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Clinical Implications:
� Age-specific incidence of asthma remains poorly known.
On the basis of novel asthma medication reimbursement
data in Finland, we report that asthma incidence is
highest in children and in aged persons and most
diagnoses of persistent asthma are made in adulthood.
TO THE EDITOR:

Age-specific incidence of asthma across all age groups remains
poorly known.1,2 Recently, in the United States it was reported
that adult-onset asthma becomes the dominant phenotype
among women by age 40 years.1 Cluster analyses have suggested
that patients with asthma can be divided into different pheno-
types and the age at disease onset is a key differentiating factor
between phenotypes.2-4 The estimated adult incidence of asthma
from pooled general population studies has been reported to be
4.6 cases per 1000 person-years in females and 3.6 cases per
1000 person-years in males.5 This estimate is based on small
prospective cohorts or retrospective cross-sectional studies often
with limited age span. Higher yearly incidences of newly diag-
nosed asthma in early adulthood, correlating with earlier lung
function abnormalities in childhood, have been reported from
the Tucson birth-cohort study.6 In many studies, the diagnosis of
asthma has been based on questionnaire or interview,6 leading to
a possibility of misdiagnosis of asthma. The current GINA
guideline7 advocates the use of objective lung function tests to
diagnose asthma.

To evaluate the relative contributions of diagnoses of persis-
tent asthma made either in childhood or in adulthood as well as
to estimate age-specific incidence of asthma, we analyzed the
number of patients entitled to new special asthma medication
reimbursement (referred here as asthma reimbursement) in
Finland during the period 2012 to 2013. In Finland, every pa-
tient with persistent asthma is entitled to asthma reimbursement
if specific criteria (see Table E1 in this article’s Online Repository
at www.jaci-inpractice.org) are met. Data acquisition and
methods are described in detail in this article’s Online Repository
at www.jaci-inpractice.org.

During the period 2012 to 2013, 26,281 new patients were
entitled to special reimbursement for their asthma medication
(13,941 females and 12,340 males). When data from 2012 and
2013 were pooled, the overall yearly incidence of new asthma
reimbursement was 2.52 per 1000 person-years (2.65 in
females and 2.38 in males). Of these, only 25.3% belonged to
the age group 0 to 14 years, indicating that a vast majority
(74.7%) of new patients who obtained asthma reimbursement
were older than 15 years (Figure 1, A). If a different age
separating childhood and adulthood is used, the corresponding
figures are 30.4% and 69.6% for age groups of 0 to 18 years
and 19 years and more, respectively. Of new female patients
entitled to asthma reimbursement, more than 81% were 15
years or older. In contrast, more 0- to 14-year-old boys were
entitled to asthma reimbursement during childhood, repre-
senting 33% of new male patients entitled to reimbursement.
The pooled incidence data (Figure 1, B) indicate that in males
the incidence of new asthma reimbursement is highest in young
boys aged 0 to 9 years but then rapidly declines and rises again
only after the age of 30 years. In contrast, the incidence of
asthma reimbursement is higher in females than in males,
except in young boys (�14 years) and the oldest age group
(�75 years) (Figure 1, B). The incidence of asthma reim-
bursement is more stable in females than in males over the
whole age span (Figure 1, B). However, there is lower incidence
of asthma reimbursement in women between the ages of 20 and
34 years. Thereafter, the incidence is rising again toward the
menopausal transition and postmenopause age (Figure 1, B).
This result is supported with a recent study reporting meno-
pause as a predictor of new-onset asthma.8 This suggests that
hormonal changes may have a role in the development of
asthma,4 for example, because of increased systemic inflam-
mation when estrogen levels decrease.9 The age group by which
the proportion of adult (�15 years)-onset disease became
dominant (ie, exceeded 50%) was 30 to 34 years in females and
50 to 54 years in males (see Figure E1 in this article’s Online
Repository at www.jaci-inpractice.org). This is well in line with
a recent US-based data reporting that adult-onset asthma be-
comes the dominant phenotype among women by age 40 years1

and with the recent cluster analyses suggesting the presence of
several adult-onset phenotypes of asthma.2-4

For health care providers it is important to know the age-
specific prevalence of diseases. For example, among patients
with asthma, the young boys and older women (�65 years) have
been shown to be at a high risk for hospitalization.10 In 2013 in
Finland, there were 230,740 patients entitled to asthma reim-
bursement (138,511 females and 92,229 males), indicating a
prevalence of 4.23% (5.00% for females and 3.44% for males).
Of these, only 7.6% belonged to the age group of 0 to 14 years,
indicating that a vast majority (92.4%) of patients who have
asthma reimbursement were older than 15 years. Of female pa-
tients entitled to asthma reimbursement, more than 95% were
15 years or older. In contrast, more boys were entitled to special
asthma reimbursement during childhood, representing 12% of
males entitled to reimbursement.

There is evidence that the asthma initiating at adulthood
rarely remits.11 In contrast, variable remission rates from less
than 10% to 75% in childhood asthma have been reported.12,13

That should lead to a decrease rather than an increase in the
prevalence of asthma if most of asthma is diagnosed in child-
hood. The age-specific prevalence (Figure 2) of asthma reim-
bursement in males is higher in young boys aged 0 to 14 years
(w3.2% in the 5-14 age group) but then rapidly declines and
rises again after the age of 30 to 35 years, reaching a level of 6.7%
in men at age more than 75 years. In contrast, there is contin-
uous increase in the prevalence of asthma reimbursement in fe-
males over the whole age span. After the age of 35 years, it clearly
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FIGURE 1. A, The proportion of patients entitled to novel asthma
reimbursement in Finland during the period 2012 to 2013 in per-
sons 0 to 14 years old or more than 15 years old. B, The incidence
per 1000 of patients entitled to new asthma reimbursements in
different age groups in females and males in the period 2012 to
2013 (pooled data) in Finland (population 5.45 million).

FIGURE 2. The prevalence (%) of patients entitled to asthma re-
imbursements in different age groups in females and males in
2013 in Finland (population 5.45 million).
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exceeds that of males and reaches 9.2% in women 70 years and
older (Figure 2).

The present and previous1 results suggest that the recently
characterized adult-onset phenotypes2-4 of asthma may constitute
a majority among all new cases of asthma. Major strengths of the
present study are as follows: First, the data represent the whole
population in Finland (5.4 million) including both sexes and
across all age groups. Second, the physician made the diagnosis of
asthma on the basis of objective measurement of lung function
(except in small children) as advocated by guidelines.7 Third, to
obtain the asthma reimbursement, the patient needs to use anti-
inflammatory therapy for at least 6 months indicating the pres-
ence of persistent asthma. Weaknesses of this study include that
patients with very mild or seasonal asthma may be excluded. In
addition, the requirement of anti-inflammatory therapy for 6
months as well as different coding practices may underestimate
the incidence of asthma especially in small children. It is possible
that some patients diagnosed to have new-onset asthma at adult
age could have had symptoms of asthma during their childhood.
Data on tobacco smoking were not available and thus it is
possible that the data may include some patients who have
asthma and chronic obstructive pulmonary disease together, that
is, a disease presentation closely resembling the recently described
asthma-chronic obstructive pulmonary disease overlap
syndrome.7,14
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APPENDIX

Data acquisition and methods

Special asthma medication reimbursement system

in Finland. All Finnish patients with doctor-diagnosed asthma
fulfilling the specific criteria (Table E1) are entitled to special
asthma medication reimbursement (referred here as “asthma
reimbursement”) to cover 65% of the cost of their medication to
treat asthma (Social Insurance Institution of Finland, code
AE203). Practically all patients fulfilling the criteria and needing
continuous medication for asthma apply the asthma reimburse-
ment, which is granted to the patient if the criteria presented in
Table E1 are fulfilled. In adults, the asthma reimbursement is
usually granted indefinitely; that is, generally it is permanent.
Children are generally entitled to asthma reimbursement for a
limited time, 2 to 5 years or until late teenage (ie, 16-20 years),
whereafter the special reimbursement is renewed if there is a need
for continuous therapy. In such cases, the patient is then usually
entitled to a permanent asthma reimbursement. In the present
study, the renewal of asthma reimbursement was not included in
the number of new cases in any of the age groups, that is, is not
affecting the calculation of incidence. Thus, the number of pa-
tients entitled to new special asthma medication reimbursement
closely reflects the number of new diagnoses of asthma. The
number of patients entitled to valid asthma reimbursement re-
flects the number of current diagnoses of persistent asthma
needing therapy and has been used in publicationsE1-E3 to reflect
the burden of asthma at the population level. Because the enti-
tlement to special asthma medication reimbursement granted in
adulthood is usually permanent, there exists a possibility that
patients not needing or using asthma medication are included. In
2013, 203,548 patientsE4 had bought at least 1 asthma-specific
medication covered by the asthma reimbursement, indicating
that more than 80% of the patients had active disease.

Data acquisition. Data on the number of new patients
entitled to special asthma medication reimbursement as assessed
on the basis of diagnosis groups (excluding diagnoses other than
asthma) were obtained from the Social Insurance Institution of
Finland and at general level are publicly available at the Web site
of the institution.E4 Because the entitlement to asthma reim-
bursement may also contain diagnoses of other chronic
obstructive diseases, diagnosis-specific number of patients
divided into 5-year age groups were obtained from senior sta-
tistical analyzer Timo Partio, M Sos Sc (The Social Insurance
Institution of Finland). The number of patients entitled to novel
asthma reimbursement during the years 2012 and 2013 sepa-
rately was obtained as well as the total number of patients
entitled to valid asthma reimbursement at the end of the year
2013. For the present analysis, only patients entitled to special
reimbursement due to asthma were included. The data for valid
asthma reimbursement (ie, data used for prevalence calculations)
also contained patients (persons who obtained special reim-
bursement a long time ago) for whom the exact diagnosis was not
included. For this group of patients, the number used for the
prevalence calculations was corrected to reflect a similar distri-
bution of different diagnoses in different age groups than in the
majority of patients from whom the exact diagnosis was available.
The effect of this correction on the total number of patients
entitled to specific reimbursement in the whole population is
2.2%, but the percentage may vary in different age- and sex-
specific groups.

The corresponding age groupe and sex-specific data on
background population for December 31, 2012 and 2013, were
obtained from the Statistics FinlandE5 Web site.

Calculation of age groupe and sex-specific inci-

dence and prevalence values. The age groupe and
sex-specific incidence of patients entitled to new asthma reim-
bursement (reflecting the incidence of new diagnoses of asthma)
were calculated by pooling data from the years 2012 and 2013
by dividing the number of new cases by the corresponding
pooled age- and sex-specific population at risk. The obtained
value was multiplied by 1000 to obtain incidence per 1000
patients per year. The population at risk is the number of
persons at the age- and sex-specific group from which the
number of patients already having asthma reimbursement were
reduced. The age groupe and sex-specific prevalence values for
2013 were calculated by dividing the number of patients
entitled to valid asthma reimbursement at the end of the year by
the corresponding age- and sex-specific background population
and multiplied by a factor of 100 to obtain prevalence values as
percentage.



FIGURE E1. The proportion of novel adult-onset (>15 years)
asthma reimbursements (% of total novel asthma re-
imbursements) in different age groups in females and males in
pooled data from years 2012 and 2013 in Finland (population
5.45 million).

TABLE E1. Criteria for special asthma medication reimbursement in Finland according to Social Insurance Institution of Finland

Asthma is considered as a chronic and a long-standing disease causing entitlement to special reimbursement in children and adults when the regular anti-
inflammatory medication has continued at least 6 mo and still continues.

The diagnosis of asthma needs to be confirmed by showing
reversible obstruction with pulmonary function tests. In
adults and in children aged �7 y, the diagnostic findings
for asthma are as follows (each separately)

� Diurnal variation in the peak expiratory flow (PEF) during 2-wk follow-up at least
20% as compared with the mean of morning and evening values at least 3 times

� During PEF follow-up, the PEF value increases in response to bronchodilator
repeatedly (at least 3 times) at least 15% (in adults also at least 60 L/min) as
compared with the prebronchodilator value

� In the bronchodilatation test made with spirometry, FEV1 or forced vital capacity
increases at least 12% and at least 200 mL as compared with the prebronchodilator
value

� In a therapeutic trial with corticosteroids, FEV1 increases at least 15% and 200 mL or
the mean PEF values during several days (preferably 5 d before medication as
compared with the last 5 d of the therapeutic trial) increase at least 20%

� In bronchial provocation test (either histamine or methacholine), the bronchial hy-
perreactivity is moderate to severe

� In exercise test, PEF or FEV1 is reduced at least 15% from pretrial value

Chronic asthma in children
Asthma in school-age children (7 y and older) is diagnosed

similarly to that described above for adults

� Asthma in below school-age children (<7 y) should be confirmed with lung function
tests. Evaluation of lung function tests is usually successful after the age of 5 to 6 y.
The results of the lung function tests must be documented. Asthma in children younger
than 3 y is based on symptoms and clinical findings. In small children in whom the
diagnosis is based on symptoms and clinical findings, features suggesting asthma are
expiratory wheezing and breathing difficulty that occur repeatedly and relief from
symptoms with bronchodilatory medication. Features supporting the diagnosis of
asthma are need for the bronchodilatory medication more than twice a week and
breathing difficulties that require increased medication and that occur at an interval of
<6 wk

� In small children with doctor-diagnosed breathing difficulties 2 to 3 times a year, a
clinical index based on asthma risk factors can be used. In those cases, the
probability of asthma is increased when at least 1 main criteria or 2 additional criteria
are met. Main criteria are (1) parental asthma, either father or mother; (2) doctor-
diagnosed atopic dermatitis; and (3) IgE-mediated food allergy. Additional criteria are
(1) doctor-diagnosed allergic rhinitis, (2) wheezing in the absence of infection, and (3)
the proportion of blood eosinophilic granulocytes that exceed 4%. If there exist
breathing difficulties at least 4 times a year, a regular anti-inflammatory medication
reducing bronchial inflammation is advised. In small children, variable obstruction
found using special methods (eg, oscillometry) or elevated exhaled nitric oxide content
reflecting eosinophilic airway inflammation found using special methods are
additional information that can complement the evaluation.

Entitlement to special asthma medication reimbursement in children as well as in adults requires the use of anti-inflammatory medication that reduces
airway inflammation at least for 6 mo. In children younger than 16 y, special asthma medication reimbursement can be granted for a period of 5 y at
maximum and in children younger than 3 y, special asthma medication reimbursement can be granted for a period of 2 y at maximum.
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