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Abstract

Background: Recurrent asthma-like symptoms are common in infants, but few
population studies describe diagnostic and treatment practice.

Methods: Using the electronic data repository of Clalit Health Services, the largest
integrated health care provider in Israel, we evaluated children born 2005-2012, who
before 3 years of age had >3 episodes of asthma-like symptoms and/or >2
bronchodilator purchases within a year. We described health care utilization and
the odds ratio for subsequent utilization after 3 and 12 months’ controller therapy.
The primary outcome measure was respiratory-related doctor visits. Linear and
categorical regression analysis measured overall effectiveness of therapy.

Results: Among 689 171 infants, 262 900 (38.1%) had > 3 asthma-like episodes/year
during at least 1 year. Of those, 26 108 (10%) purchased controller therapy: 20 316
(77.8%) inhaled corticosteroids (ICS) with or without leukotriene receptor antago-
nists (LTRA), and 5792 (22.2%) LTRA alone. For these 26 108 over 3 months there
were 93845 respiratory-related doctor visits, 3110 hospital admissions, 5568
diagnoses of pneumonia, 9960 chest X-rays, 37 127 purchases for oral steroids,
and 45142 for antibiotics courses. Healthcare utilization decreased following
ICS £ LTRA and LTRA alone, respectively, as follows: doctor visits 7% and 3%, chest
X-rays 16% and 17%, bronchodilators 20% and 11%, systemic steroids 17% and 12%,
and antibiotics by 35% and 22%, (P < .001 for all). Twelve months’ therapy remained
effective.

Conclusions: Asthma-like symptoms are common in infants. Health care utilization is very
high and physician practices should be reassessed. Following controller therapy, health
care utilization decreased. Yet controllers were prescribed in only a minority of eligible

children.

KEYWORDS
asthma, controller treatment, health care utilization, infantile asthma, infants, inhaled
corticosteroids, leukotriene receptor antagonists, preventive therapy, wheezing

1 | INTRODUCTION

One in three children experiences at least one acute wheezing

episode before the age of 3 years,* though not all develop persistent
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asthma.?® Nonetheless, infants with recurrent episodes of wheezing
or other asthma-like symptoms may experience severe exacerbations
requiring systemic glucocorticoids and bronchodilators, along with
frequent use of health care services.* Inhaled glucocorticoids (ICS)
and leukotriene receptor antagonists (LTRA) are the preferred
asthma controller therapies, according to the Global Initiative for
Asthma (GINA) guidelines.>® However, while some studies, including
the START study and a meta-analysis by Castro-Rodriguez et al,”®
have shown that ICS are efficacious in children under the age of 5
years, others, such as the Danish Pediatric Asthma center’s study,
Clavenna, and the ENBe Study Group have failed to demonstrate
short-term efficacy.”©

There are no large cohort studies of infants and toddlers
measuring the real-world effectiveness of controller therapy on
asthma-related symptoms or health care utilization. We used
electronic medical records from Clalit Health Services (CHS), the
largest single health care system in Israel, to evaluate the level

of health care utilization in this population and the effectiveness

of controller therapy in reducing asthma-related health care
utilization.

2 | METHODS

2.1 | Study design

This historical prospective study compared health care utilization
before and after the introduction of controller therapy among self-
matched children born between 2005 and 2012 who had asthma-like
symptoms and initiated controller therapy before age of 3 years
(Figure 1). We compared outcomes pretreatment (control group) vs
posttreatment (case group), for 3 and 12 months of therapy duration.

Our eligibility criteria were based on the GINA 2017 guidelines,®
which recommend daily ICS treatment for children with uncontrolled
asthma or more than three exacerbations per year, described as "a
history of respiratory symptoms such as wheeze, shortness of breath,

chest tightness, and cough." We therefore included children with at

between 2005-2012

689,171

Clalit HMO children <3 born

v

v

Excluded

Included

Healthy children with no
asthma-like symptoms,
those with chronic disease
other than asthma, those
born pre-term
426,271

Children with at least one of the following prior
to age 3 years, and with continuous
membership through that time
a. >3 "Wheezing"/"cough®/other respiratory
symptoms recorded by the primary care
physician within 1 year
b. 22 Bronchodilator MDI or nebulizer solution
vials purchased within 1 year
c. >2 courses systemic steroids purchased

within 1 year

262,900

Untreated
group

236,792

v

Purchased controller
medication before
age 3 sufficient for at
least 3 months

Treated
group
| 26,108
ICS LTRA
20,316 5,792

FIGURE 1 Study population: the algorithm for enrolling the study groups, presented as a flow chart. Of all children with asthma-like
symptoms, children were considered as using controller therapy if they purchased at least 3 months of consecutive therapy. With regard to ICS,
this included fluticasone propionate, 50 to 125 pg/dose, 100 doses/metered dose inhaler (MDI), >2 MDlIs within 3 months, and >4 inhalers for
1 year; beclomethasone dipropionate, 50 to 100 pg/dose, 200 doses/MDI, > 1 inhaler within 3 months, and >3 inhalers for 1 year; budesonide
nebulizer: >60 nebules of 1 mg each within 3 months and >180 amps for 1 year; The LTRA prescribed was Montelukast 4 mg/pill or sachet,
>56 pills/sachets within 3 months, and >168 doses for 1 year. ICS, inhaled corticosteroids; LTRA, leukotriene receptor antagonist
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least one of the following: (a) three or more asthma-like symptoms,
defined as episodes of "wheezing," "dyspnea,” "bronchitis," or
"asthma" recorded by the primary care physician (defined as a
"respiratory" visit) within 1 year; (b) two or more bronchodilator
metered dose inhalers or nebulizer solution vials purchased within
1 year (as each MDI has 125-200 doses, we considered that two
inhalers would likely represent therapy for three or more episodes);
(c) two or more courses of systemic steroids purchased within 1 year.
These inclusion criteria were similar to other large population asthma
and health care usage studies.*?

We excluded children with other pre-existing conditions require
systemic steroid therapy, those who were born prematurely, and
those who were not continuously members of CHS from birth

through 3 years of age.

2.2 | Context

Data were extracted from the CHS database. As the largest
integrated health care provider and insurer in Israel, CHS covers
over half of the national population and has a centralized database
warehouse collating clinical and administrative data from most
medical encounters of all members. To protect the privacy of CHS
members, deidentified data are analyzed in aggregate form. The

study was approved by the CHS institutional review board.

2.3 | Exposure

Children were considered as using controller therapy if they
purchased at least 3 months of consecutive therapy as defined by
GINA guidelines.® This was calculated to provide at least 50% of
treatment required for this period, as the least required for symptom
control.1? With regard to ICS, this included fluticasone propionate,
50 to 125 pg/dose, 100 doses/metered dose inhaler (MDI), >2 MDls
within 3 months, and >4 inhalers for 1 year; beclomethasone
dipropionate, 50 to 100 pg/dose, 200 doses/MDI, >1 inhaler within
3 months, and >3 inhalers for 1 vyear; budesonide nebulizer:
>60 nebules of 1mg each within 3 months and >180 amps for
1 year; the LTRA prescribed was montelukast 4 mg/pill or sachet,
>56 pills/sachets within 3 months, and >168 doses for 1 year.
Children who used both ICS and LTRA (any amount) during the
course of the study were designated to the ICS group.

2.4 | Outcome measures

The primary outcome measure was the number of respiratory-
related doctor visits. The secondary outcome measures were number
of respiratory-related hospital admissions, pneumonia diagnoses
(doctor diagnosis according to ICD-9 486.0), chest radiographs, and
use of the following pharmaceutical therapy: bronchodilators
including salbutamol MDI or nebulizer solution, terbutaline nebulizer
solution, oral steroids, and antibiotics (penicillin and its derivatives or

macrolides and their derivatives). We began measuring outcomes

. WiLEY-L2
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from 30 days following the initiation of controller therapy, when

treatment was most likely to have achieved its full effect.*®

2.5 | Covariates

Baseline demographics included sex (male or female), socioeconomic-
status ([SES] low, medium, or high, defined by the clinic catchment
area), ethnicity (Arab, Orthodox Jewish, or other, also as defined by
the clinic catchment area), and residence (rural or urban). Socio-
economic status was estimated based on the primary care clinic’s
designation, calculated by CHS based on available data of the mean
socioeconomic status of the neighborhood, as determined by the
Israeli Central Bureau of Statistics, and graded into three strata, low,
medium, and high.

Additional data evaluated included the recorded age and season
(April-August or September-March) of the first respiratory symptom,
age at initiation of controller therapy, reported smoking by either
parent, and having a positive modified asthma predictive index
(AP1).245> The modified API was defined for this study as at least one
of the following: eosinophils >4% or 500/uL absolute eosinophil
count from routine screening at 9 to 15 months of age; diagnosis of
atopic dermatitis, food allergy or allergic rhinitis; or parents with a
diagnosis of asthma or >2 purchases for bronchodilators as a sign of
parental asthma. These were the features of API that were available

from the patients’ electronic records.

2.6 | Analysis

Baseline demographics and risk factors for children with asthma-like
symptoms were compared with children without such symptoms.
Among those with asthma-like symptoms, we compare baseline
demographics and risk factors between those who did and did not go
on to receive controller therapy. Then, by each outcome, we
compared the number, rate, and average change 3 months before
and 3 months after the initiation of controller therapy. We also
conduct analyses of outcomes among patients who had 12 months of
therapy and 12 months of follow-up.

Linear regression analysis was used while adjusting for potential
significant covariates for continuous outcomes, and logistic regres-
sion was used for dichotomous outcomes. Unadjusted and adjusted
odds ratios (OR) were calculated for each outcome.

We also compared categorical factors between groups by;(2 test,
and for continuous distributions by Student t test. Statistical
significance was defined by a two-sided alpha level of .05 and 95%
confidence intervals for odds ratios were calculated. All analyses

were performed using SPSS version 23 (IBM Armonk, NY).

3 | RESULTS

This analysis included 689 171 infants and toddlers who were born
between 2005 and 2012. Among them, 262 900 (38%) had asthma-
like symptoms before age three according to GINA 2017 guidelines.
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TABLE 1 Total cohort characteristics and demographics stratified by the inclusion criteria of having asthma-like symptoms

Characteristic

Sex Male

Female

Missing
SES Low

Medium

High

Missing
Ethnicity Arab
Orthodox Jews
Nonorthodox Jews
Missing (%)
Rural

Urban

Residence

Missing
Smoking by either parent Yes
No
Missing
Season of first respiratory
symptom

April-August

September-March
Missing

Age at first respiratory Mo (mean[SD])

symptom

Total Nonwheezers Wheezers P value* (wheezers
N (%) N (%) N (%) vs nonwheezers)
689 171 (100%) 426271 (61 0.9%) 262900 (38.1%) <.001
352867 (51.20%) 202 689 (47.50%) 150178 (57.1%) <.001
335750 (48.70%) 223045 (52.30%) 112705 (42.9%) <.001
554 (0.08%) 537 (0.13%) 17 (0.0%)

309075 (49.4%) 175563 (47.3%) 133512 (50.8%) <.001
212278 (33.9%) 126 633 (34.2%) 85 645 (32.6%) <.001
104 447 (16.7%) 68611 (18.5%) 35836 (13.6%) <.001
63371 (9.2%) 55464 (13.0%) 7907 (3.0%)

209 631 (31.7%) 118 321 (29.5%) 91310 (35.0%) <.001
45 387 (6.9%) 33134 (8.3%) 12253 (4.7%) <.001
406 999 (61.5%) 249 609 (62.2%) 157 390 (60.3%) <.001
26854 (3.9%) 25028 (5.9%) 1826 (0.7%)

84 352 (12.80%) 57 942 (14.50%) 26410 (10.0%) <.001
576 410 (87.20%) 341 984 (85.50%) 234426 (89.2%) <.001
28409 (4.10%) 26 345 (6.20%) 2064 (0.8%)

265549 (42.2%) 156 827 (40.5%) 108 722 (41.4%) <.001
364104 (52.8%) 230802 (54.1%) 133302 (50.7%) <.001
59518 (8.6%) 38642 (9.1%) 20876 (7.9%)

146 835 (21.3%) 77 104 (18.1%) 69731 (26.5%) <.001
413084 (59.9%) 221354 (51.9%) 191730 (72.9%) <.001
129252 (18.7%)** 127 813 (30%)** 1439 (0.5%)

7.1 (6.3) 8.3 (7.1) 5.5 (4.6) <.001

Abbreviations: SES, socioeconomic status; SD, standard deviation.

*Total cohort characteristics and demographics stratified by the inclusion criteria of having asthma-like symptoms or not. y? test was done for statistical
analysis for all categorical characteristics except for age for which t test was used. P value indicates significant differences between the wheezers and the

nonwheezers children.

**No respiratory symptoms documented for many of the nonwheezers group.

Demographic features and risk factors comparing those with and
without asthma-like symptoms are shown in Table 1.

Preanalysis showed that children with asthma-like symptoms
who did not receive controller therapy were significantly
different in all parameters from those who received therapy,
suggesting that these groups were not comparable and possibly
had a different severity of illness. Therefore, subsequent analyses
were restricted to the cohort of children who received the
controller therapy.

Children with asthma-like symptoms were more likely to be
males, of a lower SES, living in an urban environment, and with
parents who smoked. The age of onset of the first respiratory
symptom was lower for those with recurrent asthma-like symptoms.
As expected, the first respiratory symptom occurred mainly in the fall
and winter seasons for all populations. Of note, many children within
the group of nonwheezers had no respiratory symptoms documented

till the age of 3 years.

Of those children with asthma-like symptoms, 26 108 (10%)
received controller therapy; 20316 (78%) received ICS with or
without LTRA, and 5792 (22%) received LTRA alone. Table 2 reports
the characteristics of these children according to the treatment
group.

There were significantly more males than females in both
treatment groups as compared with the untreated group (P <.001).
Children in the untreated group were more likely to come from a low
SES, whereas more in the ICS and LTRA groups came from a medium
SES. Most children were nonorthodox Jewish, but this was more
pronounced in those treated with ICS.

The percentage of parents who smoked was higher in the ICS
treated group. There was no difference among groups regarding the
week of birth or weight at birth.

Treated infants had their first respiratory symptom at a younger
age than the untreated infants. The season of the first asthmatic

symptom was similar for both treatment groups. Modified API
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TABLE 2 Patient with asthma-like symptoms characteristics and demography stratified by controller therapy

Characteristic

ICS treatment
N (%)
20316 (7.7%)

LTRA treatment
N (%)
5792 (2.2%)

No treatment
N (%)
236792 (90.1%)

WILEY-L

P value* (treated
vs not treated)

<.001

Sex Male 12765 (62.8%) 3690 (63.7%) 133723 (56.5%) <.001
Female 7550 (37.2%) 2102 (36.3%) 112705 (42.9%) <.001
Missing 1 (0.0%) 0 (0.0%) 16 (0.0%)

SES Low 6153 (30.3%) 2265 (39.1%) 125094 (52.8%) <.001
Medium 9026 (44.4%) 2378 (41.1%) 74241 (31.4%) <.001
High 4702 (23.1%) 1052 (18.2%) 30082 (12.7%) <.001
Missing 435 (2.1%) 97 (1.7%) 7375 (3.1%)

Ethnicity Arab 2348 (11.6%) 1290 (22.3%) 87 596 (37.0%) <.001
Orthodox Jews 759 (3.7%) 104 (1.8%) 10831 (4.6%) <.001
Nonorthodox Jews 17 208 (84.7%) 4398 (75.9%) 136 526 (57.7%) <.001

Residence Rural 2525 (12.4%) 664 (11.5%) 23221 (9.8%)
Urban 17774 (87.5%) 5125 (88.5%) 211527 (89.3%) <.001
Missing 17 (0.1%) 3 (0.1%) 2044 (0.9%) <.001

Either parent smoking Yes 9060 (44.6%) 2322 (40.1%) 97 340 (41.1%) <.001
No 10 303 (50.7%) 2761 (47.7%) 120238 (50.8%) <.001
Missing 953 (4.7%) 709 (12.2%) 19214 (8.1%)

Season of first respiratory symptom April-August 5633 (27.7%) 1670 (28.8%) 62428 (26.4%) <.001
September-March 14 672 (72.2%) 4074 (70.3%) 172984 (73.1%) <.001
Missing 11 (0.1%) 48 (0.8%) 1380 (0.6%)

Age at first respiratory symptom Mo (mean[SD]) 4.7 (3.4) 4.7 (3.9) 5.5 (4.7) <.001

Age at first dose ICS Mo (mean[SD]) 10.0 (5.9) 11.4 (6.2) 14.2 (8.1) <.001

Modified API Positive 15 141 (76.4%) 4241 (76.1%) 158419 (71.3%) <.001
Negative 4690 (23.6%) 1331 (23.9%) 63653 (28.7%) <.001
Missing 485 (2.4%) 220 (3.8%) 14720 (6.2%)

Abbreviations: API, Asthma Predictive Index; ICS, inhaled corticosteroids; LTRA, leukotriene receptor antagonist; SES, socioeconomic status; SD,

standard deviation.

*Wheezing infants characteristics stratified by controller treatment. y? test was done for statistical analysis for all categorical characteristics except for
age for which t test was used. P value indicates significant differences between the treated and not treated children.

documented positive for more treated children compared with the

nontreated group.

3.1 | Outcomes: health care utilization

Table 3 describes health care utilization, medication purchased, and
pneumonia diagnosis in those children that received controller
therapy. Absolute numbers of the outcomes are shown 3 and 12
months before and after, compared with after institution of asthma
controller medication.

Before therapy, health care utilization was extremely high.
For example, over 3 months, 20 264 infants before ICS controller
therapy had 70 880 doctor visits, 28 310 purchases for systemic
steroids, and 33709 purchases for antibiotics. Treatment with
ICS or LTRA for 3 months was associated with a significant
(P<.001) reduction in the rates of all health care services

utilization, medications purchase, and pneumonia diagnosis,

although most remained high. The rate of children that visited
the doctor for respiratory reasons decreased from 99% to 92%
using ICS and from 96% to 93% using LTRA. The most impressive
decline was in chest imaging rates (32%-16% using ICS and from
30% to 13% using LTRA), and systemic steroids purchase (57%-
40% using ICS and from 59% to 47% using LTRA). Other health
care utilizations rates decreased: hospital admissions (11%-8%
using ICS and from 8% to 6% using LTRA), pneumonia diagnosis
(15%-11% using ICS and from 9% to 7% using LTRA), broncho-
dilators purchase (91%-71% using ICS and from 85% to 74% using
LTRA), macrolide (57%-49% using ICS and from 61% to 57% using
LTRA), and penicillin (41%-30% using ICS and from 43% to 36%
using LTRA).

Only 3634 (17.9% of children receiving ICS controller therapy)
continued to 12 months usage of ICS, and only 1036 (18.1%
of children receiving LTRA controller therapy) continued LTRA for
12 months.
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TABLE 3 Changes in absolute numbers of health care services and medications purchases
A. Three months before and following the initiation of controller medications
Controller treatment ICS treatment LTRA treatment
Number of infants on controller 20263 5714
Outcomes in numbers 3 Mo pre 3 Mo post P value* 3 Mo pre 3 Mo post P value*
Doctor visits 70880 62480 <.001 22 965 15332 <.001
Hospital admissions 2588 1785 <.001 522 367 <.001
Pneumonia diagnosis 4822 3509 <.001 746 601 .004
Chest X-rays 7952 4039 <.001 2008 846 <.001
Bronchodilators 28533 24003 <.001 8726 6447 <.001
Systemic steroids 28 310 20363 <.001 8817 5989 <.001
Macrolide 20953 18 540 <.001 7251 6181 <.001
Penicillin 12756 9506 <.001 4182 3308 <.001
B. Twelve months before and following the initiation of controller medications
Controller treatment ICS treatment LTRA treatment
Number of infants on controller 3634 1036
Outcomes in numbers 12 Mo pre 12 Mo post P value* 12 Mo pre 12 Mo post P value*
Doctor visits 30259 18503 <.001 8518 7530 <.001
Hospital admissions 395 366 37 67 147 <.001
Pneumonia diagnosis 2101 849 <.001 206 150 .058
Chest X-rays 1911 127 <.001 446 55 <.001
Bronchodilators 12186 5560 <.001 3330 2134 <.001
Systemic steroids 9044 4382 <.001 2336 1638 <.001
Macrolide 8082 6146 <.001 2300 2049 <.001
Penicillin 4871 2332 <.001 1402 845 .045

Note: Data was included only for those children continuing controller therapy over the 12 month period.

Abbreviations: ICS, inhaled corticosteroids; LTRA, leukotriene receptor antagonist.

*Absolute numbers of the outcomes measured, comparing treated vs not treated children. The t test was done for statistical analysis. P value throughout
indicates significant differences between the treated children paired before vs during the treatment.

Similar findings with ICS therapy for 12 months, with an even
more dramatic reduction in chest imaging rates (34% rates to 3%
following 12 months’ of ICS treatment; 30%-5% with LTRA) and
systemic steroids purchases (57%-39%). Furthermore, diagnoses of
pneumonia dropped more significantly following the initiation of 12
months treatment (26%-13%). The rates for doctor visits reduced
from 98% to 94% during the treatment, bronchodilator (91%-72%),
macrolides (68%-59%), and penicillin (53%-32%) reduced as well, but
not hospitalizations (from 9% to 8% but P-value not significant), when
using ICS for 12 months.

As for the LTRA treatment most outcomes improved, although
the improvement was slightly less than with ICS for 3 months, except
for the reduction in chest imaging which the most prominent decline
following 12 months treatment with LTRA (30%-5%). LTRA was
effective in reducing most parameters. Doctor visits (94%-92%),
bronchodilators purchase (88%-75%), systemic steroids purchase
(56%-52%), and penicillin purchase (51%-40%). However, the rate of
hospitalization was higher during 12 months treatment (6%
increased to 12%), although numbers were small. Also, macrolides
purchases slightly increased (64%-65%) but without statistical

significance. Pneumonia diagnosis reduced from 10% to 9% but
without statistical significance.

Figure 2 demonstrates the reduction in health care services
utilization, medication purchased, and pneumonia diagnosis, compar-
ing ORs of usage/purchase/diagnosis for each child pre vs post
initiation of asthma controller medication.

ORs for all outcomes measured after 3 months’ treatment were
<1 for both ICS and LTRA controller therapy. The best ORs were for
doctor visits (0.13) during the ICS treatment, and chest imaging
(0.35) for the LTRA treatment.

Unlike the findings following a short period of preventive
treatment with LTRA, ORs after 12 months treatment were more
than 1 for hospital admissions (2.16) and minimally, for penicillin
purchase (1.07). The most striking reduction in OR was for chest
imaging (0.06 and 0.11) with both ICS and LTRA treatment.

Table 4 demonstrate the reduction in health care services
utilization, medication purchased and pneumonia diagnosis, compar-
ing mean usage/purchase/diagnosis for each child pre versus post
initiation of asthma controller medication and the difference
between them.
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FIGURE 2 Odds ratio for decreased health care and medication usage during controller treatment. A, Three months following initiation of
inhaled corticosteroids. B, Three months following initiation of leukotriene receptor antagonists. C, Twelve months following initiation of
inhaled corticosteroids. D, Twelve months following initiation of leukotriene receptor antagonists

Three months’ ICS or LTRA therapy significantly reduced the
mean number of all health care services, pneumonia diagnosis, and
medication purchase. Twelve months’ of ICS reduced the mean
number of all health care services, pneumonia diagnosis, and
medication purchase, but not hospital admissions. LTRA significantly
reduced the mean number of doctor visits, bronchodilators, and
systemic steroids purchase.

4 | DISCUSSION

This study is the largest to date evaluating young infants and toddlers
with asthma-like symptoms. The access to such a large medical
database provides us with a rich source of information and reveals
that the frequency of asthma-like symptoms in infants and toddlers is
high. Over a third of all infants fulfilled GINA criteria for asthma-like
symptoms,® similar to the Tucson and Bisgaard studies,'®*® but
double that in two recent real-world epidemiological studies.!??°
However, only a small minority received controller therapy, even
using permissive criteria of 50% of the recommended dose to define
controller user.

Our findings shed an important light on the real-world manage-
ment of these infants and toddlers. The group who received
controller therapy was analyzed in depth with regard to health care
utilization and revealed that the burden of care is very high. There
appears to be an overwhelming overuse of chest X-rays and

antibiotics for what are mostly viral-based episodes in this age

group.?! Current evidence further suggests that oral steroids are of
limited value for the treatment of what is frequently viral wheeze in
these young children, especially as outpatients.?? Any subsequent
plan to impact these practices would do well to consider what drives
health care practices of primary care pediatricians for this popula-
tion. An interesting study from the Netherlands described physician
prescribing behavior as a main determinant of adherence to ICS
therapy and that many patients, including those with viral wheeze,
receive frequent brief intermittent ICS courses.?® Our findings of
likely overtreatment with antibiotics and oral steroids, suggests that
in our population as well, treatment decision by health care providers
in this population are not guideline based.

We have shown that controller therapy was associated with a
significant reduction in health care utilization, although it remained high.
This would likely benefit many of the infants with recurrent asthma-like
symptoms who did not receive controller medication in our population,
and who indeed fulfill GINA guidelines.*® By comparison, a recent Belgian
study showed 28% controller use in young wheezing infants.* Most
studies, including two meta-analyses,>>?¢ have found that ICS in young
children reduce exacerbations, oral steroid, and bronchodilator use.

27,28

However, these studies were smaller, usually including children over

27-31 with short follow-up periods. 282 Most did not include

1 year of age,
children with chronic or recurrent cough?® although the 2017 GINA
guidelines define children with over two recurrent prolonged cough
episodes following a viral illness as asthmatic, at least at this stage of life.®

Low SES was associated with a higher prevalence of wheezing in

infants but controller therapy was less prevalent within the



8 | - LEVINE T AL
WILEY—
TABLE 4 Change in mean number of health care services and medications for each patient

A. Three months before and following initiation of controller therapy

ICS treatment LTRA treatment

Mean Mean

Delta (95% Cl) Delta (95% CI)

Outcomes 3 Mopre 3 Mopost *adjusted P value* 3 Mopre 3Mopost *adjusted P value*
Doctor visits 3.50 3.08 -0.40 (-0.45-0.36) <.001 4.02 2.68 -1.31 (-1.40-1.21) <.001
Hospital admissions 0.13 0.09 -0.04 (-0.05-0.03) <.001 0.09 0.06 -0.03 (-0.04-0.02) <.001
Pneumonia diagnosis  0.24 0.17 -0.06 (-0.08-0.05) <.001 0.13 0.11 -0.03 (-0.05-0.01) .004
Chest X-rays 0.39 0.20 -0.19 (-0.20-0.18 <.001 0.35 0.15 -0.20 (-0.22-0.18) <.001
Bronchodilators 141 1.18 -0.23 (-0.25-0.21) <.001 1.53 1.13 -0.40 (-0.44-0.36) <.001
Systemic steroids 1.40 1.00 -0.40 (-0.43-0.36) <.001 1.54 1.05 -0.51 (-0.58-0.44) <.001
Macrolide 0.63 0.47 -0.16 (-0.18-0.14) <.001 0.73 0.58 -0.16 (-0.21-0.11) <.001
Penicillin 1.03 0.91 -0.11 (-0.15-0.08) <.001 1.27 1.08 -0.19 (-0.25-0.12) <.001
B. Twelve months before and following initiation of controller therapy

ICS treatment LTRA treatment

Mean Mean

12 Mo 12 Mo Delta (95% CI) 12 Mo 12 Mo Delta (95% CI)
Outcomes pre post *adjusted P value pre post *adjusted P value
Doctor visits 8.41 5.14 -3.35 (-3.82-2.87) <.001 8.85 7.58 -0.99 (-1.99-0.07) .04
Hospital admissions 0.11 0.10 -0.01 (-0.03-0.05) .68 1.08 1.18 0.82 (0.00-3.54) .09
Pneumonia diagnosis 0.58 0.24 -0.33 (-0.44-0.22) <.001 1.96 1.53 -0.52 (-2.08-3.65) 6
Chest X-rays 0.53 0.04 -0.47 (-0.54-0.40) <.001 1.42 1.10 -0.68 (-2.22-2.22) 1
Bronchodilators 3.39 1.55 -1.57 (-1.80-1.33) <.001 3.66 2.70 -1.01 (-1.54-0.63) <.001
Systemic steroids 251 1.22 -1.51 (-1.80-1.22) <.001 4.04 3.05 -1.19 (-2.61-0.32) .01
Macrolide 1.35 0.65 -0.61 (-0.79-0.42) <.001 2.64 2.04 -0.50 (-1.14-0.54) 48
Penicillin 2.25 171 -0.89 (-1.17-0.61) <0001 3.46 3.06 -0.50 (-1.37-0.22) .16

Note: Associated events adjusted by: sex, socioeconomic status, ethnicity, residence, and smoking parents.
Abbreviations: Cl, Confidence interval; ICS, Inhaled corticosteroids; LTRA, leukotriene receptor antagonist.
“Linear regression was used for the adjustment of all variables. P value throughout indicates significant differences between pre vs post treatment

measured outcomes after adjustment.

Orthodox Jewish and Arab populations who tend to have a lower SES
as well as larger families and more crowded living conditions.3® The
Latino studies of wheezing infants found that a low household
income per month was associated with a higher prevalence of

1934 whereas others

recurrent wheezing and severity markers
showed only a slight effect of SES on wheezing in young children
and no effect in adolescents in Canada.®®

Our study included the youngest of infants, and indeed we found
that the mean age of onset of asthma-like symptoms was within the
first year of age and was lower in those using controller therapy
possibly suggesting a more severe phenotype.

Number of hospitalizations did not decrease following prolonged
controller therapy and even increased for those on LTRA for 12
months. This is not entirely surprising. Both Calpins’ meta-analysis
and a Cochrane’s analysis could not show benefit with regard to
hospital admissions with use of ICS controllers,24¢ Presumably our
group receiving controller therapy for a year had more severe
asthma, and therefore a higher chance of repeated hospitalization.

Indeed, hospitalization of itself is a marker of severe asthma, as
shown in a study of severe therapy-resistant asthma®’ with a risk of
readmissions following lower respiratory infections.®®

We found that ICS were more effective than LTRA although both
were associated with reduced health care utilization. Indeed, the GINA
guidelines recommend ICS as the first line and LTRA as only the second
line for controller therapy in young children. The PREVIA (Prevention of
Viral-Induced Asthma) study®’ demonstrated that montelukast used daily
for 12 months reduced the risk of exacerbation in 2 to 5-year-old
children and a retrospective pediatric study found that the risk of
emergency department visits, hospitalizations, and oral corticosteroid use
was similar with LTRA and ICS as controller.*®> However, other studies
failed to demonstrate the effectiveness of LTRA as a controller in young
children.*®

The number of chest radiographs following controller therapy
was markedly reduced, probably associated with the decreased
complications of uncontrolled asthma. Chest radiographs con-
stitute an exposure to radiation (80-110 uGy)*! with associated
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risks*? and a burden on limited health resources. Similarly, there
were less diagnoses of pneumonia following controller therapy
which is encouraging, considering the global health burden and
mortality due to pneumonia in young children.*® Consistent with
this finding, both the rate and absolute number of antibiotic
purchases decreased. Penicillin and macrolides are the most
prescribed antibiotics for proven or suspected lower respiratory
infections in children with asthma-like symptoms with up to 35%
treated with antibiotics,** despite the fact that these infections
are mostly commonly viral and trigger wheezing in young
children.*?> De Boeck et al found that antibiotics are more
commonly dispensed to children who have had an asthma drug
dispensed.?*

Some of the children requiring repeated courses of bronchodi-
lator and thus considered to require controller therapy, may in fact
have been mildly affected despite recurrent episodes, but these could
not be differentiated from the others using the database. Never-
theless, considering the high prevalence of recurrent asthma-like
symptoms and the significant reduction in health care utilization
including doctor visits, chest imaging, bronchodilator, and oral
steroids purchase, these findings suggest that the financial burden
could be markedly reduced if controller therapy were instituted
where appropriate according to asthma guidelines for this age group.

The strengths of this study, beyond the large sample size, are the
long period of follow-up and the young age of the patients, as well as
the collection of objective data.

As with most real-world database research, ours has several
inherent weaknesses, including its retrospective nature, based solely
upon electronic medical records, and without the possibility of
evaluating the actual consumption of medication. Because a control
group is lacking in this kind of study, we cannot eliminate the placebo
effect of instituting controller therapy. The most important limitation
was our inability to compare the treated and nontreated cohorts with
asthma-like symptoms as the large group of untreated children was
heterogeneous, differing in demographics and baseline parameters
from the treated group. Furthermore, the untreated group could not
be categorized by severity levels using the data in the electronic
records, so that we could not identify an appropriately matched
cohort of untreated children with asthma-like symptoms to compare
with the treated group. Other large real-world studies used
therapeutic typologies to classify infants into groups of severity
based on treatments before the index date: infants with no asthma
treatment, infants with reliever therapy alone, and infants already
receiving controller therapy.?® Since controller therapy was the
intervention in this study, it was statistically incorrect to use it as
part of a severity score. We could therefore not exclude the role
played by natural history as a bias of pre/post analysis. Many
toddlers have decreasing symptoms over time, and medication is
started in the period when symptoms are most severe. This was a
lesser confounder for the 3 months compared with 12 months
comparison period. Seasonality may have played a role in the
improvement after 3 months, if respiratory symptoms began in

winter and ceased in summer, although we compared the

i)

pre-controller findings to the period from only 1 month after
institution of controller therapy. Furthermore, the results over 12
months of treatment eliminate the effect of seasonality. The criterion
of “two or more bronchodilator purchases” was used to define
recurrent asthma-like symptoms. This was a bias influencing baseline
bronchodilator use. However, as an outcome measure, we were
interested in the change in bronchodilator use over time, making this
bias less relevant. The fact that the ICS group included some infants
also receiving LTRA, reduces somewhat the ability to compare the
effectiveness of ICS to LTRA. Finally, the prescribing behavior of the
physician after starting ICS in an infant may influence consecutive
treatment decisions, and might bias the reduction effect of health

care utilization.?®

5 | CONCLUSIONS

Asthma-like symptoms are common within the population of Israeli
infants and toddlers; however, controller therapy, particularly with
inhaled corticosteroids, is used in only a small proportion of these
children. We found that health care utilization, and particular doctor
visits, is extremely high in this group of children. Physician practices
do not appear to follow guidelines with respect to overuse of chest X-
rays, oral steroids, and antibiotics, and conversely, likely under-
utilization of controller therapy. Institution of controller therapy is
associated with a reduction in doctor visits and other respiratory-
related health care utilization. Our findings strengthen the recom-
mendation of the current GINA guidelines which suggest controller
therapy with ICS for infants and toddlers with asthma.
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