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Abstract

characteristics over a 9-year period in Korea.

analyzed.

2018:7.24).

> 65 years groups.

Background: There has been little investigation on how guidelines for allergic rhinitis (AR) treatment are applied in
current clinical practice. We aimed to analyze prescription trends and patterns for AR treatment according to patient

Methods: We used cross-sectional data from the Korean Health Insurance Review & Assessment Service National
Patient Sample from 2010 to 2018. We analyzed 1,719,194 patients with AR as the principal diagnosis. Prescription
rates of antihistamines, steroids, and other drugs; combination prescriptions; and first-choice prescriptions were

Results: The prescription rate of first-generation antihistamines decreased over the years (2010: 29.13; 2018: 23.41).
By contrast, the prescription rate of systemic steroids (2010: 23.60; 2018: 28.70), nasal steroids (2010: 9.70; 2018: 14.67),
and leukotriene receptor antagonists (LTRAs) (2010: 11.13; 2018: 26.56) increased. The prescription rate of steroids
was lower in patients aged 0-5 years and > 65 years than in other age groups and that of LTRAs was the highest in
patients aged 0-5 years. The rate of combination prescribing antihistamines and nasal steroids increased (2010: 7.99;
2018:12.09). The rate of first-choice prescriptions with antihistamines and nasal steroids also increased (2010: 4.72;

Conclusions: The results confirmed a decrease in antihistamine prescriptions, especially with first-generation, and an
increase in steroid and LTRA prescriptions in patients with AR in Korea. Regarding prescription patterns, steroids were
increasingly prescribed in combination with antihistamines. However, the trend was opposite in the 0-5 years and
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Background

Allergic rhinitis (AR) is a common disease worldwide [1].
In particular, pediatric AR has a high incidence rate, with
a global prevalence of approximately 14% at the ages of 13
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and 14 years [2]. In 2018, 16.7 % of adults in South Korea
were diagnosed with AR [3]. The disease reduces work-
ers’ productivity [4] and negatively affects the quality of
sleep [5] and quality of life [6]. It can also cause complica-
tions such as sinusitis or otitis media [7].

Allergic Rhinitis and its Impact on Asthma (ARIA)
guidelines recommend second-generation antihistamines
and nasal steroids as medications for AR. Leukotriene
receptor antagonists (LTRAs) are also recommended [8].
AR-related clinical guidelines developed in South Korea
recommend the use of second-generation antihistamines,
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LTRAs, and nasal steroids [9]. However, studies have
mainly focused on the treatment efficacy through rand-
omized controlled trials, and few studies have assessed
how different medications are used in clinical practice
[10-13]. Ghouri N, et al. [10] studied prescription of
antihistamines and drugs used in nasal allergy from 2001
to 2005 in the United Kingdom (UK). However, guide-
lines have since changed [8] and the types of medications
have varied. Subsequently, a systematic survey of physi-
cians was conducted in Italy [12] and the UK [11]. There
were differences in prescription patterns depending on
the region, indicating that research on prescription pat-
terns in Korea is also necessary. Although a survey on
prescription patterns was conducted with physicians in
Korea [13], the samples used in that study were limited in
terms of representing the entire Korean population due
to the nature of the study design. In addition, it is diffi-
cult to analyze long-term trends from previous studies
due to the nature of cross-sectional studies, and it was
difficult to identify prescription patterns according to
patient characteristics. Therefore, this study was aimed at
analyzing medication prescription trends for AR and pre-
scription patterns based on patient characteristics using
data from a nationwide insurance claims database over a
span of 9 years.

Methods

Data

Data from the Korean Health Insurance Review &
Assessment Service National Patient Sample (HIRA-
NPS) from 2010 to 2018 were used in this study. HIRA-
NPS consists of cross-sectional data constructed using
stratified sampling of 3% of all patients who used medical
institutional services each year according to sex and age
group (5-year interval). Data on approximately 1.45 mil-
lion patients are extracted every year, and the data can
be accessed through the de-identification of personally
identifiable information. HIRA-NPS is a single national
health insurance database that represents the South
Korean population, and the data therein have high valid-
ity in terms of representativeness [14]. The database
includes demographic characteristics such as patient sex
and age, diagnosis code, medical procedures provided to
patients by medical institutions, and details of medica-
tion and associated costs.

Population and characteristics

The definition of AR was set according to the Korean
Standard Classification of Diseases, 7th Revision. There-
fore, AR patients were defined as patients for whom AR
was recorded as the principal diagnosis (codes: J30, J301,
J302, J303, and J304) at least once per year. The patient
characteristics extracted from the data included sex, age,
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and comorbidity. In terms of age, patients were classified
into six age groups: 0-5 years, 6—12 years, 13—19 years,
20-39 years, 40—64 years, and > 65 years. To determine
the comorbidity status of other allergic diseases, if the
disease was recorded as a principal or secondary diagno-
sis at least once in a given year, the patient was consid-
ered to have the disease. Types of comorbidities included
allergic asthma (code J450) and allergic dermatitis (codes
120, L208, L2080, L2088, and L209).

Measures

For the analysis of the type of medication prescribed, the
major drugs for AR treatment were selected from litera-
ture, like the ARIA guidelines [8, 15-17]. Accordingly,
antihistamines, steroids, LTRAs, systemic decongest-
ants, and cough and cold preparations were included in
the analysis. Antihistamines were divided into first- and
second-generations with total prescriptions; steroids
were also divided into total, nasal, and systemic steroids.
Medication types were defined according to the Ana-
tomical Therapeutic Chemical Classification System (see
Additional file 1: Table S1).

Next, 1-year episodes in patients with AR were ana-
lyzed to examine patients’ prescription patterns. First,
prescription combination patterns were analyzed. Cases
were classified as prescription of first-generation anti-
histamines only, second-generation antihistamines only,
antihistamines and nasal steroids, or nasal steroids only.
Furthermore, to examine the first-choice prescription for
AR patients, we investigated patient prescriptions for the
initial episodes. Cases were classified as prescription of
antihistamines only, nasal steroids only, or antihistamines
and nasal steroids. The prescription of LTRAs, decon-
gestants, and cough and cold preparations was not con-
sidered in the first-choice prescription analysis.

Analysis

Basic patient characteristics included the number of
patients (n) and percentages, and a chi-square test was
performed to analyze differences in characteristics by
year. Annual prescription rates were investigated by
medication type. Furthermore, the prescription rate was
presented as per 100 patients with AR and was sex- and
age-standardized according to the population composi-
tion in 2010. To determine the trend in prescription rate
for each year, the p trend was analyzed by linear regres-
sion analysis, considering the year as a continuous vari-
able. Statistical significance was set at P-value < 0.05.

A subgroup analysis according to patient characteris-
tics was performed with age (0-5, 6-12, 13-19, 20-39,
40-64, and > 65 years) and the comorbidity status of
allergic asthma and allergic dermatitis. The age groups
of 0-5 years and > 65 years had the most pronounced
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differences in pattern from the total population. The
results for other subgroups are presented in Additional
file 1: Table S2a—h.

Results

From 2010 to 2018, a total of 1,719,194 AR patients
were included in the study, of which 794,726 (46.22%)
were male and 924,468 (53.77%) were female patients.
The basic characteristics of patients for each year are
shown in Additional file 1: Table S3. The number of AR
patients by year showed a year-on-year increase (#, 2010:
167,524; 2018: 213,420). The proportion of patients aged
0-5 years increased (percentage, 2010: 14.0%; 2018:
17.5%, P<0.001), while that of patients aged 13-19
years decreased (percentage, 2010: 10.5%; 2018: 8.1%,
P<0.001). Furthermore, the proportion of patients with
allergic asthma and allergic dermatitis increased in gen-
eral (percentage of allergic asthma patients, 2010: 8.1%;
2018: 10.3%, P<0.001; percentage of allergic dermatitis
patients, 2010: 9.3%; 2018: 10.4%, P<0.001).

The prescription rate was generally higher for sec-
ond-generation antihistamines than for first-generation
antihistamines (First-generation antihistamine pre-
scription rate, 2010: 29.13; 2018: 23.41, P<0.001; Sec-
ond-generation antihistamine prescription rate, 2010:
73.56; 2018: 72.02, P=0.010; Table 1). Moreover, the

Table 1 Rates of prescription and pattern by year
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prescription rate for first-generation antihistamines
showed a more steeply decreasing trend (prescription
rate, 2010: 29.13; 2018: 23.41, P<0.001) than first-
generation antihistamines. In particular, the prescrip-
tion rate for first-generation antihistamines in the age
group > 65 years markedly decreased (prescription rate,
2010: 41.15; 2018: 33.39, P<0.001; Fig. 1a).

The prescription rate was generally higher for sys-
temic steroids than for nasal steroids and showed an
increasing trend (Nasal steroids prescription rate, 2010:
9.70; 2018: 14.67, P=0.008; Systemic steroids pre-
scription rate, 2010: 23.60; 2018: 28.70, P<0.001). In
particular, the prescription rate for nasal steroids has
increased significantly since 2015 (prescription rate,
2015: 10.07; 2018: 14.67). The prescription rate for total
steroids was the lowest in patients aged 0-5 and > 65
years; however, the rate increased over time for patients
aged>65 years (0-5-year prescription rate, 2010:
16.87; 2018: 19.88; P=0.072; >65 years prescription
rate, 2010: 26.76; 2018: 34.64; P<0.001) (Fig. 1b). The
steroid prescription rate in asthma patients was higher
than that in atopic dermatitis patients, and the pre-
scription rate increased in both groups (prescription
rate for asthma, 2010: 30.87; 2018: 37.30; P=0.001; pre-
scription rate for atopic dermatitis, 2010: 26.70; 2018:
32.96; P=0.002) (see Additional file 1: Table S2g—h).

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta  P-value
Antihistamines

Total antihistamines 8447 8444 8405 8387 81481 80.77 8070 8053 79.75 -067  <0.001

First generation 29.13 29.25 29.12 2878 2727 2625 2570 2456 2341 -0.77  <0.001

Second generation 73.56 73.89 73.78 73.97 72.20 71.77 7220 7246 72.02 -0.26 0.010
Steroids

Total steroids 3043 3217 3209 3338 3290 3369 3528 3817 3850 095  <0.001

Nasal steroids 9.70 10.51 10.01 10.54 10.09 10.07 11.90 15.08 14.67 0.61 0.008

Systemic steroids 2360 2504 2525 2624 2612 2694 2736 2821 28.70 058  <0.001
Other drugs

Leukotriene antagonists 11.13 12.88 17.58 19.86 21.85 2298 21.08 19.91 26.56 1.55 0.002

Systemic decongestants 5197 5305 5237 5246 5491 5532 5636 5713 56.34 068  <0.001

Cough and cold preparations 58.79 56.71 5643 55.99 57.23 56.77 57.36 57.31 58.17 0.03 0.791
Prescription combination pattern

First-generation antihistamines only 10.50 10.08 9.83 943 9.19 8.60 8.12 7.59 7.28 -041 <0.001

Second-generation antihistamines only 4946 48.96 49.04 48.86 48.53 48.52 47.71 46.57 47.14 -0.32 <0.001

Antihistamines and nasal steroids 7.99 8.74 8.28 8.72 832 8.28 9.83 12.50 12.09 0.51 0.009

Nasal steroids only 1.71 177 173 1.82 1.77 1.79 2.06 2.58 2.58 0.1 0.004
First-choice prescription

Antihistamines only 7633 7576 7527 7468 7235 71.1 7006 6804 6727 -1.22 <0.001

Nasal steroids only 1.94 1.99 1.93 2.06 1.95 1.96 2.21 292 2.90 0.12 0.011

Antihistamines and nasal steroids 4.72 5.15 488 5.22 497 494 5.69 742 724 0.30 0.008

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population composition of 2010
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The prescription rate of LTRAs has increased, with the
largest rate of increase in 2018 (prescription rate, 2010:
11.13; 2018: 26.56; P<0.001). The prescription rate for
systemic decongestants increased (prescription rate,

2010: 51.97; 2018: 56.34; P<0.001), while that for cough
and cold preparations did not show a significant change
(prescription rate, 2010: 58.79; 2018: 58.17; P=0.791).
The prescription rate of LTRAs, systemic decongestants,
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and cough and cold preparations were the highest in
patients aged 0-5 years and showed a decreasing trend
with age. Furthermore, the prescription rate was higher
for cough and cold preparations than for systemic decon-
gestants in patients aged > 65 years. The increase in the
prescription rate of LTRAs was the highest in the age
group 0-5 years (prescription rate, 2010: 19.05; 2018:
50.48; P<0.001) (Fig. 1c). Also, the largest difference in
prescription rate between allergic asthma and atopic der-
matitis patients and total population was LTRAs (pre-
scription rate in allergic asthma patient, 2010: 16.69;
2018: 41.34; P <0.001; prescription rate in atopic dermati-
tis patient, 2010: 26.25; 2018: 45.91; P<0.001) (see Addi-
tional file 1: Table S2g—h).

The prescription rate of “second-generation antihista-
mines only” was the highest overall; however, it showed
a decreasing trend (prescription rate, 2010: 49.46; 2018:
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47.14, P<0.001). By contrast, the prescription rate of
“antihistamines and nasal steroids” (prescription rate,
2010: 7.99; 2018: 12.09, P=0.009) and “nasal steroids
only” showed an increasing trend (prescription rate,
2010: 1.71; 2018: 2.58, P=0.004). The trend was generally
consistent in all age groups. Nevertheless, the prescrip-
tion rate of “antihistamines and nasal steroids” and “nasal
steroids only” was lower in the age groups 0-5 years and
> 65 years than in the other groups (Fig. 2a).
“Antihistamines only” was the most often used first-
choice prescription category; however, the correspond-
ing prescription rate decreased over time (prescription
rate, 2010: 76.33; 2018: 67.27, P<0.001). By contrast, the
prescription rate of combination prescription of antihis-
tamines and nasal steroids (prescription rate, 2010: 4.72;
2018: 7.24, P=0.008) and “nasal steroids only” (prescrip-
tion rate, 2010: 1.94; 2018: 2.90, P=0.011) increased. The
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Fig. 2 Rates of prescription pattern by year. The prescription rate per 100 patients is presented by year. a Combination patterns; b First-choice
prescription. An episode refers to all medical records of the patient receiving allergic rhinitis treatment for 1 year. Rates were sex- and
age-standardized according to the population composition of 2010
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trend was consistent in most age groups; nevertheless,
the prescription rate of combination prescription of anti-
histamines and nasal steroids (prescription rate, 2010:
1.54; 2018: 1.90, P=0.548) and “nasal steroids only” (pre-
scription rate, 2010: 0.98; 2018: 1.22, P=0.728) was the
lowest in patients aged 05 years, and there was no sig-
nificant increase in these rates (Fig. 2b).

Discussion

In this study, the trends and patterns of medication pre-
scriptions for patients with AR were analyzed for the
period from 2010 to 2018. The results confirmed that
the prescription of antihistamines, particularly first-gen-
eration antihistamines, decreased while the prescription
of steroids and LTRAs increased. The prescriptions of
“antihistamines only” decreased, whereas the prescrip-
tion rate of “antihistamine and nasal steroids” and “nasal
steroids only” increased. However, the trends differed
depending on patient characteristics. In particular, the
increase in the rate of steroid prescription was relatively
low in patients aged 0-5 years and > 65 years. Further-
more, for these age groups, the rate of steroid prescrip-
tion was also relatively low in combination prescriptions
and first-choice prescriptions.

Some results of this study are consistent with a previ-
ously conducted survey in Korea. Antihistamines were
the first-choice medication. Furthermore, pediatricians
have reported lower prescription rates of combinations
of antihistamines and nasal steroids and higher prescrip-
tion rates of LTRAs than the prescription rates reported
by physicians of other specialties [13]. This trend was also
confirmed in a subgroup analysis of our study. However,
the previous study showed that the combination of nasal
steroids and antihistamines was the most prescribed. By
contrast, in the present study, the prescription rate of
second-generation antihistamines alone was the high-
est, although it showed a decreasing trend. This variance
may be attributed to difference in study subjects. In the
present study, medical records of all relevant patients
were analyzed, and thus, patients with mild AR were
also included in the analysis. By contrast, as the previous
study performed a survey that relied upon the physician’s
memory, only prescription patterns for patients with fre-
quent visits may have been reported.

In particular, a remarkable decrease was noted in the
prescription rate of first-generation antihistamines,
which could be attributed to the superiority of second-
generation antihistamines. The latter have a faster and
longer-lasting effect than the first-generation antihista-
mines [18], and are safer with only a slight sedative effect
[19]. Furthermore, second-generation antihistamines
have been reported to be safer than first-generation anti-
histamines even when used in combination with other
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drugs [20]. Also, ARIA and standard guidelines of the
Korean Academy of Asthma, Allergy, and Clinical Immu-
nology recommend the use of second-generation antihis-
tamines [8, 9].

The use of nasal steroids has been increasing. Moreo-
ver, the combination of nasal steroids and antihistamines
has shown the largest rate of prescription increase. ARIA
and the standard guidelines of the Korean Academy of
Asthma, Allergy, and Clinical Immunology state that
nasal steroids are more effective than antihistamines in
relieving nasal blockage [8, 9]. These results, and changes
in the guidelines, are thought to have had some effect on
the prescription patterns. However, compared with the
extensive use of nasal steroids in other countries [11, 12],
the use of nasal steroids in Korea has remained at around
10-20%.

Rather, it should be noted that the use of systemic ster-
oids was the highest among steroids in Korea, and the
use of systemic steroids has shown an increasing trend.
Prescription rates for systemic steroids were also the
highest for the age groups 0-5 years and > 65 years. Sys-
temic steroids are only recommended for patients with
very severe and therapy-resistant symptoms due to con-
cerns of adverse events [21]. This pattern was not iden-
tified in other countries [11, 12], and was not reported
in the previous survey in Korea [13]. Further studies are
required to investigate the characteristics and prognosis
of patients prescribed these drugs.

We observed increased prescription of LTRAs. These
drugs alleviate nasal and ocular symptoms [22] and are
more effective in combination therapy with antihis-
tamines and steroids [23-25]. In particular, the safety
of LTRAs demonstrated in children [26, 27] may have
resulted in the increased prescription of LTRAs in
patients aged 0-5 years. Based on these results, the reim-
bursement criteria for LTRAs were expanded in Korea at
the end of 2017. Before the amendment, reimbursement
was only possible when there was no improvement with
antihistamine treatment, but now LTRAs are reimbursed
even when prescribed as a first-line treatment [28]. The
increase in LTRAs prescriptions in 2018 is thought to
have reflected these changes.

The prescription rates for allergic asthma and atopic
dermatitis patients were similar to the total allergic
rhinitis patients, except that the prescription rate of
LTRAs was higher for allergic asthma and atopic der-
matitis patients. LTRAs are effective for controlling
asthma symptoms [29]. Therefore, physicians might
have prescribed the LTRAs for allergic rhinitis patients
with asthma symptoms. Although the evidence of using
LTRAs for atopic dermatitis is limited [30], the high
prescription rates might be due to the younger age of
atopic dermatitis patients (data not presented). The
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prescription rates of other medications should be inter-
preted with caution. Depending on patient’s severity,
other medications, especially steroids, might have been
prescribed with allergic asthma or atopic dermatitis as
primary diagnosis, not allergic rhinitis. If the patient
had been prescribed steroids with allergic asthma or
atopic dermatitis as primary diagnosis closely before
the patient visited for allergic rhinitis, the physicians
might have not prescribed the steroids. Considering
this, the actual prescription rates of steroids might be
higher than observed.

Our study has limitations for generalization [31].
First, this study analyzed insurance-covered medica-
tions prescribed in clinical practice, therefore non-
covered medications were not included in the analysis.
In particular, xylometazoline hydrochloride, the topi-
cal decongestant with the highest sales, could not be
analyzed in this study because it is a non-reimbursable
medicine. Accordingly, for decongestants, only sys-
temic decongestants were investigated, and in this
regard, generalizability is a drawback of this study.
Also, we did not investigate antihistamines and topi-
cal decongestants sold as OTC preparations. This does
not serve as a bias because this study aimed to investi-
gate only the prescriptions of the clinicians. However,
as OTC preparations are thought to have affected the
prescription trend, the exact description of the fac-
tors related to the prescription trend remains a limita-
tion. Further, allergen immunotherapy is a treatment
emphasized in the guidelines and needs to be analyzed.
However, since it is not covered by the national health
insurance of South Korea, it could not be included in
this study. In addition, there was a bias in the episode
analysis of patients because yearly cross-sectional data
were used. In particular, when analyzing first-choice
prescriptions, if the patient’s prescription continued
from the previous year, the prescription information of
the previous year was not considered.

Nevertheless, to the best of our knowledge, the present
study is significant because it is the first most extensive
analysis on the long-term trends of medication prescrip-
tions to treat AR. Furthermore, actual clinical decisions
were analyzed from various perspectives with an analy-
sis of a range of medication prescriptions and patterns.
In particular, nationwide data representing the South
Korean population were used, and all citizens and medi-
cal institutions are members of the Korean health insur-
ance system as a regulatory requirement. Thus, the data
were highly representative, and there were few limitations
pertaining to the generalization of the study findings.
Since there have been few analyses of AR prescription
trends, the results of this study can be used to develop
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a clinical guideline in the future and can help confirm
whether the guideline developed is clinically applicable.

Conclusions

This study revealed a decrease in the prescriptions of
antihistamines, especially first-generation antihista-
mines, and an increase in the prescriptions of steroids
and LTRAs for patients with AR in South Korea. Fur-
thermore, the rate of prescription of combinations of
antihistamines and steroids increased. However, this
trend differed depending on patient characteristics, and
the rate of increase in steroid prescriptions was rela-
tively lower in patients aged 0-5 years and > 65 years. It
is expected that these results can serve as basic research
data for clinicians and policymakers in the development
and application of relevant guidelines.
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SUPPLEMENTAL MATERIAL

Supplemental Table 1. Types of medication according to the Anatomical Therapeutic Chemical

Classification System

Type Sub-type ATC code

Antihistamine First generation = NO5BBO1 Hydroxyzine

RO6AA02 Dimenhydrate
RO6AA04 Clemastine
RO6AA07 Diphenylpyraline
R0O6AB04 Chlorphenamine
RO6AE06 Oxatomide

Second RO6ADO7 Mequitazine

generation RO6AEQ7 Cetirizine
RO6AE09 Levocetirizine
R0O6AX13 Loratadine
RO6AX17 Ketotifen
R0O6AX19 Azelastine
R0O6AX22 Ebastine
R0O6AX24 Epinastine
RO6AX25 Mizolastine
RO6AX26 Fexofenadine
RO6AX27 Desloratadine

RO6AX28 Rupatadine



RO6AX* Bepotastine
RO6AX* Olopatadine
Steroid Nasal steroids RO1AD Corticosteroids
ROTADO1 Beclometasone
ROTADO3 Dexamethasone
ROTADOS Budesonide
ROTADOS Fluticasone
ROTADO9 Mometasone
ROTADI11 Triamcinolone
ROTADI2 Fluticasone furoate
ROIADSS Fluticasone, combinations
Systemic steroids H02ABO1 Betamethasone
HO02ABO02 Dexamethasone
HO02AB04 Methylprednisolone
HO02AB06 Prednisolone
HO02ABO08 Triamcinolone
H02ABO09 Hydrocortisone
HO02AB13 Deflazacort
Leukotriene receptor antagonist R03DCO01 Zafirlukast
R03DCO02 Pranlukast
R0O3DCO03 Montelukast
RO3DC53 Montelukast, combinations

Other nasal preparations ROIB Nasal decongestants for systemic use



Cough and cold preparations RO5 Cough and cold preparations

* Drugs not assigned ATC code were analyzed using the name of the drug.



Supplemental Table 2a. Rates of prescription and patterns by year for age 0-5 years

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta  P-value

Age 0-5 years

Antihistamines

Total antihistamines 79.92 80.48 80.07 79.89 79.53 79.48 79.54 7921 7792 -022  0.005
First generation 3145 3281 3333 3342 31.84 3199 3218 31.39 30.75 -0.18  0.132
Second generation 68.36 689 69.41 68.85 6924 69.18 69.52 68.88 68.05 -0.01  0.856
Steroids

Total steroids 16.87 17.04 1736 1732 1615 16.09 1732 19.84 19.88 032  0.072
Nasal steroids 498 552 52 512 436 441 539 788 758 029  0.077
Systemic steroids 1292 12.61 1325 13.19 1277 127 13.03 13.72 13.92 0.11 0.06
Other drugs

Leukotriene antagonists 19.05 22.18 309 3532 3936 41.73 39.78 4085 5048 343  <0.001
Systemic decongestants 66.85 68.14 6883 70.18 70.73 71.67 73.81 7553 7675 122  <0.001
Cough and cold preparations 7094 7023 683 69.77 70.54 71.01 71.7 7234 7282 036  0.026

Prescription combination pattern

First-generation antihistamines only 1128 1126 1037 10.78 10.06 10.09 9.78 997 953 -021 <0.001



Second-generation antihistamines only
Antihistamines and nasal steroids
Nasal steroids only

First-choice prescription

Antihistamines only
Nasal steroids only

Antihistamines and nasal steroids

45.75

4.13

0.85

72.03

0.98

1.54

44.73

4.6

0.93

71.8

1.08

1.85

4401 43.85 4541
4.35 4.3 3.77
0.85 0.83 0.59
70.16  69.86 68.59

1 1.02 0.7

1.51 1.4 1.18

45.12

3.82

0.6

68.2

0.67

1.18

44.5

4.66

0.74

67.22

0.78

1.38

4351 43.11
6.86  6.44
.03 1.14

65.59 64.15
123 122
209 1.9

-0.2

0.27

0.02

-0.96

0.01

0.03

0.08

0.052

0.525

<0.001

0.728

0.548

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 2b. Rates of prescription and patterns by year for age 6—12 years

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta P-value
Age 6-12 years

Antihistamines

Total antihistamines 85.85 8547 84.66 8463 8389 83.6 84.18 8427 8341 -026  0.003
First generation 23.71 2331 2366 23.1 2296 2281 22.63 2134 2138 -029 <0.001
Second generation 7771 7823 7751 779 77.02 77.05 77.81 782 7736 -0.03  0.645
Steroids

Total steroids 27.19 28.81 28.64 28.64 2738 27.68 29.72 33.77 33.15 0.66  0.019
Nasal steroids 12.54 13.76 13.62 13.46 12,53 1223 1497 1945 18.68 0.72  0.024
Systemic steroids 17.56 1852 18.52 1842 17.89 1852 1843 1931 19.17 0.15 0.025
Other drugs

Leukotriene antagonists 152 18.14 2499 2853 33.04 3495 3273 31.76 43.09 291  <0.001
Systemic decongestants 61.19 61.79 61.47 6133 6222 63.11 6508 6579 6537 063 <0.001
Cough and cold preparations 60.96 59.45 5833 5782 604 59.89 61.71 60.67 6043 0.17 0314
Prescription combination pattern

First-generation antihistamines only 754 664 657 619 635 608 58 54 547 -023 <0.001



Second-generation antihistamines only 5385 532 523 5288 53.02 52.8 51.63 49.88 4965 -0.47 0.002
Antihistamines and nasal steroids 11.14 1227 11.96 11.85 1097 10.68 13.32 1733 16.61 0.64 0.028
Nasal steroids only 1.4 1.5 1.66 1.61 156 154 165 212 208 0.07 0.007

First-choice prescription

Antihistamines only 75.85 7473 7425 73.84 7326 73 72.14 7004 69.16 -0.76 <0.001
Nasal steroids only 1.75 1.81 1.9 2.06 1.7 1.7 1.8 257 263 0.09 0.054
Antihistamines and nasal steroids 595 671 6.18 6.18 578 548 6.5 9 837 027 0.072

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 2c. Rates of prescription and patterns by year for age 13-19 years

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta P-value
Age 13-19 years

Antihistamines

Total antihistamines 85.56 84.82 8506 84.77 8222 8098 80.85 81.03 80.82 -0.71 <0.001
First generation 21.06 2122 2032 2082 1975 19.12 17.94 1729 1639 -0.62 <0.001
Second generation 7832 7756 78.08 77.99 7547 7473 75.18 7588 7572 -0.41  0.011
Steroids

Total steroids 31.61 33.54 3379 3458 3436 3509 3698 39.73 3963 096 <0.001
Nasal steroids 11.14 124 1225 1274 1223 1222 1437 1768 1726 0.73 0.004
Systemic steroids 24 2492 2549 2602 26.14 2688 27.6 28.12 2824 0.53 <0.001
Other drugs

Leukotriene antagonists 10.16 1092 15.17 1699 19.03 2024 174 1631 23.14 126  0.005
Systemic decongestants 57.15 5775 5741 57.07 6047 608 6093 62.13 60.59 0.63  0.002
Cough and cold preparations 5641 5239 5267 522 5336 53.62 5341 5404 5524 0.05 0.786
Prescription combination pattern

First-generation antihistamines only 691 692 653 631 631 595 538 476 476 -029 <0.001



Second-generation antihistamines only
Antihistamines and nasal steroids
Nasal steroids only

First-choice prescription

Antihistamines only
Nasal steroids only

Antihistamines and nasal steroids

56.76

9.46

1.67

76.51

1.86

6.18

55.43

10.41

1.99

75.41

2.14

6.67

56.6

10.47

1.78

75.44

2.04

6.81

55.51

10.68

2.07

74.59

2.27

7.24

54.29

10.39

1.84

72.05

2.08

6.68

53.72

10.12

2.09

70.93

222

6.5

53.04

12.07

23

69.6

2.45

7.72

51.72  52.66

14.89

2.79

14.29

2.97

67.54 67.33

3.12

9.58

3.25

9.25

-0.61

0.59

0.14

-1.26

0.15

0.37

<0.001

0.005

0.002

<0.001

0.002

0.007

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 2d. Rates of prescription and patterns by year for age 20-39 years

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta P-value
Age 20-39 years

Antihistamines

Total antihistamines 84.74 8447 842 8397 8142 7958 79.18 78.88 77.78 -0.98 <0.001
First generation 26.65 2638 2629 2581 24.18 2281 21.81 20.85 18.88 -0.99 <0.001
Second generation 7531 7527 7514 75.07 7292 7175 7197 7212 715 -0.57 <0.001
Steroids

Total steroids 3536 3729 3733 3946 39.04 3998 41.51 4526 4597 125 <0.001
Nasal steroids 10.78 11.38 10.32 11.59 11.25 11.15 1325 1658 16.17 0.71 0.006
Systemic steroids 2831 3029 30.79 3228 3191 33.01 3347 3537 3632 0.89 <0.001
Other drugs

Leukotriene antagonists 9.16 1048 1371 1558 163 17.18 1493 1321 187 084  0.021
Systemic decongestants 51.66 5324 5253 5253 5479 5538 56.17 5691 5579 0.63  <0.001
Cough and cold preparations 554 5358 5371 53.08 5444 5414 546 5456 5594 0.13 0.283
Prescription combination pattern

First-generation antihistamines only 9.03 868 864 839 807 743 683 624 581 -041 <0.001



Second-generation antihistamines only
Antihistamines and nasal steroids
Nasal steroids only

First-choice prescription

Antihistamines only
Nasal steroids only

Antihistamines and nasal steroids

51.6

8.79

1.99

76.49

2.2

5.55

51.38

9.35

2.03

75.81

2.24

5.89

51.81

8.44

1.88

75.76

2.06

542

51.23

9.52

2.07

74.97

2.29

6.07

50.51

9.12

2.13

72.11

2.34

5.87

50.15

9.04

2.11

69.96

23

5.95

49.11 47.58 48.55
10.69 13.41 13.08
2.56 3.17  3.09
68.64 66.51 65.16
2.72 353 342
6.74 8.63 8.77

-0.5

0.56

0.15

-1.54

0.17

0.39

<0.001

0.007

0.003

<0.001

0.004

0.004

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 2e. Rates of prescription and patterns by year for age 40-64 years

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta P-value
Age 40-64 years

Antihistamines

Total antihistamines 85.16 855 8497 8501 82.16 81.18 80.68 80.57 7991 -0.8  <0.001
First generation 33 33.12 3243 3199 3048 2877 28.15 2665 2502 -1.05 <0.001
Second generation 7228 7329 7281 73.87 7093 7086 71.02 71.63 7137 -025  0.071
Steroids

Total steroids 3505 3739 36.84 3884 3878 40.14 41.59 438 4447 1.13  <0.001
Nasal steroids 9.86 10.72 1027 10.83 10.51 10.72 1233 1537 1496 0.64  0.004
Systemic steroids 28.37 30.55 3021 319 3225 3339 33.82 3421 3485 0.76 <0.001
Other drugs

Leukotriene antagonists 833  9.69 1322 1453 1575 1621 1493 13.15 17.79 0.89 0.01
Systemic decongestants 43.69 45.04 43.58 4355 4727 47.12 48.13 4834 47.11 0.6 0.006
Cough and cold preparations 56.02 5324 53.67 528 535 5229 5274 526 5361 -023  0.104
Prescription combination pattern

First-generation antihistamines only 1249 11.7 11.66 1061 1079 9.81 923 843 804 -0.55 <0.001



Second-generation antihistamines only
Antihistamines and nasal steroids
Nasal steroids only

First-choice prescription

Antihistamines only
Nasal steroids only

Antihistamines and nasal steroids

46.55

7.83

2.03

77.63

2.23

4.92

46.34

8.75

1.97

77.38

2.21

5.34

46.79

8.25

2.02

76.86

222

5.19

46.95

8.78

2.06

76.39

2.24

5.72

45.65

8.45

2.06

73.44

222

5.51

46.31

8.66

2.07

72.15

2.27

5.56

45.39

9.99

2.34

70.85

247

6.31

44.8 4575
12.37 12.05

3 2.92
68.77 68.27
333 323
811 794

-0.19

0.52

0.12

-1.33

0.13

0.37

0.027

0.004

0.006

<0.001

0.011

0.002

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 2f. Rates of prescription and patterns by year for age >65 years

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta P-value
Age >65 years

Antihistamines

Total antihistamines 8526 8543 8506 84.19 81.55 80.15 81.37 80.74 8093 -0.71  0.001
First generation 41.15 4137 4192 4094 36.84 3503 3517 33.56 3339 -1.23 <0.001
Second generation 67.12 67.17 6753 6699 66.01 657 6728 6749 68.15 0.06  0.607
Steroids

Total steroids 26.76 28.57 28.65 3027 3039 31.31 33.05 3393 3464 096 <0.001
Nasal steroids 6.74 7.16 687 727 757 744 846 1022 1033 0.45 0.001
Systemic steroids 2136 23.05 233 2473 2487 2572 2662 26.19 2683 0.65 <0.001
Other drugs

Leukotriene antagonists 6.94 806 11.17 1248 13.03 1347 1256 10.84 1396 0.67  0.019
Systemic decongestants 3041 30.02 2846 28.04 31.87 31.8 3143 32 3053 027  0.168
Cough and cold preparations 57.07 55.65 5534 537 5487 53.84 5403 53.84 5473 -029  0.031

Prescription combination pattern

First-generation antihistamines only 177 17.8  17.14 16.75 1512 14.02 13.67 12.89 1241 -0.76 <0.001



Second-generation antihistamines only
Antihistamines and nasal steroids
Nasal steroids only

First-choice prescription

Antihistamines only
Nasal steroids only

Antihistamines and nasal steroids

40.71

4.95

1.79

79.69

2.19

2.71

40.64

5.25

1.91

79.52

2.19

2.98

40

5.05

1.82

79.06

2.12

3.06

39.9

5.25

2.02

78.2

2.27

3.05

41.06 4159 42.07 41.61 42.17 024 0.0l
552 546 616 776 764 035  0.002
204 198 23 246 269 01  <0.001
7495 7328 73.98 7207 7298 -1.07 <0.001
222 223 255 283 308 011  0.004
312 311 355 47 451 022 0.003

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 2g. Rates of prescription and patterns by year for allergic patients with atopic dermatitis

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta P-value
Atopic dermatitis

Antihistamines

Total antihistamines 84.46 8503 845 8429 83.55 82.68 8245 8246 81.68 -041 <0.001
First generation 29.63 30.08 29.92 28.65 2884 2758 2812 27.81 27.17 -036 <0.001
Second generation 7561 7581 76.09 76.19 7521 7512 747 74.63 7395 -023  0.003
Steroids

Total steroids 30.87 32.64 3191 3385 32.67 33.04 3495 3812 373 0.79  0.001
Nasal steroids 10.11 10.85 10.5 11 1054 1032 124 16.08 15.14 0.65 0.01
Systemic steroids 24.19 2553 2531 2652 2586 2649 27.16 2797 27.61 041 <0.001
Other drugs

Leukotriene antagonists 2625 2897 3483 3934 4149 432 4082 39.11 4591 208  0.002
Systemic decongestants 56.53 5832 5878 5885 6025 62.61 6321 637 63.09 092 <0.001
Cough and cold preparations 66.58 6434 64.15 6437 6564 6555 66.15 6646 67.5 0.5 0.089
Prescription combination pattern

First-generation antihistamines only 851 881 807 779 804 725 75 735 723 -0.19 <0.001



Second-generation antihistamines only
Antihistamines and nasal steroids
Nasal steroids only

First-choice prescription

Antihistamines only
Nasal steroids only

Antihistamines and nasal steroids

48.44

8.78

1.34

74.11

1.72

4.43

48.35

943

1.43

75.01

1.69

4.72

48.17

9.21

1.29

73.66

1.64

4.38

48.73

9.55

1.44

72.65

1.84

4.78

48.54 4854 46.78

9.02

1.52

71.74

1.74

4.4

9.01

1.32

70.33

1.53

4.52

10.65

1.75

69.38

1.98

4.83

44.77

14.02

2.06

67.21

2.58

6.62

44.97

13.29

1.86

66.36

2.39

6.41

-0.46

0.57

0.08

-1.09

0.1

0.24

0.011

0.011

0.009

<0.001

0.025

0.021

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 2h. Rates of prescription and patterns by year for allergic patients with asthma

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Beta P-value
Asthma

Antihistamines

Total antihistamines 8448 84  83.69 8352 8271 8276 8332 8265 8162 -028 <0.001
First generation 31.74 31.82 3244 3237 3146 3214 318 3046 3027 -0.19  0.045
Second generation 73.83 743 7441 7406 73.58 73.56 7492 73.99 73.05 -0.06  0.44
Steroids

Total steroids 267 2748 2785 2827 2756 279 30.05 3221 3296 0.72  0.002
Nasal steroids 872 955 875 9.9 861 829 1029 1334 13.04 0.1 0.024
Systemic steroids 2042 2071 2171 21.82 21.54 2244 23.17 23.13 2406 042 <0.001
Other drugs

Leukotriene antagonists 16.69 19.6 26.55 29.75 32.69 3499 3276 33.13 4134 261  <0.001
Systemic decongestants 5935 60.62 6093 60.58 62.12 6232 6445 6529 6597 082 <0.001
Cough and cold preparations 6249 61.44 59.64 5992 6137 60.73 61.8 6222 6289 0.15 0.328
Prescription combination pattern

First-generation antihistamines only 1019 922 892 905 879 88l 81 819 81 -022 <0.001



Second-generation antihistamines only
Antihistamines and nasal steroids
Nasal steroids only

First-choice prescription

Antihistamines only
Nasal steroids only

Antihistamines and nasal steroids

4791

7.39

1.32

75.68

1.62

3.63

46.69

8.14

1.41

74.38

1.73

3.75

46.32

7.46

1.29

73.52

1.54

3.54

46

7.84

1.36

73.05

1.72

3.63

46.33

7.43

1.18

71.39

1.45

3.52

4574 45.48
734  8.84
095 145
71.16  70.88
.12 1.63
358  3.82

44.17 43.75

11.67

1.67

11.19

1.85

68.26 67.48

2.07

54

2.28

4.78

-0.44

0.47

0.05

-0.97

0.05

0.17

<0.001

0.018

0.186

<0.001

0.237

0.039

Prescription and pattern rates per 100 patients are presented by year. Rates were sex- and age-standardized according to the population

composition of 2010.



Supplemental Table 3. General characteristics of the patients

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018
(n) (167,524) (172,961) (179,311) (182,395) (194,709) (192,414) (206,756) (209,704) (213,420)
Sex

91,587 93,707 97,081 98,087 104,826 103,069 110,508 112,040 113,563

Female
(54.7) (54.2) (54.1) (53.8) (53.8) (53.6) (53.4) (53.4) (53.2)
75,937 79,254 82,230 84,308 89,883 89,345 96,248 97,664 99,857
Male

(45.3) (45.8) (45.9) (46.2) (46.2) (46.4) (46.6) (46.6) (46.8)

Age groups
23,435 25,345 28,751 30,457 31,966 33,241 35,865 37,097 37,331

0-5 years
(14.0) (14.7) (16.0) (16.7) (16.4) (17.3) (17.3) (17.7) (17.5)
24,434 24,207 24,108 24,062 25,514 25,133 27,293 27,026 27,805
6—12 years

(14.6) (14.0) (13.4) (13.2) (13.1) (13.1) (13.2) (12.9) (13.0)
17,617 17,167 16,863 17,000 17,902 17,104 17,651 17,720 17,275

13-19 years

(10.5) (9.9) (9.4) (9.3) (9.2) (8.9) (8.5) (8.5) (8.1)




44,496 44,774 45,221 44,972 47,359 44,782 47,936 48,161 48,656

20-39 years

(26.6) (25.9) (25.2) (24.7) (24.3) (23.3) (23.2) (23.0) (22.8)

44,379 47,869 49,274 50,206 54,519 53,905 58,019 59,315 60,467
40-64 years

(26.5) (27.7) (27.5) (27.5) (28.0) (28.0) (28.1) (28.3) (28.3)

13,163 13,599 15,094 15,698 17,449 18,249 19,992 20,385 21,886
>65 years

(7.9) (7.9) (8.4) (8.6) 9.0 9.5) 9.7 9.7 (10.3)

Allergic disease
Allergic 13,556 15,395 17,490 18,001 19,350 18,903 20,839 19,396 22,040
asthma (8.1) (8.9) (9.8) 9.9 9.9) 9.8) (10.1) 9.2) (10.3)
Allergic 15,635 16,257 17,020 18,194 18,987 18,932 20,749 22,016 22,171
dermatitis (9.3) (9.4) 9.5) (10.0) (9.8) 9.8) (10.0) (10.5) (10.4)

The general characteristics of the patients are presented with numbers and percentages. The difference in distribution by year was

significant for all basic characteristics (P < 0.001).
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