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ABSTRACT
Background: Administrative data has been used to quantify the amount of medication use
in order to identify at-risk asthma patients. In our previous study we used short-acting beta-
agonists (SABA) inhalers as a marker for asthma control.
Methods: We further analyzed patient data from the SABA inhalers study in which asthma
control was classified by GINA guidelines, physician assessment and the patients overall esti-
mation. We identified all short-acting bronchodilator purchases (SABA and anticholinergic
inhalers and solutions) in the year prior to administering the questionnaire relating to
asthma control, and compared inhaled and systemic steroid use.
Results: Of 241 asthma patients, 83 completed questionnaires. Using the GINA guidelines
criteria, 26 were symptom controlled, 46 were partially controlled and 11 were uncontrolled.
Using patients’ overall impression of their asthma control, mean annual short-acting bron-
chodilator purchases were significantly higher in the partially controlled and uncontrolled
patients (10 and 8.9 respectively) than in the controlled patients (2, p¼ 0.005). Most asthma
patients purchase less than half of the controller medications prescribed to them.
Conclusion: When using administrative data, 3 or more -of all types of short-acting bron-
chodilator purchases in one year should alert the physician to evaluate asthma control and
purchase alerts should notify both physicians and patients when controller consumption
is low.

Abbreviations: CHS: Clalit Health Services; GINA: Global Initiative for Asthma; HMO: Health
Maintenance Organization; ICS: inhaled corticosteroids; PCP: primary care physician; SABA:
short acting beta-agonist; SAMA: short-acting muscarinic antagonist
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Introduction

Asthma is an obstructive chronic disease which has
increased in prevalence over the past decades with a
higher morbidity, mortality and economic burden (1).
Only a minority of asthma patients (33.5%) have
reported using long-term controllers (oral or inhaler)
while most patients (64.4%) use quick-relief inhalers
(2). Overuse of reliever medications increases the risk
for asthma attacks, hospitalizations and mortality;
these events directly correlate with the amount of
inhaler use (3–7).

In recent years administrative data has been more
frequently used in order to evaluate the association
between asthma prescriptions and disease outcomes.
Using computerized databases it has been found
that the dispensing of short-acting beta-agonist (SABA)
canisters correlates with asthma exacerbations (8,9).
Furthermore, a higher controller to bronchodilator

medication prescriptions ratio has been seen to
inversely correlate with hospital admissions, emergency
department visits and asthma exacerbations (10–15). A
recent systemic review found some evidence that elec-
tronic alerts reduce excessive prescribing of SABAs
when delivered as part of a multicomponent interven-
tion in an integrated health care system (16).

In our previous study we extracted administrative
data of SABA inhaler purchases to classify asthma
symptom control using three methods: GINA guide-
lines using patient questionnaires, overall estimation of
asthma control by the patient and the primary care
physician’s (PCP) estimation (17). A correlation
between asthma control and the number of SABA
inhalers purchased was found only when we used the
patients’ overall estimation of asthma control. The
mean numbers of SABA inhalers purchased were 1.5,
4.4 and 6.4 per year in the controlled, partially
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controlled and uncontrolled groups respectively
(p¼ 0.03). We suggest that when using administrative
data, 2 or more SABA inhaler purchases in one year
should alert the physician to perform an asthma con-
trol evaluation. Patients’ classification of their asthma
control had better agreement (kappa ¼ 0.34) with
GINA guidelines than physician’s estimation (kappa
¼ 0.05).

Since rescue medication is used also in inhalation
solutions and some patients use short-acting muscar-
inic antagonists (SAMA) instead of SABAs, we
decided to further analyze in the same study popula-
tion, the purchase of all short-acting bronchodilator
medications (total number of medication purchases
and powered calculations of drug doses) as well as
inhaled corticosteroids (ICS) and systemic steroids. In
the previous study we counted only SABA inhalers as
a marker for asthma control. In this study, we
hypothesize that when using all types of rescue medi-
cations, a larger amount of medication would
be found as a marker for asthma that is not well-con-
trolled. This study will further quantify the medication
and validate it statistically.

Methods

The study was conducted in community clinics in the
Dan-Petah-Tiqwa district of ’Clalit Health Services’
(CHS), the largest publically funded Health
Maintenance Organization (HMO) in Israel. In Israel
patients have free access to their PCP, and all drug
purchases are computerized. The study was approved
by the Institutional Review Board of Meir Medical
Center, Kfar-Saba, Israel.

Briefly, patients and PCPs were recruited from
November 2012 through August 2014 in the Dan -
Petah-Tiqwa district in the center of Israel. We pro-
vided a list of patients who had purchased SABA
inhalers in the previous 12months, to PCPs who were
required to grade the level of asthma control of their
asthmatic patients. Asthma patients were asked to com-
plete a multiple-choice questionnaire regarding their
asthma symptoms with respect to the GINA guidelines
(18) criteria for symptom control and to grade their
overall asthma control during the past 12months.

Asthma level of symptom control according to the
GINA guidelines (18) was classified using patients’
questionnaires by addressing their answers to the rele-
vant questions according to the GINA guidelines. For
each patient we determined asthma control using the
patients’ and physician’s’ questionnaires. Thus we
obtained 3 separate estimates of asthma control: (1)

PCP estimates; (2) patient overall self-estimates; (3)
estimates according to GINA guidelines. A detailed
description of the methods is described in the original
study publication (17).

Drug calculations

At first we calculated the mean number of all short-
acting bronchodilator purchases in the form of
inhalers and solutions for inhalations during the
course of one year and compared them between the
asthma control groups. However, since the total num-
ber of doses is different between inhaler and solution
packages, we calculated the power for each medication
purchased according to the most frequently used
doses in Israel. We used the SABA MDI of salbutamol
100mcg and SAMA MDI of ipratropium bromide
20mcg inhalers as the reference (200 puffs � 2 puffs
each time ¼ 100 doses) which were given power
1.The SABA turbuhaler of terbutaline 500mcg (200
puffs- 1 puff each time ¼ 200 doses) was given power
2. Bottles of bronchodilator solution were powered as
follows; salbutamol was given the power of 0.4 (40
doses), terbutaline the power of 0.3 (30 doses) and
ipratropium bromide the power of 0.2 (20 doses).
Since this last drug is used mostly in combination
with a SABA we added it only if the patient didn’t
purchase SABA solutions in the previous 3months.

For ICS, we calculated the number of steroid
inhalers with or without LABA in one year. Since
some patients use nebulized steroids in solution we
evaluated each month of any steroid solutions pur-
chased to be equal to one inhaler.

For systemic steroids we calculated the number of
months that patients purchased systemic steroids (par-
enteral or injection) in one year.

Statistical analysis

ANOVA was used to compare between groups for con-
tinuous parametric variables, and the Kruskal-Wallis
rank-sum test for non-parametric variables. Normality
of variables was tested using the Shapiro-Wilk Test of
normality. Equality of variances between groups was
checked using Levenes Test. For categorical variables we
used the Chi-squared Test or Fisher’s exact test where
the cells were small. For correlations we used Pearson’s
rank test for continuous parametric variables and
Spearman’s rank test for non-continuous variables.
Statistical analysis was performed using R software, ver-
sion 3.4.1 (R Project for Statistical Computing).
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Results

Twenty three of 39 (59%) PCPs serving approximately
30 000 patients from 11 clinics agreed to participate in
the study. Using administrative data, we found a total
of 475 patients (1.58%) who purchased SABA inhalers
during the 12months prior to our first contact with
the PCP. Of the 475 patients, 241 patients had asthma
according to the PCPs’ questionnaires, however, only
83 (34%) completed patient questionnaires. Patient
characteristics are summarized in Table 1 in our ori-
ginal publication (17).

Using GINA guidelines criteria for patient symp-
tom control we found 26/83 (31.3%) to be controlled,
46/83 (55.4%) to be partially controlled and 11/83
(13.3%) to be uncontrolled patients. Classification
according to PCP’s estimation had 59/83 (71.1%) con-
trolled, 18/83 (21.7%) partially controlled and 6/83
(7.2%) uncontrolled patients. Eighty-two of the
patients graded their own overall estimation of their
asthma control; 41/82 (50%) classified themselves as
controlled, 25/82 (30.5%) as partially controlled and
16/82 (19.5%) as uncontrolled patients.

Rescue medication purchases - mean number

Using the all types of rescue medication purchases
(SABA and SAMA inhalers and solutions) the only
statistically significant differences were found when
asthma control was classified by the patients. The

mean annual rescue medication purchases were sig-
nificantly higher in the partially controlled and
uncontrolled patients (10 and 8.9 respectively) com-
pared to controlled patients (2, p¼ 0.005). The 75th

percentile for the controlled group was 2 medications
(equal to the median of the partially controlled group)
while the median of the uncontrolled group was 3.

Using asthma classification by GINA criteria and by
the physicians’ estimation, higher medication purchases
were found in the uncontrolled and partially controlled
patients compared to controlled patients although they
were not statistically significant. By GINA criteria the
mean rescue medication purchases were 16.7 and 5.2
for the uncontrolled and partially controlled patients
respectively and 1.9 for the controlled patients
(p¼ 0.46). Purchases according to the physicians’ esti-
mation were 14.8 and 4.8 for the uncontrolled and par-
tially controlled patients respectively and 5 for the
controlled patients (p¼ 0.29). Table 1 summarizes the
asthma medication purchases according to the level of
asthma control using all 3 methods.

Rescue medication purchases - powered
calculation

Once again statistically significant differences were
found only when using the patients’ general assess-
ment of asthma control. The mean of all-types of
short-acting bronchodilator purchases using the power
calculations were 8.4 and 5.9 for the uncontrolled and

Table 1. Asthma medication purchases according to symptom control classification by the GINA guidelines, physicians’ and
patients’ assessments.

Asthma Control

Total Controlled Partially Controlled Uncontrolled p-value

Asthma control by GINA guidelines
No. of patients (%) 83 26 (31.3) 46 (55.4) 11(13.3)
Age yrs (SD) 37.7 (11.1) 36.2 (11.3) 37.4 (11) 42.8 (10.6) 0.24
Male (%) 42 (51) 18 (69) 17 (37) 7 (64) 0.02
Short-acting bronchodilators purchase -total mean (SD) 5.69 (14.75) 1.85 (2.11) 5.22 (9.01) 16.73 (35.13) 0.46
Short-acting bronchodilators purchase -weighted mean (SD) 4.25 (8.15) 1.74 (2.12) 4.24 (6.24) 10.25 (17.4) 0.65
ICS purchase mean (SD) 3.59 (4.44) 3.85 (4.88) 3.26 (4.35) 4.36 (3.93) 0.43
Systemic steroids purchase mean (SD) 0.55 (1.9) 0.12 (0.33) 0.65 (2.04) 1.18 (3.28) 0.43
Asthma control by physicians
No. of patients (%) 83 59 18 6
Age yrs (SD) 35.6 (11.2) 44.3 (8.8) 38.3 (10.7) 0.014
Male (%) 31 (53) 8 (44) 3 (50) 0.83
Short-acting bronchodilators purchase mean (SD) 5.03 (15.52) 4.78 (8.77) 14.83 (20.11) 0.29
Short-acting bronchodilators purchase -weighted mean (SD) 3.81 (7.82) 4.04 (7.43) 9.22 (12.67) 0.26
ICS purchase mean (SD) 2.98 (3.85) 3.94 (4.09) 8.5 (7.8) 0.037
Systemic steroids purchase mean (SD) 0.24 (0.6) 1.33 (3.53) 1.33 (3.27) 0.81
Asthma control by patients
No. of patients (%) 82� 41 25 16
Age yrs (SD) 35.7 (10.7) 37.8 (11.5) 42.1 (11.2) 0.152
Male (%) 24 (59) 8 (32) 9 (56) 0.096
Short-acting bronchodilators purchase mean (SD) 1.98 (3.57) 9.96 (8.4) 8.88 (11.24) 0.005
Short-acting bronchodilators purchase -weighted mean (SD) 1.73 (2.69) 5.88 (11.13) 8.42 (10.2) 0.005
ICS purchase mean (SD) 3.05 (4.19) 4.44 (5.19) 3.5 (3.90) 0.33
Systemic steroids purchase mean (SD) 0.1 (0.3) 0.56 (1.64) 1.75 (3.71) 0.07

ICS: inhaled corticosteroids; SD: standard deviation. � 1 patient did not classify his asthma level of control.

JOURNAL OF ASTHMA 3



partially controlled patients respectively and 1.7 for
the controlled patients, p¼ 0.005 (Figure 1). The cal-
culation of -mean medication purchases, using the
asthma classification by GINA criteria and by the
physicians’ estimation, yielded a higher but not statis-
tically significant number of purchases in the uncon-
trolled and partially controlled patients compared to
the controlled patients. By GINA criteria the mean
powered rescue medication purchases were 10.3 and
4.2 for the uncontrolled and partially controlled
patients respectively and 1.7 for the controlled
patients (p¼ 0.65). Purchases according to the phys-
icians’ estimation were 9.2 and 4 for the uncontrolled
and partially controlled patients respectively and 3.8
for the controlled patients (p¼ 0.26).

Inhaled corticosteroids purchases

A statistically significant difference was found only
according to physicians’ classification of asthma con-
trol. ICS purchases were 3, 3.9 and 8.5 in the con-
trolled, partially controlled and uncontrolled groups
respectively (p¼ 0.037).

Small purchases were found equally between
asthma control groups when we used the GINA classi-
fication � 3.9, 3.3 and 4.4 (p¼ 0.43) or the patients’
overall estimation- 3.1, 4.4 and 3.5 (p¼ 0.33) in the
controlled, partially controlled and uncontrolled
groups respectively (Table 1).

Systemic corticosteroids purchases

Overall, the controlled patient group in each method
of classification purchased less, albeit not statistically
significant, systemic corticosteroids than the partially
and uncontrolled patients (Table 1). However, in the
patients’ general self-assessment of asthma control
classification a trend was observed in which the aver-
age purchase was 0.1 among the controlled patients,
0.56 in the partially controlled and 1.75 in the uncon-
trolled patients (p¼ 0.07). Only 4 of 41 (0.98%)
patients purchased systemic steroids in the controlled
group in this classification compared to 6 of 25 (24%)
and 5 of 11 (45%) in the partially controlled and
uncontrolled groups (p¼ 0.046).

Correlation between short-action bronchodilators,
ICS and systemic steroids

Moderate correlations were found between the mean
weighted short-acting bronchodilators, ICS and sys-
temic steroids in one year when calculated for all
patients regardless of asthma control. The Pearson
correlation between short-acting bronchodilators and
ICS was 0.35. The Spearman correlation was 0.37
between short-acting bronchodilators and systemic
steroids and 0.21 between ICS and systemic steroids.

Discussion

Asthma control continues to be a major challenge for
both physicians and patients. Despite improvements
in asthma treatment over the last decades, most
patients do not receive maintenance therapy, are not
symptom controlled and use bronchodilators as their
primary treatment (2,19). In order to identify asthma
patients who are not controlled, we novelly, to the
best of our knowledge, combined all their short-acting
bronchodilator purchases (inhalers and solutions) and
matched them to their asthma symptom control.

In our former study we used only SABA inhalers
as a marker for asthma control (17), however,
patients, mostly with more severe and uncontrolled
disease, use solutions for inhalation for quick relief.
Quantifying the sum of inhalers and solutions is not
obvious since different inhalers and solutions contain
different doses and in addition have different shelf
lives after opening and thus can be used for different
periods of time until their expiration date. Therefore,
in this study we calculated the use of any short-acting
bronchodilator medication using different methods.
First, we counted all short-acting bronchodilator pre-
scriptions in one year and compared them between

Figure 1. Short-acting bronchodilators purchased in one year
according to patients’ classification of asthma control (powered
calculation). The box represents 25th and 75th percentile, the
line in it representing the median, the asterisk is the mean,
the whiskers represents 1.5X interquartile range and the dots
represents external values.
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the different asthma control groups under each
method of classification (GINA guidelines, PCP’s and
patients estimations). In the second stage we powered
each drug according to the number of doses that
could be derived according to common practice
in Israel.

As in our former study of SABA Inhalers (17), in
all of the three methods of classification, controlled
patients purchased less short-acting bronchodilators
than uncontrolled patients, however, the only statistic-
ally significant differences were found when using the
patients’ overall estimation for asthma control. Our
results showed again that physicians’ estimation of
asthma control was further from the GINA guidelines
than the patients’ overall estimation. Agreement of
asthma control between patients and physicians has
been seen to be low in previous studies in both chil-
dren and adults (20–22). Lately it has been seen that
PCPs do not employ a standardization tool to monitor
asthma control (23) and that an asthma-related out-
patient visit to a general practitioner in the previous
year is associated with a higher likelihood of inappro-
priate SABA use (24).

The purpose of our studies is to help PCPs detect
uncontrolled asthma patients by using available and
simple administrative data such as medication pur-
chases. Since the 75th percentile for the controlled
group was 2 rescue medications a year and while
most patients with asthma that is not controlled pur-
chase more rescue medications a year, we suggest that
.a purchase of 3 or more should alert physicians to re-
assess asthma control. In our previous study we used
only SABA inhaler purchases and suggested that 2 or
more purchases in one year should alert the physician
for the need for asthma control evaluation. As we
hypothesized, compared to our previous study, larger
quantities and combinations of rescue medications
were found to be an alert for asthma that is not con-
trolled (3 vs. 2). However, since different patients use
short-acting bronchodilators in different modalities,
we believe it is better to be alerted for "over-consump-
tion" of all types of drugs. Drug doses may be differ-
ent between inhalers and solutions, however, when we
used the powered calculation of all types of short-act-
ing bronchodilators, small and not clinically signifi-
cant differences were found between this analysis and
the simple sum of the packages purchased in a year.
Thus using the count of all purchases of all types of
short-acting bronchodilator medications per year is a
simple and validated marker for uncontrolled asthma.

Our results, using adjusted number of all types of
short-acting bronchodilator purchases in one year as a

marker for uncontrolled asthma is different from
other studies due to the different methods and differ-
ent outcomes that were used. A previous study by
Schatz et.al (14). that was conducted in a selected
group of persistent asthma patients (selected from a
database using electronic criteria) found that a pur-
chase of 6 or more SABA canisters was associated
with increased subsequent emergency hospital care. In
a different study, cutoffs of 11 and 12 SABA canisters
dispensed in a year were found to predict a high risk
for emergency hospital care and for oral corticosteroid
dispensation, respectively (8). The reason for these
differences is that our study uses administrative data
in order to identify all asthma patients and classify
their level of control according to questionnaires,
hence the smaller number of medications we found to
indicate at-risk community asthma patients even if
they do not seek special medical intervention.

Inhaled corticosteroid purchases were equally low
(3.1–4.4 medications per year) for all asthma control
levels according to GINA guidelines and patients
overall impression of asthma control. Interestingly, by
PCP’s classifications uncontrolled patients purchase
statistically significant more ICS than controlled and
partially controlled patients (8.5 vs. 3 and 3.9 respect-
ively, p¼ 0.037). This observation might be explained
by a bias of PCP’s that recalled patients as uncontrolled
when they prescribed high quantities of ICS medica-
tions. Several studies using administrative data found
worse asthma outcomes for patients with a lower con-
troller to reliever medication ratio (10–15). Since signifi-
cant differences were not found, either in the number
of ICS purchases between asthma control groups
according to patients’ overall estimation or in the short-
acting bronchodilator purchases according to PCP’s
estimation, this ratio has no meaning in our study.

Although systemic steroid use was more prevalent
in the uncontrolled patients according to the patients
overall estimation of asthma control (0.98% in the con-
trolled group compared to 24% and 45% in the par-
tially controlled and uncontrolled groups respectively;
p¼ 0.046) the average number of months of systemic
steroid use was low at all levels of control (0.1–1.75).
Since every systemic steroid use should alert the phys-
ician to evaluate asthma control, these numbers are not
clinically relevant, rather a confirmation for the consist-
ently better classification of asthma control according
to patients overall estimation.

Correlations between short-acting bronchodilators
and ICS and between short-acting bronchodilators
and systemic steroids were moderate (0.35 using
Pearson’s correlation and 0.38 using Spearman’s
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correlation respectively). The first finding might be in
contrast to the idea that the more ICS the patient uses
the less short-acting bronchodilators he needs.
However, given the low amount of ICS use (mostly 3–4
medications a year), patients who need more short-act-
ing bronchodilators are convinced to use slightly more
ICS. Had they used ICS most of the year, the less short-
acting bronchodilators would be needed. Furthermore,
since some patients are using combined ICSþ LABA in
some inhalers as a reliever therapy, it may seem that
patients using more ICS are less controlled. Also, as
expected, the more short-acting bronchodilators used
the more systemic steroids were needed.

There were several limitations in our study. First,
our original group was asthma patients that were
detected according to SABA inhalers purchased and
not other asthma medications available. Since more
uncontrolled patients usually purchase more solutions
for inhalations (bronchodilators, inhaled steroids)
and systemic steroids they could have increased the
differences between the groups. Furthermore, some
patients use LABA with or without ICS as a quick
reliever which leads to lesser short-acting broncho-
dilator consumption, however, in our study the use
of ICS including combined ICS and LABA was low
and not statistically significant different between
the groups.

Another limitation of the study is that asthma
symptom control assessment by the GINA guidelines
(18) referred to the previous 4weeks while in our
study we extended it for one year in order to match
with medication purchases over the entire year.
Asthma severity and control often fluctuate over time
(seasons, viral infections, allergies etc.), thus patient
recall of control over an entire year may be imprecise.
Nevertheless, patient overall estimation of asthma con-
trol was consistently statistically significant.

Finally, patients purchase more inhalers than they
actual need for rescue use such as for several locations
(home, car, work etc.) or for sports activities (usually
the better controlled patients). However, given the low
medication purchases of the controlled asthma
patients we would not expect a significant bias with
respect to this behavior.

In conclusion, we found that using all short-acting
bronchodilator purchases, whether inhalers or solutions
for inhalation, 3 or more medication purchases in one
year should alert physicians to re-assess asthma control.
Most asthma patients purchase less than half of the
controller medications prescribed for them. We suggest
regular administrative alerts for both the physicians
and patients when purchase of controllers is low.
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