reduce the
risk of asthma exacerbations. This possibility deserves more future
attention, since fluoroquinolones have been shown to have anti-
inflammatory effects in several in vitro and in vivo studies [31,32].

Our study had some limitations. First, since our study lacked
randomized treatment assignment, the results may have been
affected by uncontrolled fixed or time-varying confounding factors.
In our study, for instance, we could not directly control for the
specific asthmatic phenotype and severity level, concurrent COPD
diagnosis, smoking history, or seasonality effects, which are clearly
related to the risk of exacerbations and to drug use [1,33]. The case-
crossover and case-case-time-control designs should have helped
us in overcoming these issues. Specifically, the case-control design
is unaffected by fixed individual-level confounders (e.g. smoking
history, asthma phenotype, concurrent COPD) [14]. Instead, the
case-case-time-control design adjusts for population level trends in
the frequency of use of the considered drugs [18]. Nevertheless, the
major limitation of these two designs is that they are both
vulnerable to confounding due to within-person factors that may
change over time. For instance, one such factor is the belief that a
drug is ineffective. If a drug used in the referent period is thought to

have been ineffective, then this may not be used in the current
period. As a consequence, because both the case-crossover and
case-case-time-control ORs compare the frequency of exposure
between the referent and current periods [14,18], the estimated
associations may be dragged towards the null value.

Second, the results provided by the case-crossover and case-
case-time-control designs depend on the chosen width and dis-
tance of the current and reference exposure windows. Neverthe-
less, in a sensitivity analysis, the findings obtained in the present
study using these designs were found to be fairly robust to these
choices.

Third, since asthma is a symptomatic disease, our results may
have been affected by protopathic bias [16]. To address this issue,
we adopted a lag-time before the current and referent exposure
periods when assessing the use of the considered drugs [17]. The
use of a lag-time, however, has the disadvantage of making the
results dependent on its chosen value. Nevertheless, the consis-
tency of the lag-times identified in this study from data on the use
of either respiratory drugs or antibiotics lends credence to its
chosen value. In addition, different lag-times provided comparable
results, which thus should be fairly robust with respect to the
chosen lag-time.

Fourth, in absence of a gold standard for case validation, we
cannot be certain that only asthma exacerbation cases were
included in this study on the basis of ED diagnoses. It is possible, for
instance, that wheezing children, patients with an acute infectious
bronchitis, patients with panic attacks or vocal cord dysfunction, or
patients with COPD or asthma-COPD overlap syndrome may
require ED care, where they could be incorrectly classified as
asthmatic patients. Nevertheless, results did not change substan-
tially when only cases more likely affected by asthma (i.e. cases
who benefitted of co-payment exemptions for asthma) were
considered (results shown in Web-Only Appendix 2). In addition, a
good agreement was observed between ED and hospital asthma
diagnoses (results shown in Web-Only Appendix 2). These findings
suggest that potential errors in case ascertainment should have had
only a limited impact on our results.

Fifth, no information on the specific asthmatic phenotype (e.g.
allergic asthma, bronchial hyper-reactive asthma, etc.) of the
included cases was available in this study. More studies are there-
fore needed to assess the phenotype-specific effectiveness of the
considered respiratory drugs antibiotics in reducing the risk of
exacerbations.

Sixth and last, because in our study use of specific drugs was
assessed from data on drug dispensations, the validity of our
findings is based on the assumption that dispensed drugs are
actually used by patients. In the real-world, however, some patients
may not take the drugs they are dispensed, possibly dragging the
estimated associations toward the null [34]. Hence, our results may
understate the real effectiveness of the considered drugs.

In conclusion, our results provide evidence from the real-world
clinical practice on the effectiveness of different drugs for chronic
respiratory diseases and antibiotics in reducing the risk of severe
asthma exacerbations among young patients. In particular, our re-
sults underscore the importance of SABAs, ICS, and LABA/ICS for
asthma control, in agreement with current guidelines recommen-
dations. These are largely based on evidence from RCTs, whose
highly-controlled settingmay be far from the real-world conditions
in which drugs are actually used. Thus, our results from the actual
clinical practice provide an important complement to evidence
from RCTs. Additionally, our results suggest that macrolides anti-
biotics may have a role in avoiding asthma exacerbations, although
more data on their effectiveness, benefits, and drawbacks are
needed.
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Web-Only Appendix 1

International Classification of Diseases (9th revision) codes (ICD-9;

http://www.cdc.gov/nchs/icd/icd9cm.htm)) used to identify hospital diagnoses:

Asthma: 493.*.

Respiratory diseases: 460.*-519.*.

Cancer: 140.*-239.*.

Anatomic-Therapeutic-Chemical codes (ATC; www.whocc.no) used to identify individual drugs:

Antibiotics: J01*.

Inhaled Corticosteroids (ICS): R03BA01, R03BA02, R03BA03, R03BA05, R03BA08.

Short-Acting Beta-Agonists: R03AB02, R03AB03, R03AC02, R03AC03, R03AC04, R03AC07,

R03AC08, R03AC17, R03CB01, R03CB03, R03CB51, R03CB53, R03CC02, R03CC03,

R03CC04, R03CC06, R03CC07, R03CC53, R03AK02.

Short-Acting Muscarinic-Antagonists: R03BB01, R03BB02.

Long-Acting Beta-Agonists: R03AC12, R03AC13, R03AC18.

Fixed combination of Long-Acting Beta-Agonists and Inhaled Corticosteroids: R03AK06,

R03AK07.

Long-Acting Muscarinic-Antagonists: R03BB04.

Other respiratory drugs: any drug with ATC code R03* not considered above.
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Web-Only Appendix 2

Table A1 below reports the ORs for use of respiratory drugs or antibiotics obtained in the case-

crossover or case-case-time-control analyses when considering all cases or only cases who

benefitted of co-payment exemptions for asthma (1,668 of all included cases). Results did not

substantially change between these groups. In addition, 545 cases were hospitalized in the two

weeks following the ED visit for asthma. Of these, 405 (73.1%) received a hospital diagnosis of

asthma, highlighting a good agreement between ED a hospital asthma diagnoses.

Table A1. Odds ratios (ORs) and 95% confidence intervals (CIs) for use of (A) respiratory drugs or

(B) antibiotics obtained in the case-crossover (panel 1) or case-case-time-control analyses (panel 2)

when considering either all included cases or only cases who benefitted of co-payment exemptions

for asthma.

1) Case-crossover analysis

Considered cases (A) Use of respiratory drugs (B) Use of antibiotics

OR (95% CI) OR (95% CI)

All cases (main analysis) 0.66 (0.60, 0.73) 0.82 (0.75, 0.90)

Only cases with asthma exemptions 0.70 (0.60, 0.83) 0.80 (0.67, 0.95)

2) Case-case-time-control analysis

Considered cases (A) Use of respiratory drugs (B) Use of antibiotics

OR (95% CI) OR (95% CI)

All cases (main analysis) 0.68 (0.61, 0.75) 0.81 (0.73, 0.88)

Only cases with asthma exemptions 0.69 (0.56, 0.83) 0.72 (0.60, 0.87)
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