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Summary. Objectives: To investigate the use of asthma medication and occurrence of asthma

exacerbations up to 5 years before andafter the onset of type 1 diabetesmellitus (T1DM) in children

and adolescents. Methods: Children and adolescents younger than 19 years with at least 2 insulin

prescriptions between 1999 and 2009 classified as T1DM cohort (n¼915) and a 4 times larger

reference cohort (n¼3,590) with the same age and gender were identified from the Dutch

PHARMO Record Linkage System. The date of first insulin dispensing was selected as the index

date. Results: The 5-year prevalence rate of asthma medication use in the T1DM cohort (23.2%)

was significantly higher than the reference cohort (18.3%) after the onset of diabetes. No

statistically significant difference between the two cohortswas observed in the use of specific types

of asthma medication except for short acting muscarinic antagonists that were significantly more

used in the T1DM cohort (5.5%) compared with the reference cohort (0.62%) after the onset of

diabetes. The incidence rate of asthmamedication use declined over time with a peak in the T1DM

cohort the 1st year after the onset of diabetes. Furthermore, 1 year after the index date there was a

peak in incidence rate of asthma exacerbations in both T1DM (7.8 per 1,000 person year) and

reference (6.8 per 1,000 person year) cohorts. Conclusions: T1DM is associated with statistically

significantly higher asthma medication use after the onset of T1DM, especially in the 1st year after

the onset of diabetes. Pediatr Pulmonol. 2016;51:1113–1121. � 2016 Wiley Periodicals, Inc.
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INTRODUCTION

The association of type 1 diabetes (T1DM) and asthma
in children has been studied with controversial results.
Some studies have reported a significant reduction in the
prevalence of asthma in children with T1DM,1,2 while
other studies have shown a higher risk of asthma in this
population.3–6 Tosca et al.7 also showed no difference in
the frequency of asthma between T1DM patients and
control group.
It has also been reported that children with T1DM have

an abnormal lung function in which forced vital capacity
(FVC), forced expiratory volume in 1 sec (FEV1) and
transfer factor for carbon monoxide (TLCO) were
reported to be significantly lower compared with children
in the general population.8–10 Previous studies investigat-
ing the association between lung function and glucose
regulation showed that dysregulated glucose was related
with impaired lung function.3,11

So far, no study has quantified asthma medication use
in children and adolescents with T1DM before and after
the onset of diabetes. Quantification of asthmamedication
use in children and adolescents before and after the onset

of T1DM might provide further insight into the relation
between T1DM and impaired lung function or asthma.
Therefore, we conducted a population-based cohort study
by using community pharmacy prescription records

1Division of Pharmacoepidemiology and Clinical Pharmacology, Utrecht

Institute for Pharmaceutical Sciences (UIPS), Utrecht University, Utrecht,

The Netherlands.

2Division of Paediatrics, Department of Paediatric Pulmonology and

Allergology, University Medical Centre Utrecht, Utrecht, The Netherlands.

Conflict of interest: None.

�Correspondence to: Anke H. Maitland-van der Zee, PharmD, PhD,

Division of Pharmacoepidemiology and Clinical Pharmacology, Utrecht

Institute for Pharmaceutical Sciences (UIPS), Utrecht University, PO Box

80082, 3508 TB Utrecht, The Netherlands. E-mail: A.H.Maitland@uu.nl

Received 29 June 2015; Revised 11 February 2016; Accepted 23 February

2016.

DOI 10.1002/ppul.23428

Published online 1 May 2016 in Wiley Online Library

(wileyonlinelibrary.com).

� 2016 Wiley Periodicals, Inc.



linked to hospital diagnoses to calculate the prevalence
and incidence rates of asthma medication use and
incidence rates of asthma exacerbations in children and
adolescents with T1DMandwe compared these rates with
a group of age- and sex-matched diabetes-free children
and adolescents in the Netherlands.

METHODS

Setting

A population-based cohort study was conducted using
the Dutch PHARMO Record Linkage System (RLS)
(http://www.pharmo.nl) that comprises community phar-
macy dispensing records linked to hospital admissions.
Nowadays data from more than 4 million residents (both
rural and urban areas) of the Netherlands (approximately
24% of the Dutch population) are collected in PHARMO
RLS.12,13The drugdispensing records consist of data on the
dispensed drug, the type of prescriber, the dispensing date,
the amount dispensed, and the written dose instructions.
Dates of hospital admissions and discharges, together with
primary and secondary diagnoses are documented in the
hospital records. Diagnoses are coded according to the
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) (http://icd9cm.
chrisendres.com), whereas the drugs are coded according
to the Anatomical Therapeutic Chemical codes (ATC
codes) (http://www.whocc.no/atc_ddd_index). Informa-
tion is recorded since 1986 and has been used in many
pharmacoepidemiologic studies.12,13 Hospital diagnoses
and drug exposures retrieved from the prescription records
in the PHARMO RLS have been validated in several
studies.14–16

Study Population

In this study, the T1DM cohort was defined as a cohort
including children and adolescents (<19 years old) with
at least 2 insulin prescriptions between 1999 and 2009.
The date of first insulin prescription or first hospital
admission for T1DMwas selected as the entry date (index
date). For each patient in the T1DM cohort, up to 4
diabetes-free children and adolescents (without any
prescription of glucose lowering medications (ATC
code: A10) or hospitalization for diabetes (ICD-9-CM
code: 250) during the study period with the same gender,

age, and calendar time distribution were randomly
sampled from the PHARMO RLS (reference cohort).
Patients in both cohorts were included in the study if they
had at least 12 months of drug history before and at least
12 months follow up after the index date. Exclusion
criteria for the T1DM cohort were having a glucagon
(ATC code H04AA01) prescription prior to the index date
(glucagon is usually prescribed in patients with diabetes
for the management of hypoglycemia, therefore in
patients who had prescriptions of glucagon before the
insulin prescriptions, the index date was not clear) and
ever use of oral anti-diabetic agents (in order to exclude
potential patients with type 2 diabetes, ATC code A10B).
Also patients in both cohorts with a history of cystic
fibrosis (CF) (ICD-9-CM code: 277) were excluded from
the study in order to exclude CF-related diabetes and
respiratory problems. Both cohorts were followed from a
maximum of 5 years before until a maximum of 5 years
after the index date.

Asthma Medication Use and Exacerbations

For both cohorts, exposure to asthma medication was
defined as a dispensing for any asthma medication
categorized as ATC code R03 (drugs for obstructive
airway disease) (Table S1 in Appendix). Asthma
exacerbations in both cohorts was defined as discharge
diagnoses of asthma (ICD-9 code 493) and/or short
courses of oral corticosteroids (OCSs) (ATC code:
H02AB), for a period <¼ 14 days that were dispensed
in children using asthma (R03) medication.

Statistical Analysis

To summarize the characteristics of both cohorts we
used descriptive statistics. Five-year prevalence rates of
asthma medication use in general and for specific
subgroups in the period before and after the index date
were calculated by dividing the total number of patients
receiving prescriptions to treat asthma symptoms by the
average number of children and adolescents studied
5 years before and after the index date. Annual prevalence
rates of asthma medication use were also calculated.
The 5-year prevalence rate and annual prevalence rate of
asthma medication were stratified by different age
categories (using age bands 0–4, 5–9, 10–14, and
15–18 years) and gender which was compared by an
ordinal chi square test. To assess patterns over time, the
5-year prevalence rate of asthma medication use and
the 5-year number of asthma prescriptions per child were
calculated from 5 years prior to the index date up to
5 years after the index date in both cohorts and further
stratified by age. Annual incidence rates of asthma
medication use and asthma exacerbations in both cohorts
were defined as the number of incident medication users
and incident cases with asthma exacerbations during a

ABBREVIATIONS:

ATC codes Anatomical Therapeutic Chemical codes

CF Cystic fibrosis

ICD-9-CM International Classification of Disease, 9th edi-

tion, Clinical Modification

PHARMO RLS PHARMO Record Linkage System

T1DM Type 1 diabetes
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given time period divided by the person time at risk. For
calculating annual incidence rates, to exclude prevalent
cases in each year, subjects were required to have at least
12 months prior history (either a drug prescription or the
occurrence of asthma exacerbations) in the database.
Time to events (asthma medication consumption and
exacerbations) in the two cohorts was compared using
the Kaplan–Meier method followed by log-rank test.
Two-tailed P-values were considered significant at 0.05.
Data analyses in this study were performed using SPSS
version 23.0 (SPSS, Chicago, IL).

RESULTS

We identified 915 children and adolescents with at
least 2 insulin prescriptions (T1DM cohort) from the
PHARMO RLS and compared them with a group of
3,590 age- and sex-matched diabetes-free individuals
(reference cohort). At the index date, boys comprised
just over half of the population in both T1DM (50.9%)
and the reference (50.6%) cohorts and the median age

was 10 years (interquartile range (IQR) 7–14 years)
(Table 1).

Prevalence Rates of Asthma Medication Use

Before the index date there was no difference between
the 5-year prevalence rate of asthmamedication use in the
T1DM cohort (28.3%, 95%CI: 25.2–31.7) compared
to the reference cohort (27.6%, 95%CI: 26.0–29.2),
while after the index date the 5-year prevalence rate
was statistically significantly higher in the T1DM
cohort (23.2%, 95%CI: 20.4–26.3 vs. 18.3%, 95%CI:
16.9–19.7). As shown in Figure 1, the prevalence rate of
asthma medication use in the T1DM cohort slightly
dropped from 28.3% (n¼ 206 asthma medication users)
during 5 years before the index date to 23.2% (n¼ 182
asthma medication users) in the years after diagnosing
T1DM. After the index date there were 100 prevalent
users who also used asthmamedication before the onset of
diabetes and the percentage of incident asthma medica-
tion users was 45.0% (n¼ 82). In the reference cohort the

TABLE 1—Baseline Characteristics of Patients With T1DM Compared With Diabetes-Free Subjects

T1DM cohort (n¼ 915) Reference cohort (n¼ 3,590)

Gender, n (%)

Male 466 (50.9) 1,817 (50.6)

Female 450 (49.2) 1,773 (49.4)

Age at diagnosis (index date), n (%)

0–4 y 132 (14.3) 537 (15.0)

5–9 y 269 (29.1) 1,042 (29.0)

10–14 y 333 (36.4) 1,295 (36.1)

15–18 y 181 (19.8) 716 (19.9)

Age (median, IQR), y 10 (7–14) 10 (7–14)

Follow-up before the index date (median, IQR), y 2.8 (1.8–3.8) 2.9 (1.9–3.9)

Follow-up after the index date (median, IQR), y 3.1 (2.0–4.1) 3.1 (2.0–4.1)

Number of participants in each year of the study period

5 y before the index date 480 1,911

4 y before the index date 600 2,378

3 y before the index date 731 2,908

2 y before the index date 914 3,582

1 y before the index date 915 3,590

1st y of follow up 915 3,590

2nd y of follow up 913 3,578

3rd y of follow up 800 3,130

4th y of follow up 698 2,725

5th y of follow up 595 2,314

Average number of participants during 5 years of the study period

Before the index date 728 2,874

After the index date 784 3,067

Number of prescriptions per child before the index date, n (%)

One prescription 54 (26.2) 211 (26.6)

Two prescriptions 49 (23.8) 144 (18.2)

�3 prescriptions 103 (50.0) 437 (55.2)

Number of prescriptions per child after the index date, n (%)

One prescription 57 (31.3) 161 (28.8)

Two prescriptions 28 (15.4) 88 (15.7)

�3 prescriptions 97 (53.3) 311 (55.6)

IQR, interquartile range; T1DM, type 1 diabetes mellitus; Y, years.
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percentage of incident users was 23.0% in the period after
the index date.
The higher prevalence rate of the use of asthma

medication in the T1DM cohort compared with the
reference cohort wasmost pronounced in the 1st year after
the index date (P< 0.001) and disappeared afterwards
(P¼ 0.47 in the 5 years after the index date) (Fig. 2A).
As shown in Figure 3, children aged 4 years and younger

in both cohorts, had considerably higher prevalence rates
of asthmamedication use over the 5 year period before and
after the index date (14.7% and 17.4% in the T1DM cohort

and 15.3%and 11.4% in the reference cohort, respectively)
compared with those in the other age categories (rates
below 12%). Furthermore, substantially higher prevalence
rates of asthma medication use in the T1DM cohort
compared with the reference group in the year after the
index date was observed only in children aged 0–4
(P< 0.001) and 10–14 (P¼ 0.02) years old (Fig. 4).
Asthmamedicationwasmore frequently usedbyboys in

the T1DM cohort (32.7%) compared with girls (23.8%)
before the index date (P¼ 0.02). The same pattern was
observed in the reference cohort (30.8% vs. 24.3%,
respectively;P< 0.001). After the index date, therewas no
statistically significant difference betweengirls and boys in
both T1DM (P¼ 0.29) and reference (P¼ 0.07) cohorts.

Asthma Medication Utilization Pattern

When investigating subgroups of medication, short
acting beta agonists (SABAs) and inhaled corticosteroids
(ICSs) were used most frequently in both cohorts.
The 5-year prevalence rate of short acting muscarinic
antagonists (SAMAs) was significantly higher in the
T1DM cohort compared with the reference cohort (5.5%
vs. 0.6%, P< 0.001) after the onset of diabetes (Table S2
in Appendix). Forty-three out of 182 patients (almost
24%)who used asthmamedications after the index date in

Fig. 1. Five-year prevalence rate of asthma medication use, comparing T1DM cohort before and

after the onset of diabetes. Index date is the date of first insulin dispensing.

Fig. 2. A: Annual prevalence rate of asthma medication use,

comparing T1DM and reference cohorts before and after the

index date. B: Annual incidence rate of asthma medication

use, comparing T1DM and reference cohorts before and after

the index date. In both figures index date is the date of first

insulin dispensing.

Fig. 3. Five-year prevalence rate of asthma medication use,

comparing T1DM and reference cohorts before and after the

index date stratified by age. Index date is the date of first insulin

dispensing.
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the T1DM cohort received SAMAs. Many of these
patients were treated with SAMAs only or had a
medication history of only using SABAs and ICSs before
and after the index date.
After the index date, children aged 4 years and younger

were more likely to use SABAs and ICSs compared to the
other age categories in both the T1DM cohort (36.2% and
14.9%, respectively; P¼ 0.02) and reference cohort
(8.9% and 7.3% respectively; P< 0.001). A higher
consumption of long acting beta agonists (LABAs) and
SAMAs was found in 10–14 years old adolescents
compared to the other age categories in T1DM cohort
(Fig. S1 in Appendix).
A majority of children among asthma medication users

in the T1DM cohort (51.2%) and in the reference cohort
(55%) received at least three asthma prescriptions while
the percentage of children who received only one
prescription was 28.8% and 27.7%, respectively during
the complete follow up. Children aged 4 years and
younger received more frequently at least three prescrip-
tions for asthma compared to only one prescription.
SABAs and SAMAs were more often prescribed only
once while the number of prescribed ICSs per child was
higher; for these drugs children received at least three
prescriptions.

Incidence Rate of Asthma Medication Use

Annual incidence rate of asthma medication use
during the 5 years before and 5 years after the index date
are presented in Figure 2B. The results show that the

highest incidence rate of asthma medication use was
observed in the period 4–5 year before the index date
and further declined through follow up in both cohorts
with a peak in the T1DM cohort the 1st year after the
onset of disease; 46.3 per 1,000 person year (PY) (95%
CI: 33.0–64.6) in the T1DM cohort compared to 17.9
per 1,000 PY (95%CI: 13.6–23.6) in the reference
group. The decreasing pattern in the T1DM cohort
further continued until the end of follow up (18.1 per
1,000 PY). In the reference cohort, the incidence rate of
asthma medication use shows a decrease during the
years before and after the index date. The results of the
Kaplan–Meier analyses showed a statistically significant
difference for the incidence rate of asthma medication
use between the two cohorts after the index date
(P¼ 0.001) (Fig. 5).

Incidence Rate of Asthma Exacerbations

Therewas a peak in asthma exacerbations in the 1st year
after the index date in both the T1DM (7.8 per 1,000 PY)
and the reference (6.8 per 1,000 PY) cohorts. Although, the
decreasing pattern after the index date was more pro-
nounced in the T1DM cohort; at the end of follow-up both
cohorts had almost the same incidence rates of exacer-
bations (5.2 per 1,000 PY in the T1DM cohort and 5.4 per
1,000 PY in the reference cohort) (Fig. 6).
Kaplan–Meier analyses and log rank tests showed no

statistically significant difference in time to exacerbations
between the two cohorts after the index date (P¼ 0.49)
(Fig. 7).

Fig. 4. Annual prevalence rate of asthmamedication use, comparing T1DMand reference cohorts

before and after the index date stratified by age. Index date is the date of first insulin dispensing.
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DISCUSSION

In this study, significantly more children and adoles-
cents with new onset T1DM used asthma medication in
the period after the onset of diabetes than diabetes-free
individuals while no statistically significant difference in
the 5-year prevalence rate of asthma medication use was
observed before the index date. The number of children
and adolescents using asthma medication decreased in
both cohorts during follow up time. Remarkably, in the
T1DM cohort there was a peak in both the annual
prevalence and incidence rates of asthma medication in
the 1st year after the onset of diabetes; however, the
incidence rate of asthma exacerbations was comparable to
the reference group.
Asthma is a chronic inflammatory airway disease with

symptoms of cough, wheeze and shortness of breath
usually related to some triggering events, which are not
specific and many other conditions can cause similar
symptoms in children, especially preschool children. This
makes the diagnosis of asthma difficult.
In our study we found that children aged 4 years and

younger in both cohorts were more likely to have asthma
medication prescriptions compared to the other age
groups. Moreover, our results show that the higher
prevalence rate of asthma prescriptions in recent onset

diabetic patients compared to the reference group in the
year after the index date was more pronounced in children
aged 0–4 and 10–14 years old. Firstly, our finding strongly
reflects the higher burden of respiratory complaints in
younger age groups,17,18 not only in those with T1DM.
Prevalence rate of asthma-like symptomswas shown to be
32.0% in the 1st years of life (children younger than 5
years) in a Danish population19 and also higher in children
aged 0–4 years (12.5%) than those in age of 5–7 (10.4%)
in the Dutch population.20 This could be explained by the
smaller airways of young children (and more specific
boys, premature and low for gestational age children) that
are more prone to a relevant airway obstruction (and
wheezing) during viral colds and after exposure to
irritants. Therefore, the rise in asthma medication
prevalence after T1DM onset might be partly related to
a potential increase of asthmatic symptoms by the
diabetes itself, but might also be related to a higher
concern and awareness of parents and physicians to treat
respiratory symptoms properly after the T1DM diagnosis
was established.
The statistically significant higher prevalence rate of

asthma medication use in boys confirms previous
findings that boys are more often diagnosed and treated
with asthma medication.20–22 Lowered microbial
exposure in early life might also contribute to the
increasing prevalence of asthma.23 When specifically
considering a possible correlation of airway patency
and glucose metabolism within this above mentioned
pathophysiologic concept, an association between low
body weight in the 1st years of life and impaired
glycemic tolerance and decreased lung function can be
considered.24–29 Secondly, diabetes control might
be influenced by hormonal changes in puberty in
which puberty in diabetic adolescents (10–14 years)
is associated with declined insulin sensitivity.30,31

However, another explanation could be the increased
therapy adherence triggered by the T1DM diagnosis in
adolescents where treatment adherence is generally
lower in this age group.

Fig. 5. Kaplan–Meier analysis comparing time to asthma medication use in the T1DM and the

reference cohorts after the index date (P-value¼0.001).

Fig. 6. Annual incidence rate of asthma exacerbations, compar-

ing T1DM and reference cohorts before and after the index date.

1118 Ahmadizar et al.

Pediatric Pulmonology

 10990496, 2016, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ppul.23428 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [18/10/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The annual prevalence and incidence rates showed a
peak in the 1st year after the onset of diabetes followed by
a gradual decline in asthma medication use during
the follow up time. The peak might be a result of
regular contact with the physician after the diagnosis of
T1DM which increases the probability of diagnosing
and prescribing medications for respiratory symptoms
(detection bias). The disappearance of the peak 1 year
after the index date could be explained in two ways.
Basically, part of the observed effect can be probably
explained by increasing age. Besides, it might be because
of the link between glucose regulation and lung function
as mentioned above.3,11,32,33 When diabetes is well
regulated the asthma-like complaints disappear in these
children. Therefore, we suggest physicians to pay
more attention to control and treat diabetic children
before starting medication for respiratory symptoms.
Our study showed no statistically significant difference

between the two cohorts for the subgroups of asthma
medication that were used except for SAMAs, that were
statistically significantly more prescribed in the diabetic
adolescents after the index date compared with the
reference cohort.
Given the low numbers of SAMAs prevalence rate in

general, it is not clear whether the difference in use is of
clinical relevance. However, one possible explanation
might be that it is a marker for the severity of respiratory
problems in this cohort. In pediatric asthma exacerbations,
use of SAMAs in combination with SABAs improves
pulmonary function to a greater extent than the use of
SABAs alone.34,35 Although, most diabetic patients in our
study were treated with SAMAs alone and the pattern of
exacerbations in the reference cohort was almost the same.
To the best of our knowledge, this is the first

population-based cohort study to investigate the preva-
lence and incidence rates of asthma medication use and
exacerbations in children and adolescents with T1DM
compared with diabetes-free subjects in the period both
before and after the onset of this disease. An important
strength of our study is the use of the PHARMO RLS

database which is a large, population-based data set
providing accurate data on medications dispensing and
hospital admissions. Probability for occurrence of
information bias and recall bias is therefore low. Another
strength of this study is the low probability of T1DM
misclassification. We used insulin prescription as a proxy
for T1DM since hyperglycemia is the only indication for
insulin and it has been validated in several studies.36–39

Furthermore, children with CF were excluded at baseline
from the study population and other types of diabetes in
which insulin is indicated, for example, mitochondrial
diabetes have reported low prevalence rates compared
with T1DM.40,41 An important limitation in this study is
misclassification of asthma since the definition of asthma
is based on the drug prescription information. Another
limitation is the reference cohort which was randomly
captured from the PHARMO database and it only
includes children that filled prescriptions in the commu-
nity pharmacies. Therefore, the difference between
asthma medication use in patients with T1DM and the
general population might be larger than observed in our
study. Another important limitation in this study is that
there were no additional descriptive characteristics such
as race/ethnicity, body mass index (BMI), or family
history of asthma available in the database.
In conclusion, our study shows that children and

adolescents with T1DMusemore asthmamedication than
age- and gender-matched diabetes-free controls in the 1st
year after the onset of diabetes. However, this difference
disappears after the 1st year of diabetes diagnosis. As
respiratory symptoms could be decreased by glycemic
control, it might be worthwhile to re-evaluate asthma
medication once glycemic control has been established.
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