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Abstract

Asthma is a heterogeneous outcome and how the condition should be measured to best capture clinically relevant disease
in epidemiologic studies remains unclear. We compared three methods of measuring asthma in the Danish National Birth
Cohort (n.50.000). When the children were 7 years old, the prevalence of asthma was estimated from a self-administered
questionnaire using parental report of doctor diagnoses, ICD-10 diagnoses from a population-based hospitalization registry,
and data on anti-asthmatic medication from a population-based prescription registry. We assessed the agreement between
the methods using kappa statistics. Highest prevalence of asthma was found using the prescription registry (32.2%)
followed by the self-report (12.0%) and the hospitalization registry (6.6%). We found a substantial non-overlap between the
methods (kappa = 0.21–0.38). When all three methods were combined the asthma prevalence was 3.6%. In conclusion, self-
reported asthma, ICD-10 diagnoses from a hospitalization registry and data on anti-asthmatic medication use from a
prescription registry lead to different prevalences of asthma in the same cohort of children. The non-overlap between the
methods may be due to different abilities of the methods to identify cases with different phenotypes, in which case they
should be treated as separate outcomes in future aetiological studies.
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Introduction

Recent decades have shown a concerning increase in the

prevalence of asthma in both developed and developing countries

[1–3]. According to the WHO, asthma is now one of the most

common chronic respiratory diseases worldwide and can lead to

reduced life quality for the affected individual as well as increasing

health care costs for society [4].

Asthma is a complex and poorly defined syndrome character-

ized by several phenotypes, possibly with different aetiologies

[5,6]. There is currently no ‘‘gold standard’’ for the measurement

of asthma and how the condition should be defined and measured

in epidemiologic studies remains unclear. Most previous studies

have used self-administered questionnaires to define asthma [7].

Questionnaires are useful in epidemiologic studies because of low

costs, permitting larger sample sizes compared to intensive and

expensive data collection methods, including bronchial challenge

tests and reversibility tests [7,8]. However, the appropriateness of

using self-reported data to measure asthma in aetiological studies

has been debated, mainly due to problems associated with recall of

events and individual differences in symptom perception [9]. In

Scandinavia, there is also the possibility of using population-based

register data to obtain information about asthma [10,11]. These

registries can be useful as they do not depend on recall and allow

for complete follow-up.

This study aimed to determine the prevalence of asthma in a

population of children using three classification methods, including

self-report, population-based hospitalization data, and population-

based prescription data in a large prospective birth cohort, and to

determine the agreement between the methods.

Methods

Study Population and Design
The study is based on a follow-up of the Danish National Birth

Cohort that enrolled more than 100,000 pregnancies from 1996–

2003 and has been described in detail elsewhere [12,13]. A

comprehensive follow-up questionnaire that included standardized

questions on asthma from a large worldwide collaboration study,

the International Study of Asthma and Allergies in Childhood

(ISAAC), was mailed to the mothers when the children were 7

years old. In total, 93,616 mother-child pairs were included in the

follow-up and answers were obtained for 53,637 children (57%).

Mothers provided written informed consent on behalf of their

children. The Regional Scientific Ethics Committee for the
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municipalities of Copenhagen and Frederiksberg approved all

study protocols, and all procedures were in accordance with the

Declaration of Helsinki.

Measures of Asthma
Self-reported asthma was assessed from the follow-up

questionnaire when the children were 7 years old. We defined

a self-reported asthma case as a child with a positive answer to

the question ‘‘Has a doctor ever said that your child had asthma?’’.

Current self-reported asthma was defined as a child with a self-

reported doctor diagnosis of asthma plus a positive answer to

the question ‘‘Has your child had any wheezing symptoms within the

past 12 months?’’.

We used the unique Danish Personal Identification Number

(CPR number) to extract information about asthma from two

population-based registers: the Danish National Patient Register

(DNPR) and the Register of Medicinal Product Statistics (RMPS).

Information about hospital contacts was extracted from the

DNPR, which includes mandatory information about all hospital

admissions in Denmark collected since 1977, and since 1995, also

emergency room and outpatient contacts. Diagnoses of asthma

were based on the International Classification of Diagnosis system

10 (ICD-10). We defined a hospitalization case of asthma as a

child who had an asthma diagnosis (J45.0, J45.1, J45.2, J45.8,

J45.9, or J46.9) registered in the DNPR from birth to 7 years of

age. Only the first registered asthma case was used.

Information about asthma medication use was extracted from

the RMPS, which includes mandatory information about all

prescriptions redeemed at Danish pharmacies since 1995.

Medication use was based on the Anatomical Therapeutic

Chemical Classification System (ATC). We extracted information

using the following ATC codes: R03A, R03B, R03C, and R03D.

We used a previously validated definition of asthma based on

prescription data [14]. We defined a prescription case of asthma as

a child who had redeemed any type of anti-asthmatic drug except

for beta2-agonists as liquid, inhaled beta2-agonists only once or

inhaled steroid only once from birth to 7 years of age. Similarly to

the DNPR, only the first registered case of asthma was used.

Statistical Methods
We calculated the 7-year prevalences of asthma by classification

method and for the methods in combination. The prevalence

according to the registries was calculated for the complete study

population; that is 93,616 children, whereas the self-reported

prevalence was calculated for those who had filled out the

questions on asthma.

Asthma cases from the three classification methods were

compared in two-by-two tables and the agreement among cases

and non-cases for each method calculated. We looked at all

possible combinations of the classification methods and therefore

alternatively used each of the three methods as the comparison

measure or ‘gold standard’. Cohen’s kappa coefficient was

calculated to describe the overall agreement between the

classification methods.

In supplementary analyses we modified the case definitions of

asthma in order to ascertain possible phenotypes. Current self-

reported asthma was compared to cases ascertained by the

registries, excluding the first 3 years of age from the register data.

We expected that the modified definitions would to a larger extent

reflect current asthma and exclude transient or viral wheeze

diagnosed as asthma in early childhood which later resolved.

All analyses were carried out in SAS statistical software (version

9.2; SAS Institute, Cary, North Carolina).

Results

Asthma Prevalence
The 7-year prevalence of asthma for each classification method

is shown in Table 1. The prevalence of self-reported asthma was

12.0%; of those 11.7% were currently experiencing wheezing

symptoms. According to the hospitalization registry the asthma

prevalence was 6.6%. The prescription registry yielded a

prevalence of 32.7%. We found a substantial non-overlap between

the cases ascertained by the three classification methods. Only

3.6% of the children were classified as cases during the first 7 years

of age when all three classification methods were combined

(Figure 1).

Classification Agreement
The overall agreement between self-reported asthma cases

compared with cases ascertained by the hospitalization registry

(k = 0.38) and the prescription registry (k = 0.37) was similar

(Table 2). The overall agreement between cases ascertained by

the two registries was lower (k = 0.21).

Among cases identified in the hospitalization registry and the

prescription registry, the proportion of children who also had a

self-reported doctor diagnosis of asthma was 65% and 33%,

respectively (Table 3). If the self-reported cases were used as the

reference, the proportions of cases also classified by the

hospitalization registry and the prescription registry were 31%

and 86%, respectively. 17% of the prescription cases were also

hospital cases, whereas 90% of hospital cases were classified as

cases by the prescription registry. In general, the three methods

showed better agreement with regard to classifying non-cases with

the proportions of agreement ranging from 72–99%.

Supplementary Analyses
Table 4 shows the results from the supplementary analyses

where registry information on the first 3 years of life was excluded.

This modification of the case definitions did not change the overall

agreements between the methods. Highest overall agreement was

found between current self-reported asthma and the prescription

registry (kappa = 0.35), followed by the agreement between current

self-reported asthma and the hospitalization registry (kap-

pa = 0.29), whereas the lowest agreement was found between the

two registries (kappa = 0.21). The agreement between cases was

lower for all comparisons compared to the measures that included

the first 3 years of life (15–57% vs. 27–90%) whereas the

agreement between non-cases remained high (93–99% vs. 72–

99%).

Discussion

To our knowledge, this is the largest population-based study to

simultaneously employ and compare three different asthma

classification methods that are commonly used separately in

epidemiological studies. Case ascertainment by means of self-

report, a hospitalization registry, and a prescription registry

yielded variable estimates of asthma prevalence during the first 7

years of age ranging from 6.6%–32.7%. Moreover, our study

revealed a substantial non-overlap between cases identified by the

three methods resulting in a prevalence of 3.6% if all three

methods were combined to define asthma. Measures of agreement

were low (kappa = 0.21–0.38).

Prevalence measures of asthma are difficult to compare across

settings because of the lack of a ‘‘gold standard’’. Another Danish

study that employed ICD-10 codes of asthma in the DNPR found

a prevalence of 5.0% of asthma in a cohort of children followed
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from birth to 12 years of age [15], which is consistent with our

findings, despite an older study population. A population-based

study from Norway that used data on prescriptions on anti-

asthmatic medication from the Norwegian Prescription Database

found a 12-month asthma prevalence of 9.1% among all

Norwegian children aged 0–19 [16]. Compared to the prescription

data prevalence reported in the present study, the Norwegian

prevalence seems low, but this may be explained by the quite

different outcome definitions and prevalence measures that were

employed in the two studies. In a population of Canadian children

aged 5 to 9 years, Yang et al. found a prevalence of asthma by self-

reports of 15.7% and 21.1% using health claims [17]. The same

question from the ISAAC questionnaire was used to define self-

reported asthma as in our study. The health claims diagnosis was

defined as at least one hospitalization for asthma at any time

during the child’s life or two separate ambulatory or emergency

room visits for asthma within a two year frame and had been

validated against an expert consensus diagnosis of asthma [18].

While the self-report prevalence concurs quite well with our

findings, the prevalence of the asthma health claims diagnosis

cannot be directly compared to any of our results, since our

registry data do not include primary care physicians’ diagnoses,

whereas the employed Canadian health claims data do [18].

Overall, studies using self-report of asthma have yielded a range

of different prevalences, illustrated for example by the ISAAC

study, which reported 12-months prevalences of asthma ranging

from 1.6–36.8% using the same standardized questionnaire in

different populations [19].

The overall agreement of the asthma classification methods in

our study was low, with kappa-values below 0.40 for all

comparisons. This is in contrast to the results reported in the

aforementioned study by Yang et al. that compared self-reported

asthma with asthma diagnosis based on health claims data and

found an overall agreement of kappa = 0.60 [17]. The better

agreement with self-report in the study by Yang et al. may be due

to the inclusion of primary care physicians’ diagnoses which are

lacking in our study. However, as in our study, the agreement

between the methods was higher when classifying non-cases.

A recent study by Nwaru et al. compared self-reported measures

of asthma from a Finnish version of the ISAAC questionnaire with

purchase of at least one anti-asthmatic medication during the

preceding 12 months and found that the self-reported measures had

a 98% agreement both with regard to classifying cases and non-cases

of asthma [20]. Self-reported asthma was defined as a child with any

wheezing symptom or use of asthma medication during the

preceding 12 months plus ever asthma (with or without a doctor

confirmation) and the definition of asthma based on the prescription

registry included children with at least one prescription. The

definitions therefore differ from those used in our study, both with

regard to the prevalence period as well as the symptom-based

definition which may explain the higher agreement of the compared

measures in the Finnish study. Other studies that have compared

Table 1. 7-year prevalence of asthma according to self-report, the Danish National Patient Register and the Register of Medicinal
Product Statistics.

Classification method N cases/N non-cases Prevalence %

Self-reports

‘Self-reported asthma’: diagnosis of asthma given by a doctor (n = 53,637) 6,424/47,213 12.0%

‘Self-reported current asthma’: doctor diagnosis + current wheezing (n = 19,146) 2,244/16,902 11.7%

Danish National Patient Register

Hospital cases (n = 93,616) 5,861/87,755 6.6%

Register of Medicinal Product Statistics

Prescription cases (n = 93,616) 30,099/63,517 32.2%

Combination of methods

Self-reported asthma + hospital cases + prescription cases (n = 53,637) 1,935/51,207 3.6%

doi:10.1371/journal.pone.0036328.t001

Figure 1. Comparison of asthma cases classified by self-report, the
Danish National Patient Register (DNPR) and the Register of Medicinal
Product Statistics (RMPS) in 53,637 children.
doi:10.1371/journal.pone.0036328.g001

Table 2. Conditional distributions of asthma cases and non-
cases classified by self-report, the Danish National Patient
Register (DNPR) and the Registry of Medicinal Product
Statistics (RMPS).

Yes/Yes No/No Yes/No No/Yes Kappa

Self-report/DNPR 2,023 46,122 4,401 1,091 0.38

RMPS/Self-report 5,499 36,209 925 11,004 0.37

DNPR/RMPS 5,211 62,867 650 24,888 0.21

doi:10.1371/journal.pone.0036328.t002
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self-reported measures of asthma and prescription data have found

lower agreement between the methods [21,22].

The variable prevalence estimates across the three methods that

we employed, and the substantial non-overlap between the cases

they identified, are noteworthy. The correct interpretation of this

is hampered by the fact that we have not assessed the true

prevalence of asthma in our population which would require a

clinical assessment of each individual. It is reasonable to assume

that the three methods we employed may have different error

sources and thus variable degrees of misclassification for a given

biological phenotype. However, for the case definition using the

prescription register data, we used a validated definition of asthma

that has previously been shown in a study by Moth et al. to have a

specificity of 0.86 and a sensitivity of 0.63 compared with

discharge information and a questionnaire completed by general

practitioners in those without a discharge diagnosis [14]. For self-

reported measures, poor recall of past events could have affected

the results, although we believe this would not lead to any

systematic over- or underreporting of the conditions.

While different error sources may explain some of the variance

in the prevalences of asthma among the assessment methods, it is

also possible that the three methods identify asthma cases with

biologically distinct phenotypes. For example, the hospitalization

registry may capture more severe phenotypes than the prescription

registry or maternal self-report. The overrepresentation of more

severe cases when using this classification method may however be

appropriate for studies of aetiological associations if hospitalized

cases have a different phenotypical aetiology compared to the

cases identified using the other methods. In contrast, the

prescription registry may identify a heterogeneous mix of cases,

ranging from suspected asthma cases that may have been

prescribed anti-asthmatic medication to clarify a diagnosis to

more severe cases that continuously require anti-asthmatic

treatment. A study showed that 13.9% of all children in Denmark

aged 0–15 years had redeemed prescriptions of at least one anti-

asthmatic drug in one year but not all of these children had

received an asthma diagnosis leading to an overestimation of the

asthma prevalence [23]. This is also true for the self-reported

diagnosis for asthma that also may comprise a broad spectrum of

cases with respiratory symptoms ranging from mild to severe,

including wheezing.

Wheezing symptoms in young children aged 0–3 years are

common and many are prescribed anti-asthmatic mediations [24].

These wheezing symptoms are often transient or viral-induced and

later remit [5]. Including the transient wheezers in the asthma

measures may dilute possible associations between exposures and

clinically relevant asthma and this may have implications for

studies of aetiological associations. When we excluded the first

three years of life from the register data and compared it to current

self-reported asthma we did not, however, find an overall

increased agreement between the methods. This supports the

conclusion that the three methods may not identify the same

asthma cases and that the outcomes may represent different

phenotypes of asthma.

The extent to which the non-overlap between the methods may

be due to misclassification or, to different phenotypes being

identified by each method, has implications for how to use these

methods in studies where each individual has been assessed by

more than one method simultaneously. Assuming that the

methods identify a single phenotype, methods can be combined.

In aetiologic studies of asthma where the aim is to estimate a

relative risk for a given factor high specificity may be desirable

even at the expense of lower sensitivity; this could be obtained by

requiring that two or more methods agree on the asthma case

ascertainment. For example, the self-reported measures could be

used in combination with the prescription register definition to

Table 3. Agreement of asthma cases and non-cases classified by self-report, the Danish National Patient Register (DNPR) and the
Register of Medicinal Product Statistics (RMPS).

Agreement among cases Agreement among non-cases

Self-report vs. DNPR 65% 91%

DNPR vs. Self-report 31% 98%

Self-report vs. RMPS 33% 98%

RMPS vs. Self-report 86% 77%

DNPR vs. RMPS 17% 99%

RMPS vs. DNPR 90% 72%

doi:10.1371/journal.pone.0036328.t003

Table 4. Agreement of asthma cases and non-cases classified by self-report (current asthma), the Danish National Patient Register
(DNPR) and the Register of Medicinal Product Statistics (RMPS), excluding the first three years of age from the register data.

Agreement among cases Agreement among non-cases Kappa

Self-report/DNPR 57% 91% 0.29

DNPR/Self-report 25% 98% 0.29

Self-report/RMPS 38% 93% 0.35

RMPS/Self-report 51% 89% 0.35

RMPS/DNPR 57% 93% 0.21

DNPR/RMPS 15% 99% 0.21

doi:10.1371/journal.pone.0036328.t004
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define an asthma case which in our study would lead to an asthma

prevalence of 10.2% On the other hand, assuming that the

methods identify different phenotypes we may need to do separate

analyses, one for each case definition.

In conclusion, our large-scale prospective study comparing

three different methods for asthma ascertainment revealed a

substantial non-overlap between cases identified by the three

methods. Reflective of either different biases or different pheno-

typical expressions of asthma, these classifications need to be

carefully considered when deciding on asthma outcomes in future

aetiological studies.

Acknowledgments

We gratefully acknowledge Bodil Hammer Bech (Institute of Public Health,

Aarhus University, Aarhus, Denmark), Dorte Rytter (Institute of Public

Health, Aarhus University, Aarhus, Denmark) and Ronald Dahl

(Department of Respiratory Diseases, Aarhus University Hospital, Aarhus,

Denmark) for helpful discussions regarding the asthma outcome. Also, we

would like to acknowledge the Managerial Team of the Danish National

Birth Cohort.

Author Contributions

Conceived and designed the experiments: SH MS EM ELM CG SFO.

Performed the experiments: SH MS CG ELM. Analyzed the data: SH

EM. Contributed reagents/materials/analysis tools: SH SFO. Wrote the

paper: SH.

References

1. Eder W, Ege MJ, von ME (2006) The asthma epidemic. N Engl J Med 355:
2226–2235.

2. Kay AB (2001) Allergy and allergic diseases. First of two parts. N Engl J Med

344: 30–37.
3. Kay AB (2001) Allergy and allergic diseases. Second of two parts. N Engl J Med

344: 109–113.
4. Bousquet J (2007) Global surveillance, prevention and control of chronic

respiratory diseases. A comprehensive approach. The World Health Organiza-

tion.
5. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M, et al. (1995)

Asthma and wheezing in the first six years of life. The Group Health Medical
Associates. N Engl J Med 332: 133–138.

6. Subbarao P, Mandhane PJ, Sears MR (2009) Asthma: epidemiology, etiology

and risk factors. CMAJ 181: E181–E190.
7. Pekkanen J, Sunyer J, Anto JM, Burney P (2005) Operational definitions of

asthma in studies on its aetiology. Eur Respir J 26: 28–35.
8. Kemp T, Pearce N, Crane J, Beasley R (1996) Problems of measuring asthma

prevalence. Respirology 1: 183–188.
9. Peat JK, Toelle BG, Marks GB, Mellis CM (2001) Continuing the debate about

measuring asthma in population studies. Thorax 56: 406–411.

10. Pedersen CB, Gotzsche H, Moller JO, Mortensen PB (2006) The Danish Civil
Registration System. A cohort of eight million persons. Dan Med Bull 53:

441–449.
11. Pedersen CB (2011) The Danish Civil Registration System. Scand J Public

Health 39: 22–25.

12. Olsen J, Melbye M, Olsen SF, Sorensen TI, Aaby P, et al. (2001) The Danish
National Birth Cohort - its background, structure and aim. Scand J Public

Health 29: 300–307.
13. Andersen AM, Olsen J (2011) The Danish National Birth Cohort: selected

scientific contributions within perinatal epidemiology and future perspectives.
Scand J Public Health 39: 115–120.

14. Moth G, Vedsted P, Schiotz P (2007) Identification of asthmatic children using

prescription data and diagnosis. Eur J Clin Pharmacol 63: 605–611.

15. Yuan W, Basso O, Sorensen HT, Olsen J (2002) Fetal growth and

hospitalization with asthma during early childhood: a follow-up study in

Denmark. Int J Epidemiol 31: 1240–1245.

16. Furu K, Skurtveit S, Langhammer A, Nafstad P (2007) Use of anti-asthmatic

medications as a proxy for prevalence of asthma in children and adolescents in

Norway: a nationwide prescription database analysis. Eur J Clin Pharmacol 63:

693–698.

17. Yang CL, To T, Foty RG, Stieb DM, Dell SD (2011) Verifying a questionnaire

diagnosis of asthma in children using health claims data. BMC Pulm Med 11:

52.

18. To T, Dell S, Dick PT, Cicutto L, Harris JK, et al. (2006) Case verification of

children with asthma in Ontario. Pediatr Allergy Immunol 17: 69–76.

19. ISAAC (1998) Worldwide variation in prevalence of symptoms of asthma,

allergic rhinoconjunctivitis, and atopic eczema: ISAAC. The International Study

of Asthma and Allergies in Childhood (ISAAC) Steering Committee. Lancet

351: 1225–1232.

20. Nwaru BI, Lumia M, Kaila M, Luukkainen P, Tapanainen H, et al. (2011)

Validation of the Finnish ISAAC questionnaire on asthma against anti-asthmatic

medication reimbursement database in 5-year-old children. Clin Respir J 5:

211–218.

21. Joesch JM, Kim H, Kieckhefer GM, Greek AA, Baydar N (2006) Does your

child have asthma? Filled prescriptions and household report of child asthma.

J Pediatr Health Care 20: 374–383.

22. Roberts EM (2003) Does your child have asthma? Parent reports and

medication use for pediatric asthma. Arch Pediatr Adolesc Med 157: 449–455.

23. Ingvardsen BK, Kampmann JM, Laursen LC, Johansen HL (2000) [Utilization

of anti-asthmatic drugs among Danish children in 1998]. Ugeskr Laeger 162:

6062–6065.

24. Zuidgeest MG, van DL, Smit HA, van der Wouden JC, Brunekreef B, et al.

(2008) Prescription of respiratory medication without an asthma diagnosis in

children: a population based study. BMC Health Serv Res 8: 16.

Measuring Asthma in Epidemiologic Studies

PLoS ONE | www.plosone.org 5 May 2012 | Volume 7 | Issue 5 | e36328


