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Abstract

Background: Low adherence to asthma controllers is known to increase the risk of
uncontrolled disease and poor health outcomes. We aimed to study risk factors of
long-term adherence to preventive medications in children and adolescents with
asthma.

Methods: Adherence was assessed during a two-year period in 155 children with
asthma followed in a tertiary pediatric asthma outpatient clinic using percentage of
days covered (PDC) based on physician prescriptions and pharmacy claims data. The
risk factor analysis included age, sex, ethnicity, BMI, atopic comorbidity, spirometry
incentives, and fractional exhaled nitric oxide (FeNO).

Results: Ninety-five children, 50 (53%) males, mean age of 16.3 years (SD, 2.36), re-
ceived at least one prescription for asthma controllers in the study period. Fifty-two
(54%) children were classified as non-adherent with a PDC cutoff at 80%. Adherence
was negatively associated with age: adherence ratio (AR) 0.84 (95% ClI, 0.73-0.95),
P = .008; forced expiratory volume in 1 second (FEV1): AR per L 0.6 (0.91-1.0),
P = .03; unfilled inhaled beta-2-agonist prescription: AR 0.45 (0.23-0.89), P = .02;
and FeNO level: AR per ppb 0.98 (0.97-0.99), P = .03, where age and FeNO retained
significance in multivariate analysis. Type and number of asthma controllers were not
associated with adherence.

Conclusions: This study shows low adherence to preventive medication among half
of the children with asthma, which is associated with increasing age and FeNO level.
Therefore, an extra effort should be directed toward teenagers transitioning from
pediatric to adult medicine and toward inhaled corticosteroid-treated patients with

elevated FeNO to increase their adherence to asthma controllers.
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1 | INTRODUCTION

Asthma is the most common chronic illness in children and a com-
mon cause of hospital admission.’® Adherence to asthma controllers
is low with rates from 30% to 70% often estimated using question-
naires and only a few studies using electronically monitored inhalers
or pharmacy claims data on a short-term basis.*? Low adherence and
poor asthma control increase morbidity, mortality, and healthcare
costs*” and compromise the quality of life due to sleep disruption,
missed school days, and limited recreational activities.*1°

Multiple factors affect adherence including beliefs, health lit-
eracy, and relationships with health providers, caregivers, and
peers. ¢! However, the lack of consensus on how to measure
adherence to multiple medications has resulted in inconsistent ap-
proaches and difficulties comparing study findings.*?> Therefore,
there is a need for more detailed studies of adherence to asthma
controllers as a group to determine risk factors.**1> Here, we assess
long-term adherence and analyze risk factors of low adherence to
multiple asthma controllers in a Danish pediatric asthma population
using proportion of days covered (PDC) taking account of treatment
cessations, dose adjustments, and polypharmacy using pharmacy

claims data over a two-year period.

2 | METHODS
2.1 | Study design and population

We conducted a retrospective study of 155 children, who had per-
formed an exercise challenge test at the tertiary pediatric asthma
outpatient clinic at Herlev-Gentofte Hospital during 2015. The
study period was the default two-year electronic window availa-
ble for checking history of pharmacy claims, that is, 700 days from
October 2017 to September 2019. The following inclusion crite-
ria were used: (a) asthma diagnosed by a pediatrician at the clinic
according to the GINA guidelines, and (b) at least one prescrip-
tion of inhaled corticosteroids (ICS), ICS-long-acting beta-2-ago-
nist (LABA) combination, and/or leukotriene receptor antagonist
(LTRA) registered in the electronic medical records. Secondary
investigations included pharmacy claims of inhaled short-acting
beta-2-agonist (SABA) and nasal steroids, but not tablet antihista-
mines, which are sold over the counter in Denmark and therefore
not available for our study. Neither of the children in the study
received maintenance oral steroids.

All parents signed a consent form, and the study was approved
by the local IRB, that is, the Knowledge Center of data reviews in the
Capital Region of Denmark.

2.2 | Data for adherence assessment

The date of the first claim after the start of the study period post-
prescription was set as commence date for the calculation of number

Key Message

Low adherence to asthma controllers is known to increase
the risk of uncontrolled disease, but there is a lack of ob-
jective long-term assessments of adherence and its risk
factors. Among children and adolescents with asthma,
this two-year adherence assessment based on pharmacy
claims data shows that half of the patients have low ad-
herence, which is associated with increasing age and FeNO
level. Therefore, extra clinical awareness should be raised
to teenagers transitioning from pediatric to adult medi-
cine, and to inhaled corticosteroid-treated patients with
elevated FeNO all in order to improve their adherence to
asthma controllers.

of days with supply and total number of days in the period. Number
of packages and dose count were registered to calculate the total
number of available doses. For SABA and nasal steroids, only data
on the first redemption were collected as the use of these is often

as-needed or seasonal.

2.3 | Proportion of days covered

Proportion of days covered was calculated as the total number of
days with medical supply divided by the total number of days, that
is, prescription days within the follow-up. Prescription days were
carefully calculated with respect to therapy and dose adjustments,
and the total number of days with medical supply was calculated
with respect to discontinuations to diminish falsely estimated low
adherence (see online Methods S1). Using this highly detailed ap-
proach, we taxonomically largely embraced and applied the con-
ceptual definition as proposed by Vrijens et al, taking into account
all three essential elements of medication adherence: (a) initiation;
(b) implementation; and (c) persistence.*®Y” The continuous PDC
calculation was done for each controller and combined, and was
used to defining adherent vs non-adherent using a cutoff value
of 80%.18

2.4 | Risk factors

The following data were extracted from the electronic medical
records: sex; Caucasian (y/n); BMI (kg/m?); rhinitis (y/n); eczema
(y/n); food allergy (y/n); sensitization to house dust mites (y/n),
cat/dog/horse (y/n), birch/grass/mugwort(y/n); any sensitization
(y/n); FeNO (ppb); FEV1 (L); FEV1%-predicted; FEV1/FVC ratio
(%); bronchodilator response (%-change in FEV1); age at end of the
study period (years); filled prescription of SABA (y/n); and nasal
steroids (y/n).



MARCKMANN ET AL.

WILEY-

TABLE 1 Characteristics of children and adolescents with
prescription of at least one preventive asthma medication during
the study period

Total no. of patients No.

(n =95) missing
Demographics
Age at end of study, y mean (SD)  16.33(2.36)
10-14 vy, n (%) 30(31.6)
15-17 y, n (%) 41 (43.2)
18-22y,n (%) 24 (25.2)
Males, n (%) 50 (52.6)
Ethnicity
Caucasian, n (%) 70(73.7)
Non-Caucasian, n (%) 25(22.3)
Comorbidities
Sensitizationa, n (%) 73 (76.8)
Rhinitis, n (%) 70(73.4)
Eczema, n (%) 36 (37.9) 2
Predispositionb, n (%) 63 (66.3) 13
Prescriptions
SABA 91 (95.8)
ICS 41.5(43.7)
ICS-LABA 29.5(31)
Total with one inhaler® 71(74.7)
ICS + LTRA 4(4.3)
ICS-LABA + LTRA® 20 (21.0)
Total with add-on LTRA 24 (25.3)
NCS 75 (78.9)
Lung function
FeNO, ppb, median (IQR) 18 (22) 2
FEV1%-predicted, mean (SD) 88.27 (10.57)
FEV1, L, mean (SD) 2.48 (0.65)
FVC, L, mean (SD) 3.1(0.81) 1
FEV1/FVC, mean (SD) 0.81 (0.07) 1
Reversibility, %¢, mean (SD) 8.95(8.35) 9

aSensitized for at least one of the following: dust mites, pollen, furred
animals, or foods.

bPredisposed for at least one of the following: asthma, eczema, or
allergy.

¢ Seven patients changed between ICS and ICS-LABA during the study
period and were equally distributed with 3 and 5 in each group of ICS
and ICS-LABA, respectively.

4One patient received ICS, ICS-LABA, and LTRA during the study
period and was categorized in this group.

¢Change in FEV1 from 10 min after exercise test (or most recent value)
to post-SABA inhalation.

2.5 | Statistical analyses

Logistic regression was used for risk factor analysis of the bi-

nary PDC outcome (adherent/non-adherent). Due to negative

u Non-adherent m Adherent

% of children

ICS ICS-LABA ICSor ICS or

ICS-LABA ICS-LABA+LTRA

FIGURE 1 Barchart showing adherence as adherent vs non-
adherent based on a PDC cutoff at 80% by type and number of
asthma preventive medications. No significant differences in
adherence were found between ICS, ICS-LABA, and ICS or ICS-
LABA + LTRA add-on therapy or when comparing patients who
received one device/medication vs those with add-on LTRA

skewness of the continuous PDC outcome (Figure S1), a quasibi-
nomial distribution model was chosen to account for overdisper-
sion in the risk factor analysis. This required transformation of the
PDC variable to an adherence ratio (AR) calculated as days with
medical supply divided by days without medical supply, result-
ing in a likelihood curvilinear variable. For example, a calculated
PDC of 60% would equal 60 days with supply and 40 days without
yielding an AR of 60/40 = 1.5, interpreted as a higher likelihood
of having days with medical supply, that is, a higher adherence.
In multivariate analysis, all variables with number of missing data
exceeding 10 were excluded to limit loss of power. All analyses

were performed using R software version 3.6.1.

3 | RESULTS
3.1 | Baseline characteristics

A total of 95 (61%) of the 155 participants were prescribed at least
one asthma controller in the two-year follow-up period (Figure S2).
Baseline characteristics of the participants are outlined in Table 1.
The mean (SD) age was 16.3 years (2.4) years, and 50 (53%) were
males. Seventy-one (75%) were prescribed one device/medication.
Forty-two (44%) were prescribed ICS monotherapy, 29 (31%) ICS-
LABA, 4 (4%) ICS + LTRA, and 20 (21%) ICS-LABA + LTRA. Almost
all patients (n = 91) were prescribed as-needed SABA. Nasal steroids
were prescribed in 75 (79%); 73 (77%) were sensitized; and 63 (66%)

had atopic predisposition.

3.2 | Adherence to asthma controllers

The continuous PDC measurement during the two-year study period
showed a median (IQR) of 76% (44-98) with 52 (54%) children classi-
fied as non-adherent using a PDC cutoff at 80%. Analyzing adherent

vs non-adherent yielded no significant differences in the proportion
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of adherent patients among those prescribed one device/medication
vs those with add-on LTRA: 30 (42%) vs 13 (54%) (OR, 0.62; 95% ClI,
0.24-1.57; P = .44) as well as no differences when comparing the
proportion of adherent patients on different combinations of asthma
preventive medication: ICS, 18.5 (45%) vs ICS-LABA, 11.5 (39%) vs
ICS or ICS-LABA + LTRA, 13 (54%) (P = .54; Figure 1). Similar non-
significant differences in adherence for type and number of asthma
controllers were observed when analyzing the continuous PDC
measurement using non-parametric tests (Kruskal-Wallis rank-sum
test, P =.76) or as AR (P = .19; Figure S3).

3.3 | Nasal steroids, SABA, and adherence

A total of 44 (59%) of the 75 patients who were prescribed nasal
steroids were non-adherent to their asthma controllers compared to
8 (40%) of the 20 patients who were not prescribed nasal steroids.
Subgrouped by filled vs unfilled nasal steroid prescriptions, 36 (58%)
of those who did fill their nasal steroid prescription were non-adher-
ent to their asthma controllers compared to 8 (62%) of those who did
not fill their prescription. The proportion of non-adherent patients
showed no significant differences across prescription and fill status
for nasal steroids (P = .32) (Table 2).

A total of 70 (77%) of the 91 patients who were prescribed a
SABA filled in the prescription of whom 40 (57%) were non-adherent
to their asthma controllers compared to 14 (67%) of the patients who
did not fill in their SABA prescription. Patients who did not fill their
SABA prescription showed lower adherence to asthma controllers
compared to patients who did fill their SABA prescription: AR, 0.45
(95% Cl, 0.23-0.89); P = .02 (Figure 2).

Adherence

3.4 | Risk factor analysis of adherence

Adherence to asthma controllers was negatively associated with age,
that is, AR was 16% lower per 1-year increase in age: AR, 0.84 (0.73-
0.95); P = .01. This was also observed by logistic regression analysis
yielding significantly higher odds of non-adherence with increasing
age: OR, 1.20 (1.00-1.45); P = .05. Baseline FeNO and FEV1 values
were negatively associated with AR: FeNO per ppb increase, 0.98
(0.97-0.99); P = .01, and FEV1 per L increase, 0.6 (0.38-0.94); P = .03,
respectively. However, these findings were not significant in the binary
outcome analysis although both showed increased OR for non-

All risk factors were subsequently analyzed adherence with in-
creasing values: FeNO, 1.02 (0.99-1.04); P = .11, and FEV1, 1.53
(0.82-2.99); P = .19 (Figure 3). The remaining risk factors showed no
significant associations with adherence (Table 2). in multivariate mod-
els. Backward selection with a p-value cutoff at 0.1 yielded two sig-
nificant variables, which were age and FeNO level. Age was the only
significant risk factor left in the binary multivariate model: OR per year,
1.20 (1.00-1.45); P = .05. In the continuous PDC model, both age and
FeNO level were significantly associated with adherence: AR for age,
0.88(0.77-0.99); P =.05; and AR for FeNO, 0.98 (0.97-0.99); P = .03.

4 | DISCUSSION

4.1 | Primary findings

This study shows low adherence to asthma controllers as approxi-
mately half of the children were non-adherent based on filled pre-

scriptions over a 2-year period. Lower adherence was associated

TABLE 2 Result from univariate risk
factor analysis of adherence to asthma

PDC < 80% (non-adherent)

Likelihood of days with

controllers using quasibinomial modeling

medicine (95% Cl) P OR (95% Cl) P and logistic regression
Age, years 0.84(0.73-0.95) .008 1.20(1.003-1.45) .05
BMI, kg/m? 1.0(0.9-1.12) 9 0.98 (0.84-1.13) 7
Sex, female 0.82 (0.45-1.48) .5 0.9 (0.4-2.02) .8
Caucasian 0.61 (0.32-1.2) 15 1.68 (0.67-4.45) 5
FeNO, ppb 0.98 (0.97-0.99) .007 1.02 (0.99-1.04) i
FEV1, L 0.6 (0.38-0.94) .03 1.53(0.82-2.99) .2
FEV1, %-predicted 1.01(0.98-1.04) .6 0.99 (0.95-1.03) .6
FEV1/FVC 0.96 (0.91-1.00) .07 1.03(0.97-1.1) 4
Reversibility, % 1.00 (0.96-1.03) .8 1.00 (0.95-1.06) 9
SABA redeem?® 0.45 (0.23-0.89) .02 2.17 (0.78-6.18) .15
No. of drugs, twoP 1.62(0.81-3.4) 19 0.62 (0.24-1.57) .3
Sensitization 1.71(0.83-3.74) 16 0.62 (0.23-1.6) 3
Rhinitis 1.26 (0.64-2.56) .5 0.86(0.34-2.17) 75
Eczema 0.66 (0.35-1.24) .2 1.65 (0.46-3.87) 24

3SABA redeemed was defined as filling at least one prescription during the study period.
PICS and ICS-LABA categorized as 1 device prescription, and LTRA added to either of the two

categorized as a two-drug prescription.
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with increasing age and higher FeNO, whereas there were no differ-
ences in adherence between type and number of controllers, status

of nasal steroids, atopic comorbidity, or predisposition.

4.2 | Strengths and limitations

The primary strength is the unique access to pharmacy claims data on
all asthma controllers prescribed for a well-characterized patient group
enabling assessment of multiple medication adherence as opposed to
previous studies investigating monotherapeutic regimens.12 PDC cal-
culated from pharmacy claims and prescriptions from electronic medi-
cal records is unbiased compared to questionnaire-based adherence
estimations reported being too inaccurate.’®?! We obtained informa-
tion on all prescriptions filled from any pharmacy in Denmark, that is,

not restricting the participants to use one specific pharmacy, which is

u Non-adherent m Adherent

% of children

FIGURE 2 Barchart showing adherence as adherent vs. non-
adherent based on a PDC cutoff at 80% by prescription and redeem
status of NCS and SABA. There were no significant differences in
distribution of adherent vs non-adherent children for either NCS or
SABA status
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a limitation in other studies.'® Further, the 2-year observation period
and analyses of PDC as numeric, binary, and curvilinear overcame the
non-consistent way of assessing adherence.**?

All patients were from a tertiary pediatric asthma clinic, which
limits diagnostic heterogeneity and presumably increases adher-
ence due to objective confirmation of the asthma diagnosis.22 In
Denmark, milder asthma cases are typically treated in general prac-
tice using either low-dose ICS plus as-needed SABA or as-needed
ICS-formoterol as per the new GINA guidelines.?® This is of impor-
tance because as-needed use of ICS-formoterol may lead to under-
estimation of adherence due to lower possession ratios. Further, due
to the public Danish healthcare system, the population is unaffected
by differences in medical access associated with health insurance
inequality, which may affect adherence.*®?*2> However, filling pre-
scriptions might still have a socially unequal distribution due to med-
ication costs and pharmacy travel distances.

We used date of the first claim after the start of the study period
as commence date to level out potential differences in ICS stock in
homes and cross-use of devices in families with more than one suf-
fering from asthma, even though no home visits were conducted.
However, this could still have resulted in underestimation of the
PDC calculated. A limitation of using pharmacy claims for assessing
adherence is that we cannot determine whether the patient takes
the medication as some individuals might create stocks of unused
medication. However, this is diminished by the long follow-up, which
increases the probability that the medication is taken when it is col-
lected multiple times.

Our population had a mean age of approximately 16 years, no
participants were less than 10 years, and 25% of the patients were
more than 18 years at end of the follow-up. Therefore, most patients
were transitioning from pediatrics to adult medicine during fol-
low-up, which limits generalizability to preschoolers, where parents
carry the medication responsibility.2®

Finally, we only analyzed adherence to asthma controllers based

on the type of active ingredient and did not differentiate between
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FIGURE 3 Boxplots showing age (Panel A), FeNO level (Panel B), and FEV1 (Panel C) stratified by adherence status as adherent vs non-

adherent based on a PDC cutoff at 80%
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different types of inhalers,?’

which would have required more
participants.

4.3 | Interpretation

Using different detailed methods of assessing PDC, we observed
low adherence to asthma controllers with 54% of the patients classi-
fied as non-adherent and a median PDC of 76%. Increasing age and
FeNO were negatively associated with adherence, suggesting these
may pinpoint patients at risk of low adherence.

Our findings support earlier studies of adherence among chil-
dren, adolescents, and young adults with asthma although reported
adherence rates vary.>*®2! One study showed median adherence
rates ranging from 33% to 85.5%, whereas another reported an elec-
tronically measured mean of 48%, and a third comparing adherence
rates by electronic monitoring vs patient diaries showed medians
of 58% vs 95%. Finally, a study that also used electronic monitor-
ing, over a 3-month period, found a median adherence of 74% and
concluded this method as a useful tool for identifying children with
true severe therapy-resistant asthma in need of step-up treatment.
Our collected data solely provided baseline information on asthma
control status making us unable to compare with the latter.?® These
varying results reflect methodological differences as qualitative ap-
proaches (parent reporting, questionnaires) are more inaccurate than
objective methods (electronic monitoring, pharmacy claims).*8-20:2

McQuaid et al showed that adherence was negatively associated
with age, but also with minority status, ethnicity, and asthma mor-
bidity using one-month electronic monitoring and information on
prescriptions based on the families' reports.S'13 We did not observe
association with ethnicity, which could be power-related as only 25
(22%) were non-Caucasian. Another study with a short follow-up of
2 weeks also found higher age was associated with low adherence
in minority adolescents.?> We used a uniquely long two-year obser-
vation period and included variables in the risk factor analyses rep-
resenting different domains, for example, family-level (ethnicity) and
individual-level (age, lung function), accommodating a recent review
calling for this.®

Our results advocate for consideration of why increasing age is a
negative predictor for adherence. Possible explanations include the
diminishing role of caregivers' in asthma medication management as
the child gets older. Previous studies showed that 7-year-old chil-
dren had assumed approx. 20% of daily medication responsibility,
which was 50% at age 11, 75% at age 15, and 100% at age 19 years.?
Adolescents often lead a busy lifestyle including risk behaviors such
as tobacco, alcohol, and drug use, which challenge the routines of
taking medication on a daily basis, that is, enhancing risk of low ad-
herence, loss of disease control, exacerbations, and hospital admis-
sions.*'830 Further, adolescents differ from younger children going
through a developmental transition in cognition, knowledge, auton-
omy, identity, and peer relations, which is known to impact asthma
self-management.?’ This also includes that the impact of children's

health beliefs on adherence increases as they reach adolescence,

exert greater independence, and are less affected by parental medi-
cation beliefs and guidance.®!

Unfortunately, we did not have any variables of socioeconomic
status of relevance in a pediatric context, that is, parents' income,
their employment status, and level of education.?? However, ad-
herence can be categorized as intentional (lack of trust in medicine,
concern of side effects, economy) or unintentional (forgetfulness,
unawareness, faulty inhaler technique), where low adherence
is mostly unintentional, which is less affected by socioeconom-
ics.*1* Blais et al'' distinguished between primary adherence
(first prescription fill) and secondary adherence (PDC) reporting
that if only secondary adherence is considered, then adherence
might be overestimated. We did not differentiate between pri-
mary and secondary adherence but used a highly detailed PDC
calculation including a potential risk of overestimation rather than
underestimation.

The direction of association between FeNO and adherence is
presumably that lower adherence to ICS-containing medication
leads to higher FeNO, that is, type 2 inflammation as a result of
poor disease control and inadequate anti-inflammatory treat-
ment. Few studies have examined the use of FeNO in adherence
monitoring, but the findings are consistent with ours showing
that FeNO and adherence are inversely associated®® and that ele-
vated FeNO correlated with non-adherence in children with acute
asthma symptoms.3* We found no association between adherence
and atopic comorbidity and no significant influence of nasal ste-
roid prescription or fill status on adherence to asthma controllers.
This may be a result of inadequate power as FeNO is often in-
creased under these conditions, why results of significance would
be expected.35

Asthma severity was indirectly examined by assessment of type
and number of preventive medications, which express the interna-
tionally recognized stepwise treatment algorithms, and showed no
association with adherence. This finding differs from an older study
showing that LTRA outperformed ICS in adherence.®® However, the
study participants had a mean age of 8.6 years vs 16.3 years in our
study, which hampers comparability and may indicate that per oral
treatment is easier to administrate to younger children than inhaler
devices. Airway obstruction was assessed by FEV1, FEV1/FVC ratio,
and bronchodilator response of which none were significant in the
multivariate models. Increasing FEV1 in L was significantly associ-
ated with decreasing adherence, and FEV1/FVC ratio showed a
trend of association, which is opposite to our expectation and pre-
sumably driven by the association with age, that is, height, as they
were not significant adjusted for age.

Our results highlight that healthcare providers need a continu-
ous awareness of low adherence when treating asthma in children
and adolescents. Particularly, consideration should be given to un-
controlled asthma in ICS-treated patients with continuously ele-
vated FeNO, and the adolescent group, since adherence seems to
decrease with age. The latter underscores the need for transition
consultations for adolescents with participation of both their pedi-

atrician and their future adult respiratory physician with sufficient



MARCKMANN ET AL.

time to discuss health beliefs and other parameters affecting adher-
ence. These should be organized as split consultations with an initial
talk only with the adolescent and thereafter a talk with the adoles-
cent together with the parents to facilitate that the adolescent takes
responsibility of his/her asthma. Still, further investigations on this
subject are needed as adherence behavior during childhood and ad-
olescence has a dynamic pattern influenced by stages of develop-
ment, especially including adolescents as they undergo transitions
of physiology and cognition with changes of understanding, parent

relations, and health beliefs.>1851

5 | CONCLUSION

This study shows that adherence to asthma controllers in a pediat-
ric population followed at a tertiary outpatient clinic is poor. Useful
clinical predictors of low adherence are higher age and FeNO, which
should be considered by the clinician as key variables for developing
a tailored adherence intervention and hereby improve adherence,
asthma control, and health outcomes.
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eMethods

Exemplifying an advanced calculation of a single drug PDC: a physician prescribes 30 days of 2
inhalations followed by 30 days of 4 inhalations giving the patient a need of (30x2 + (30x4)) =
180 doses. The patient only filled one prescription of 120 doses covering the first dose regime of
30 days with 60 doses leaving only (60 doses/4 doses per day) = 15 days of the second regime
covered eventually resulting in a PDC of (45 days with medical supply/60 days in period) x

100% = 75%.



eFigures

eFigure 1: Histogram showing a skewed distribution of the continuous PDC outcome. Median

76% (IQR, 44-98%).
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eFigure 2: Study group flow-chart.
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eFigure 3: Boxplots showing the continuous PDC measurements by combinations of preventive
asthma medications. A non-parametric test showed no significant differences between the groups
(Kruskal-Wallis rank sum test, p=0.8). Seven patients were switched from ICS to ICS-LABA and
one patient was prescribed both ICS, ICS-LABA and LTRA during study period were excluded

leaving 87 children in the analysis.
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