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Epidemiological evaluations of the prevalence of asthma are usually
based on written questionnaires (WQs) in combination with validation
by clinical investigation. In the present investigation, we compared
parental assessment of asthma among their preschool children in re-
sponse to a WQ with the corresponding medical records in the same
region. An International Study of Asthma and Allergies in Childhood
(ISAAC)-based WQ was answered by 75% of the parents of 6295
children aged 1-6 yr. Clinically diagnosed asthma, recorded in con-
nection with admissions to the hospital or a visit to any of the outpa-
tient clinics in the same region, were analysed in parallel. Finally, a
complementary WQ was sent to the parents of children identified as
asthmatic by either or both of this approaches. In response to the WQ
5.9% were claimed to suffer from asthma diagnosed by a doctor.
According to the medical records, the prevalence of clinically diagnosed
asthma was 4.9%. The estimated prevalence among children requiring
treatment for their asthma was 4.4%. The sensitivity of the WQ was
77%, the specificity 97.5%. In the 1-2 yr age group the sensitivity was
only 22%. This WQ was able to identify 54% of the children with a
medical record of asthma. Forty percent of the children claimed by their
parents to be asthmatic had no medical record of asthma. An ISAAC-
based parentally completed WQ provided an acceptable estimation of
the prevalence of asthma in children 2—6 yr of age, although only half of
the individual patients identified in this manner are the same as those
identified clinically.
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The prevalence of asthma, a major chronic
disease around the world, is most often estimated
on the basis of responses to written question-
naires (WQs), which indicate an increasing
frequency during the past few decades although
there are indications of a shift in this trend (1-3).
Telephone surveys represent another approach to
estimate prevalence of this disease (4). However,
certain reports indicate that WQs or other types
of parental assessments of asthma do not corre-
late with the prevalence of symptoms, clinical
findings or pulmonary function test results (5-7).

Furthermore, studies of the medical records of
adult patients have indicated a prevalence of
asthma lower than that suggested by correspond-
ing questionnaires (8). Another approach to
determine the prevalence asthma involves analy-
sis of purchases of asthma medication which
identifies those in need of asthma treatment (9,
10). Still another indirect way is to analyze the
use of healthcare services (11).

Probably the best alternative to establish
the prevalence and incidence is to perform
prospective studies (12). However, these are
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time-consuming and for practical purposes ques-
tionnaires will continue to be used.

Although validation of one of these, the
International Study of Asthma and Allergies in
Childhood (ISAAC) WQ in school children, has
been performed employing clinical investigations
the use of this same WQ with preschool children
has not been validated clinically (13). The repro-
ducibility of answers to similar questions has
been evaluated for other WQs designed for this
age group (14).

The aim of our present investigation was to
generally discuss the usefulness of WQs for
estimation of the asthma prevalence with the
help of a comparison of the results from a
modified version of the ISAAC WQ filled out by
parents of children 1-6 yr old in a given region of
Sweden to the diagnosis of asthma found in the
medical records for this same region.

Methods

Three different sets of data were employed in the
present study. The primary source of data was
questions from the ISAAC WQ used in the first
phase of the Dampness in Buildings and Health
(DBH) study, while the second source was the
medical records for this same region (15). The
children included in the medical records and in
the WQ were all matched on the basis of their
personal identification numbers. This was poss-
ible as each individual in Sweden is characterized
by an identification number. All outpatient
centers in our region have computerized records
of their patients and each visit is registered,
along with the ICD 10 code, to allow statistical
evaluation (not for billing). This code can then be
used as a measure of period prevalence in clinical
practice.

The respiratory symptoms and frequency of
the parent reported doctor-diagnosed asthma
reported in response to the WQ were compared
with the recorded medical diagnose. As there
were discrepancies in the findings obtained using
these two approaches we decided also to design
and distribute a complementary WQ to the
parents of all children with asthma according to
either or both of these data sets, the responses to
which constituted the third data set.

The DBH WQ

The DBH WQ was sent in March 2000 to the
parents of all the 14,077 children in Virmland
Sweden, who were 1-6 yr old in 1999. However,
in the present investigation, only the responses
concerning children living in Karlstad, the

2

regional capital or surrounding areas were con-
sidered. The response rate in this region was
75%; 4749 of the 6295 parents who received the
WQ responded, but of these 53 did not answer
the specific question, ‘Has your child been
diagnosed with asthma by a doctor?. This was
the only question modified compared with the
original ISAAC WQ.

The medical records

In Sweden, preschool children with asthma
receive their main care from pediatricians work-
ing in ambulatory clinics. Wheezy children are
often identified as asthmatics in these clinics or
after admission to a pediatric ward (11). Children
with asthma can also be identified and treated by
General Practitioners (GPs) but are usually
referred to pediatric ambulatory care (16).
Therefore, all 70 of the GPs in the study area
also made reports concerning asthma diagnosis
in this age group.

Using the patient records from the Central
Hospital of Karlstad, as well as the records of all
the pediatric outpatient clinics in our study area,
i.e. five pediatricians, including the sole private
pediatrician, we examined the information for
1999 concerning asthma in all children aged
1-6 yr.

In Sweden, the diagnosis of asthma in children
of this age group is routinely based on one of the
following criteria: (i) three episodes of wheezing
prior to 2 yr of age; (ii) a first wheezing episode
after the age of 2; or (iii) the first episode of
wheezing in a child who also suffers from other
atopic diseases.

The complementary WQ

By matching these two data sets and assuming
that the medical diagnostic code was correct four
groups of patients were identified:

1 The false-negative group, who had a clinical
diagnosis of asthma, but whose parents denied
this in responding to the DBH WQ.

2 The false-positive group, who had no clinical
record of asthma but whose parents stated the
opposite in response to the DBH WQ.

3 The congruent group, for whom doctors and
parents agreed that the child had asthma.

4 The non-responders, who had a recorded
clinical diagnosis of asthma and whose parents
did not answer the DBH WQ.

In an attempt to explain the discrepancies
observed concerning the diagnosis of asthma



the parents of the children in these four groups
received a postal complementary WQ during
2003 which could be answered anonymously. The
central questions included in this WQ are
presented in Table 5. If no answer was received
two reminders were sent.

Statistical analysis

Analysis of descriptive statistics was performed
employing the statistical package for social
sciences, Spss, version 11.0 (SPSS, Chicago, 1L,
USA). In connection with tests for two-sided
levels of significance, a p-value <0.05 was
considered significant. Prevalence rates are pre-
sented together with their 95% CI. This study
was approved by the regional ethics committee.

Results
The DBH WAQ vs. medical records

As summarized in Table 1, the prevalence pre-
school asthma in the DBH WQ was 5.9% (95%
CI = 5.2-6.6). The findings based on medical
records are presented in Table 2. We received
answers from all the centers in the study area,
allowing complete documentation of clinically
diagnosed asthma. Fifty percent of the asthmatic
children were diagnosed by pediatricians in
ambulatory clinics, 33% at the outpatient clinic
of the hospital and 17% by GPs. The overall
prevalence of clinical asthma was 4.9% (95%
CI = 4.4-5.4) corresponding to 309 children
altogether. This prevalence is different from the
WQ prevalence (p < 0.05). On the average each
child made 2.4 visits to the outpatient clinics per
year. Hospital admissions for asthma were
frequent during the first 2-3 yr of life.

The parents of 216 of the 309 children with
clinical asthma (70%) answered the DBH WQ in
its entirety. Fifty of these 216 parents (23%) who
denied or had forgotten that their children had
asthma in the WQ constituted the false-negative
group (Table 3). Of the 275 children whose

Comparison of asthma prevalences

Table 2. The medical records: prevalence of asthma, visits to the outpatient
clinic, and hospital admissions in children 1-6 yr of age during 1999

Children Visits to the

with asthma,  outpatient clinic ~ Hospital admissions
Age (yr) n n (%) per child per 1000 children
Tto<2 1371 46 (3.9) 32 1.9
2t0<3 1345 70 (6.1) 25 6.9
3to<d 1246 67 (5.4) 2.1 48
4t0<5 1154 73 (5.4) 22 45
5106 1179 53 (3.9) 2.1 0.7
Total 6295 309 (4.9 24 538

Table 3. Comparison of the prevalence of asthma among 1- to 6-yr-old chil-
dren indicated by their parents’ responses to the Dampness in Buildings and
Health questionnaire and by the medical records

Clinical diagnosis

Asthmatic Non-asthmatic Total number

Children reported by their 166 109 275
parents to have asthma

Children reported by their 50 4371 4421
parents not to have asthma

Children whose parents 93 1506 1599
did not answer the questionnaire

Total number 309 5986 6295

parents reported that they had asthma in the
WQ, only 166 had actually received such a
diagnosis and thus belonged to the congruent
group. Accordingly the false-positive group
included the remaining 109 children. In addition,
the medical records revealed that 93 children
whose parents did not answer the WQ had
clinical asthma, indicating a prevalence among
the non-responders of 5.8% (95% CI = 4.8-7.2).
This prevalence is not different from the respond-
ers or from the clinical prevalence. There were no
differences in age or gender distribution com-
pared to those who answered the WQ except that
the asthma prevalence in the 5-6 yr old was
higher (9.2%).

Validation of the respiratory symptoms repor-
ted by parents in response to the DBH WQ

Table 1. Prevalence of parent reported symptoms localized to the airways in girls and boys of different ages during 1999 according to 4696 answers to the

Dampness in Buildings and Health questionnaire

Prevalence, n (%)

Total Gender Age (yr)
11to0 <2, 2 to <3, 3 to <4, 4 to <5, 5 to 6,
Symptoms 4696 Girls 2372 Boys 2324 n = 896 n = 886 n =922 n =984 n = 1008
Wheezing ever 1189 (25.4) 515 (21.7) 674 (29.0) 232 (25.9) 246 (27.8) 236 (25.6) 240 (24.4) 235 (23.3)
Wheezing during the past 12 months 886 (19.1) 396 (16.7) 490 (21.1) 238 (26.6) 198 (22.4) 163 (17.7) 154 (15.7) 133 (13.2)
Doctor-diagnosed asthma 275 (5.9) 105 (4.4) 170 (7.3) 32 (3.6) 59 (6.7) 60 (6.5) 67 (6.8) 57 (5.7)
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Table 4. Validation of the respiratory symptoms reported by parents in re-
sponse to the Dampness in Buildings and Health questionnaire in relationship
to clinically diagnosed asthma

Sensitivity Specificity Positive

(%) (%)  predictive value
Asthma diagnosed by a doctor? 76.9 975 0.60
Wheezing during the past 12 months?  86.3 84.1 0.21
Wheezing ever? 945 778 0.17

against clinically diagnosed asthma is presented
in Table 4. Further analysis showed that the age-
adjusted sensitivity of the question concerning
diagnosis of asthma by a doctor was 22% for
children 1-2 yr of age, but for 2- to 3-yr-old
children this value was 66% and it rose to 83% in
the 5- to 6-yr-old children.

Considering all discrepancies between these to
sets of data, including lack of response, it can be
concluded that the WQ was able to identify only
54% (166/309) of the children with clinically
diagnosed asthma, while yielding 40% (109/275)
false-positive diagnoses.

The parents of only 63% of the children at
high risk for persistent asthma (as identified and
monitored by pediatricians) responded to the
WQ, but the sensitivity with respect to this group
was 100%.

The complementary WQ

Our complementary WQ directed to the parents
of children who were asthmatic either according
to the DBH WQ and/or medical records had a
response rate of 76% and is summarized in
Table 5. The gender distribution was the same as
in the clinical and WQ material. However, there
were only half as many children among the false-
negative group 5-6 yr old and likewise only half
as many in the 1-2 yr old in the false-positive
group as expected. In the congruent group there
was only one of five of the expected number of
children in the 1- to 2-yr-old group.

Discussion

The most interesting findings of our present
investigation arose from comparison of the
medical records to the responses to the DBH
WQ. The overall prevalence indicated by these
two sets of data was similar, but the individual
patients identified as asthmatic were far from
identical.

Our validation of the DBH WQ utilizing
clinically diagnosed asthma registered in medical
records as the reference point revealed a relat-
ively high and, at least at ages older than 2,
constant sensitivity and specificity, but the pos-
itive predictive value (PPV) was low (Table 4).
Obviously the predictive usefulness of a WQ in
1-6 yr old could be improved if children 1-2 yr
old were omitted because of low sensitivity in this
age group, probably because of problems to
define asthma during these years (17). As clinic-
ally diagnosed asthma was as common among
non-responders as among responders to the
DBH WAQ, selection bias cannot explain this
discrepancy.

The DBH WQ identified no more than 54% of
the children with medical records of asthma and
gave simultaneously a 40% false-positive rate of
diagnosis. The conclusion to be drawn is that
even though WQs may provide a correct estimate
of the overall prevalence of asthma, it is not
possible to identify individual children with
clinically diagnosed asthma simply by asking
their parents. These findings are in agreement
with those obtained by analyzing the purchase of
asthma medication (9). In that study only 35% of
those children reported by their parents as being
asthmatics were associated with the purchase of
asthma medication. On the other hand, 45% of
those whose parents had purchased such medi-
cation were not described as having asthma.
Accordingly, these investigators conclude that
relying on parental reports may lead to underes-
timation of the prevalence of serious asthma.
This is in agreement with our present results

Table 5. Responses of parents of children who were asthmatics in 1999 (according either to their parents and/or doctors) to the complementary questionnaire (%)

False-negative False-positive Congruent No response
Children with the following characteristics group (n = 50) group (n = 109) group (n = 166) group (n = 93)
Wheezing prior to 1999 32 (64) 85 (78) 152 (92) 82 (88)
Wheezing during 1999 28 (56) 68 (62) 142 (86) 74 (79)
Asthma prior to 1999 15 (29) 63 (58) 106 (64) 41 (44)
Asthma during 1999 12 (24) 39 (36) 11 (67) 54 (58)
Visit to a doctor because of asthma during 1999 15 (29) 29 (27) 105 (63) 61 (65)
Use of short-acting beta-2 agonists during 1999 34 (67) 53 (49) 151 (91) 84 (90)
Use of inhaled corticosteroids during 1999 17 (33) 35 (32) 137 (83) 70 (75)
Asthma in 2003 9(18) 29 (27) 103 (62) 45 (48)
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where only two of three of the parents of the
children at high risk for persistent asthma
answered the DBH questionnaire and reflects
the major important drawback that the parents
of such children are often involved in other
studies and tends not to answer questionnaires.

As shown in Table 4, the sensitivity of the
occurrence of wheezing during the past
12 months as an identifier of asthma was 86%.
Thus, for screening a population for asthma, a
symptom-related question seems to be more
reliable than questions concerning diagnosis
which was also the conclusion drawn in another
recent report (18). This is, however, not in
agreement with the results of earlier studies (19).

In the phase II of the DBH study a nested case—
control validation was carried out where WQ
alleged doctor diagnosed asthma was compared
with a diagnosis of asthma made by an examina-
tion with a sensitivity of 70.0%, a specificity of
97.8% and a PPV of 0.93 (M. Hasselgren,
personal communication). These values are sim-
ilar to these obtained by other clinical validations
of WQs (4, 20). The discrepancies between these
results and the findings we document here can
presumably be explained by selection biases. To
be included in the phase II of the DBH study
children had to exhibit at least two allergic
symptoms and the investigations performed on
them were extensive. Parents who are willing to
let their children participate in this type of
validation represent a select group that differs
from the general population. Factors associated
with participating were a high socio-economic
status of the family, more health problem in the
case families, and health-related lifestyle factors,
such as non-smoking parents (21).

The prevalence of asthma observed in the WQ
is lower than that reported from English-speak-
ing countries (1, 14, 22), but in agreement with
the prevalence of asthmatic symptoms documen-
ted in a recent study in Sweden employing the
same questions with children aged 6-7 yr (23).
The prevalence of asthma was relatively constant
between 2 and 6 yr of age and all symptoms were
more frequent among boys, in accordance with
earlier studies (9).

The prevalence found in the medical records
can be compared with the 5% reported in the
1998 study from this same geographic area (11).
A prospective birth cohort investigation from
Sweden found an asthma prevalence of 7% at
4 yr of age (24). An Italian study based on the
computerized medical records of 0- to 5-yr-old
children from 1997 to 1998 reported an asthma
prevalence of 6.3% among males and 4% among
females (25).

Comparison of asthma prevalences

An investigation on the primary health care of
Swedish adults revealed only a 2.1% prevalence
of asthma in the medical records in comparison
with the 5.5% prevalence found by a WQ in the
same region (8). These authors concluded that
underdiagnosis of asthma among GPs is sub-
stantial. Some of the factors that may contribute
to this situation are the GPs’ neglecting to use the
recommended diagnostic codes and/or the fact
that patients do not seek care for their asthmatic
symptoms or are treated by other caregivers (26).

With respect to preschool children, the prob-
lem of underdiagnosis is less extensive, as only
6% of children with probable asthma were not
referred to a pediatrician in our region (11).
However, even if pediatricians adhere to guide-
lines concerning diagnosis of these children it is
still difficult to predict whether a child will have
persistent asthma (27). The rate of remission in
this age group is high, which may to some extent
explain the discrepancies observed here (28).
A WQ may identify previous asthma, as well as
asthma which have not yet been detected clinic-
ally; whereas medical records might more closely
reflect ongoing asthma. Children who were
diagnosed during the first months of 2000 were
not covered in our study of the medical records
which is a weakness with this investigation.

The frequency of visits to outpatient clinics is
relatively constant throughout the preschool
years, probably reflecting the unchanging preval-
ence of asthma in children 2 yr of age and older,
documented in both the DBH WQ and in
medical records study (Tables1 and 2). In
contrast the rate of hospital admissions is very
high during the first years of life and practically
reduced to none by 6 yr of age, in agreement with
other studies (14, 29). This latter pattern can
probably be explained by the more widespread
use of inhaled corticosteroids (ICS) (30).

The response rate to the complementary WQ
sent to the parents of all children who were
asthmatic 1999 according to either their parents’
and/or medical records was acceptable. Recall
bias is, of course, a problem with this type of
retrospective study. However, this problem
should have been the same in all of the groups,
so that we felt justified in comparing the
proportion of positive answers in the different
groups in attempt to obtain clues as to why the
parents had answered the DBH WQ as they did
(Table 5).

Obviously, the parents of the children in the
false-negative group thought that their children
exhibited very mild respiratory problems in 1999
and were not aware that their doctor had
diagnosed their children as asthmatics. In the
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case of the false-positive group another mechan-
ism seems to have been operating. The question
posed in the DBH WQ did not specify whether
the diagnosis was presently valid or made previ-
ously. These children had probably been pre-
scribed asthma medication earlier, which their
parents continued to give them as required
during 1999, without consulting a doctor. The
fact that many patients can treat themselves with
medications prescribed earlier (or even to broth-
ers or sisters) is one important reason for
underdiagnosis of asthma in connection with
analysis of medical records.

In addition, the doctors apparently failed to
make the correct diagnosis in some cases, as one
of four of the false-positive group had been
diagnosed as asthmatics by 2003. With regard to
the group in which the parent-assessed and
clinical diagnoses concurred, as well as non-
responders, the majority of these children were
treated with short-acting beta-2 agonists (SABA)
and ICS and obviously had asthma.

From a clinical point of view it is obviously
important to identify these individuals requiring
treatment for asthma. Those requiring treatment
with ICS constitute a core group of asthmatic
children. Although there is probably a certain
amount of over-treatment with SABA, most
children receiving these drugs (and especially
those who had seen a doctor for wheezing) could
be labeled as asthmatics. On the basis of the
results in Table 5, we suggest that at least 40% of
the false-negative and the false-positive groups
and 80% of the congruent group and the non-
responders were actually asthmatics requiring
treatment. This adds up to 271 children alto-
gether, or 4.4% (95% CI = 3.9-4.9) of the total
study population. Forty-four of these (16%)
children were not identified in the medical
records and this group compensate in part for
the 50 children in the false-negative group,
explaining why assessment of the prevalence of
asthma based on the DBH WQ appears to be
adequate. In addition, among the 1599 children
whose parents did not answer the WQ there were
probably a number receiving anti-asthmatic
treatment who had not visited a doctor during
1999.

In summary, this calculation indicates that in
1999 the prevalence of asthma requiring treat-
ment among Swedish children 1-6 yr of age was
at least 4.4%. This value is in agreement with the
4.9% prevalence arrived at on the basis of
medical records. The prevalence of 5.9% indica-
ted by the responses to the DBH WQ is similar to
that found in the medical records. If children
younger than 2 yr old are omitted the prevalence
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increases. Nearly half of the individual patients
identified using these two approaches differed.
A clinical validation of the applicability of the
ISAAC WQ to preschool children would be of
value for future studies.
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