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Background: Information on the epidemiology of asthma in relation to age is limited and hampered by
reporting error. To determine the change in the prevalence of asthma with age in young adults we
analysed longitudinal data from the European Community Respiratory Health Survey.
Methods: A self-administered questionnaire was completed by 11 168 randomly selected subjects in 14
countries in 1991–3 when they were aged 20–44 years and 5–11 years later from 1998 to 2003.
Generalised estimating equations were used to estimate net change in wheeze, nocturnal tightness in
chest, shortness of breath, coughing, asthma attacks in the last 12 months, current medication,
‘‘diagnosed’’ asthma, and nasal allergies.
Results: Expressed as change in status per 10 years of follow up, subjects reporting asthma attacks in the
previous 12 months increased by 0.8% of the population (95% CI 0.2 to 1.4) and asthma medication by
2.1% (95% CI 1.6 to 2.6), while no statistically significant net change was found in reported symptoms.
Reported nasal allergies increased, especially in the youngest age group.
Conclusions: As this cohort of young adults has aged, there has been an increase in the proportion treated
for asthma but not in the proportion of those reporting symptoms suggestive of asthma. Either increased
use of effective treatments has led to decreased morbidity among asthmatic subjects or those with mild
disease have become more likely to label themselves as asthmatic.

C
ross sectional studies have shown a lower prevalence of
asthma,1 asthma-like symptoms,1 and bronchial
responsiveness2 in early adult life compared with late

childhood. This finding would be expected if remission of
symptoms exceeded the incidence of symptoms in older
subjects or if the cumulative incidence of symptoms was
greater in younger cohorts. Observation of a single cohort
over time allows a detailed description of the natural history
of disease with aging, with no confounding by differences in
cumulative incidence between cohorts.
A comparison of data collected by longitudinal studies is

hampered by the lack of a standardised methodology, with
varying definitions of asthma being used, different age
groups being studied, and variation in the statistical analyses
adopted to generate results. Most of these studies have
calculated incidence and remission rates, each of which is
overestimated in the presence of reporting error. Robust
external or ancillary information on the reliability of the
measuring instrument is required to present unbiased
estimates,3 4 and such information is rarely available. Our
knowledge and understanding of the epidemiology of asthma
within populations as they age is therefore very limited.
We present results from an international longitudinal

study of asthma symptoms in which all participating centres
adopted a common protocol for subject recruitment and
symptom measurement. We report net change in the
symptoms of asthma and hay fever in the cohort, and
investigate the heterogeneity of change across centres and its
relation to age and sex.

METHODS
Study subjects
In ECRHS I participating centres were each selected as an
area defined by pre-existing administrative boundaries with a

population of at least 150 000 people.5 Where possible an up
to date sampling frame was used to select randomly at least
1500 men and 1500 women aged 20–44 years. In stage 1
subjects were sent a questionnaire enquiring about respira-
tory symptoms and attacks of asthma in the last 12 months,
current use of asthma medication, and nasal allergies
including hay fever. A random sample of subjects was
selected to take part in stage 2. Those who had already
responded to stage 1 were invited to answer a more detailed
administered questionnaire and to take part in blood tests,
assessment of lung function by spirometry, and airway
challenge with methacholine. Participants were divided into
age groups according to age at ECRHS I stage 1 (20–24 years,
25–34 years, and 35 years or older).

Study design
Most of the centres that participated in ECRHS I stage 2 have
taken part in ECRHS II.6 Participants in ECRHS I who
responded to stage 2, defined as those who provided at least
data on smoking at stage 2, were eligible for ECRHS II. Only
participants selected for the random sample in ECRHS I are
included. Four centres (in Gemany, The Netherlands and the
USA) were not able to follow up the whole of the eligible
sample and selected a representative subsample. Follow up
took place from 1998 to 2002.
The stage 1 questionnaire, shown in Appendix 1, was

identical in the two surveys. Like ECRHS I, ECRHS II had two
stages but all symptom data were taken from the stage 1
questionnaires for the two surveys.

Analysis of data
Absolute change in symptom status per year of follow up was
estimated using population averaged generalised estimating
equations for a binomial outcome with identity link, with
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participants identified as the clustering factor and length of
follow up as an independent variable, using Stata.7

Differences by sex or between age groups were considered
statistically significant when p,0.01. Estimates by centre
were examined for heterogeneity and combined using
random effects meta-analysis.8 Results are expressed as net
change per 10 years of follow up.

RESULTS
Twenty nine centres carried out stage 1 of ECRHS II. The
response rate was over 60% (table 1) in all except one centre
(Bordeaux), and 75% or more in 19 centres, giving a total of

11 169 participants. The length of follow up varied between
centres because some centres joined ECRHS I late (Tartu) or
carried out ECRHS II stage I early (particularly the Spanish
centres). Hence, although the mean age between centres
varied from 31.2 years (Tartu) to 35.8 years (Portland) at
ECRHS I, it ranged from 36.5 years (Tartu) to 46.4 years
(Caerphilly) at ECRHS II.
The net change in the prevalence of symptoms is shown in

table 2, and also the prevalence at ECRHS I. The prevalence of
symptoms at ECRHS II is not shown because of the variable
length of follow up. The net changes in wheeze with
breathlessness (Q1.1), nocturnal shortness of breath (Q3),

Table 1 Response to ECRHS II stage 1 in random sample

Country Centre

Responded to ECRHS I
stage 2/target for
ECRHS II (where
different)

Responded to
ECRHS II (% of
target)

Median (IQR) length of
follow up (years)

Female
(%)

Mean age of
ECRHS I

Mean age of
ECRHS II

Iceland Reykjavik 563 445 (79.0) 8.38 (8.36 to 8.52) 53.9 33.1 41.7
Norway Bergen 835 658 (78.8) 9.20 (9.19 to 9.24) 50.5 32.0 41.2
Sweden Umea 552 459 (83.2) 8.20 (8.19 to 8.25) 50.3 33.1 41.3

Uppsala 622 513 (82.5) 8.19 (8.16 to 8.23) 52.0 32.4 40.6
Goteborg 682 548 (80.4) 8.17 (8.16 to 8.20) 54.2 32.6 40.8

Estonia Tartu 431 352 (81.7) 5.22 (5.20 to 5.36) 58.8 31.2 36.5
Denmark Aarhus 394 321 (81.5) 7.76 (7.76 to 7.78) 56.1 32.7 40.5
Belgium Antwerp City 564 403 (71.5) 8.59 (8.55 to 8.64) 60.3 32.7 41.3

South Antwerp 558 432 (77.4) 9.34 (9.25 to 9.42) 53.0 33.4 42.7
Germany Hamburg 1252/900 672 (74.7) 9.77 (8.84 to 9.94) 50.3 33.7 43.2

Erfurt 731/715 548 (76.6) 8.74 (8.62 to 8.88) 49.3 33.5 42.2
Netherlands Geleen 415/369 258 (69.9) 10.91 (10.89 to 11.10) 53.9 34.3 45.3
UK Caerphilly 380 263 (69.2) 11.14 (10.97 to 11.63) 58.9 35.2 46.4

Norwich 473 408 (86.3) 7.77 (7.53 to 8.04) 59.8 33.3 41.1
Ipswich 448 389 (86.8) 7.42 (7.27 to 7.77) 56.3 33.3 40.9

Switzerland Basel 853/852 513 (60.2) 10.24 (10.08 to 10.32) 52.2 33.4 43.6
France Bordeaux 544 167 (30.7) 9.64 (9.40 to 9.88) 46.1 32.6 42.2

Paris 651 493 (75.7) 8.49 (7.86 to 8.62) 54.4 35.6 44.2
Grenoble 473 417 (88.2) 10.04 (9.81 to 10.26) 46.8 34.9 44.8
Montpellier 456 285 (62.5) 7.33 (6.73 to 8.38) 49.1 35.7 43.2

Spain Oviedo 357 310 (86.8) 6.86 (6.66 to 7.11) 50.6 33.9 40.8
Galdakao 486 429 (88.3) 7.02 (6.82 to 7.40) 50.3 31.6 38.7
Barcelona 392 314 (80.1) 7.28 (6.94 to 7.52) 58.9 32.5 39.8
Albacete 435 393 (90.3) 6.92 (6.70 to 7.21) 53.7 31.7 38.6
Huelva 271 223 (82.3) 6.89 (6.43 to 7.43) 52.9 32.3 39.2

Italy Verona 342 254 (74.3) 7.80 (7.75 to 8.12) 48.8 32.9 40.8
Pavia 310 288 (92.9) 7.39 (7.08 to 7.59) 48.3 34.4 41.7
Turin 244 176 (72.1) 6.94 (6.72 to 7.49) 51.1 33.2 40.4

USA Portland 731/380 238 (62.6) 8.01 (7.74 to 8.17) 55.5 35.8 43.8
Total target 14679 11169 (76.1) 52.9 33.3 41.7

IQR = interquartile range.

Table 2 Net change in asthma symptoms and medication per 10 years of follow up, estimated by generalised estimating
equations and combined by random effects meta-analysis across centres

Question
(see Appendix 1)

No of
centres

No of
participants

Prevalence (%) in
ECRHS I in responders
to ECRHS II

Change (95% CI)
in prevalence (%)

p value for
change

p value for
heterogeneity

Q1: Wheeze 29 11086 20.3 20.9 (21.9 to 0.2) 0.122 0.129
Q1.1: Wheeze with
breathlessness

29 10991 9.9 0.3 (20.3 to 0.9) 0.367 0.491

Q1.2: Wheeze without
a cold

29 11029 12.2 0.2 (20.8 to 1.1) 0.767 0.029

Q2: Woken with chest
tightness

23 9093 12.8 0.0 (21.3 to 1.3) 0.967 0.003

Q3: Woken with shortness
of breath

28 10746 5.8 0.2 (20.4 to 0.8) 0.449 0.424

Q4: Woken by attack of
coughing

21 8686 27.8 21.2 (22.7 to 0.3) 0.122 0.090

Q5: Attack of asthma 29 11064 3.4 0.8 (0.2 to 1.4) 0.011 0.006
Q6: Current medication 29 11083 3.7 2.1 (1.6 to 2.6) ,0.001 0.286
Q5 or Q6*: ‘‘Diagnosed
asthma’’

29 11017 4.9 2.2 (1.6 to 2.9) ,0.001 0.037

Q7: Nasal allergies 23 8955 25.0 3.7 (2.8 to 4.5) ,0.001 0.522

95% CI = 95% confidence interval.
*A positive response to either of the questions.
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and nocturnal coughing (Q4) were not statistically significant
(p.0.1). No heterogeneity between centres in any of these
outcomes was detected (p.0.05).
There was no evidence for any overall net change in

nocturnal tightness in the chest (Q2), but net change varied
between centres (p=0.003) with some showing a net
increase and others a net decrease. There was no overall
net change in wheeze without a cold (Q1.2) but there was
weak evidence for heterogeneity (p=0.029).
Overall, there was an increase in the prevalence of asthma

attacks in the last 12 months (Q5) (p=0.011). The net
changes were not consistent between centres (heterogeneity
p=0.006). This was largely, but not entirely, due to a
decrease in Turin (fig 1). Including Turin, there was an
overall net increase of 0.8% in the population reporting
attacks of asthma (95% CI 0.2 to 1.4), table 2. There was a net
increase of 2.1% (95% CI 1.6 to 2.6) of the population taking
medication for asthma (Q6) which did not show hetero-
geneity between centres (p=0.29). When the responses to
these two questions were combined (‘‘diagnosed asthma’’),
the net increase was 2.2% (95% CI 1.6 to 2.9). Reported
‘‘nasal allergies including hay fever’’ (Q7) showed a net
increase (p,0.001); no heterogeneity was detected between
centres.

Table 3 shows the net change for men and women
separately. There was weak evidence for a greater change in
‘‘diagnosed asthma’’ in women than in men (p=0.041) but,
in view of the large number of comparisons and chosen
criterion for significance, this may be a chance finding. No
other difference in net change was close to statistical
significance. In table 4 the results are stratified by age group.
There was strong evidence for a difference in net change in
reported ‘‘nasal allergies including hay fever’’ by age
(p=0.005), with the group aged 20–24 years having a
greater net increase than the older groups. There was weak
evidence for a difference in nocturnal chest tightness (Q2,
p=0.025) with a greater net increase in the youngest age
group.
There was little net change in ‘‘untreated asthma’’ (those

reporting asthma attacks but no use of medication), a net
increase of 0.2% (95% CI 20.1 to 0.5) per 10 years (p=0.26),
although there was some evidence (p=0.012) for an increase
in women (0.6% (95% CI 0.1 to 1.0) per 10 years) but not in
men (20.3% (95% CI 20.7 to 0.2).

DISCUSSION
This first multicentre international comparison has shown
net increases in reported asthma attacks and use of asthma
medication in a cohort of young adults studied an average of
eight years apart during the 1990s. However, there was no
corresponding change in the 12 month period prevalence of
wheeze, chest tightness, or waking with breathlessness or
with cough, each of which are symptoms that clinicians
would recognise as being related to asthma. An increase in
reported nasal allergies was observed that was independent
of sex but was greater in the youngest age group.
The assessment of symptoms in epidemiological studies

and, to a lesser degree, in the clinical setting is not free from
measurement error.9 In longitudinal studies this error at
baseline and follow up leads to biased estimates of incidence
or remission. For this reason we reported the net change in
symptom status in the ECRHS as a less misleading descrip-
tion of natural history, even though clinicians may prefer to
see information that indicates the rate at which previously
disease free subjects become symptomatic (incidence) and
the rate at which diseased people become asymptomatic
(remission). Our results clearly indicate that, while there was
no evidence for either an increase or decrease in the
proportion of subjects reporting symptoms suggestive of
asthma, there are increases in the proportion of participants
reporting an asthma attack in the previous 12 months and

Table 3 Net change in asthma symptoms and medication per 10 years of follow up by sex, estimated by generalised
estimating equations

Question
(see Appendix 1)

Men Women

p value for
difference
between men
and women

Prevalence (%)
in ECRHS I in
responders
to ECRHS II

Change (95% CI) in
prevalence (%)

p value for
change

Prevalence (%)
in ECRHS I in
responders
to ECRHS II

Change (95% CI) in
prevalence (%)

p value for
change

Q1 21.1 20.3 (22.1 to 1.4) 0.694 19.6 21.2 (22.8 to 0.3) 0.126 0.353
Q1.1 9.5 0.7 (20.4 to 1.7) 0.210 10.2 20.1 (21.0 to 0.8) 0.825 0.155
Q1.2 13.3 0.6 (21.0 to 2.1) 0.745 11.3 20.3 (21.6 to 1.0) 0.681 0.393
Q2 10.8 0.8 (20.7 to 2.2) 0.289 14.6 20.5 (22.0 to 1.1) 0.564 0.246
Q3 5.2 20.1 (20.9 to 0.7) 0.800 6.3 0.3 (20.6 to 1.2) 0.489 0.687
Q4 20.9 20.1 (20.03 to 2.6) 0.939 33.9 22.3 (24.2 to 20.5) 0.011 0.120
Q5 3.1 0.5 (20.1 to 1.2) 0.094 3.6 0.9 (0.2 to 1.6) 0.011 0.201
Q6 3.3 1.9 (1.1 to 2.7) ,0.001 4.0 2.5 (1.8 to 3.2) ,0.001 0.525
Q5 or Q6* 4.7 1.8 (1.1 to 2.6) ,0.001 5.2 2.4 (1.6 to 3.3) ,0.001 0.041
Q7 24.1 3.4 (2.0 to 4.8) ,0.001 25.8 3.7 (1.7 to 5.7) ,0.001 0.806

95% CI = 95% confidence interval.
*A positive response to either of the questions.
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Figure 1 Net change in asthma attacks in last 12 months (with 95%
confidence interval) by centre. The area of each square is proportional to
the reciprocal of the variance of the estimate for the centre. The
combined random effects estimate is shown by the dashed line, the
diamond having the width of its 95% confidence interval.
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large increases in the use of medication for asthma. This
pattern was observed in most but not all centres.
Although there was some evidence of participation bias, we

do not think this explains our findings. Looking at
responders to ECRHS II as a whole, there was no evidence
of greater participation in ECRHS II by those reporting
asthma attacks in ECRHS I. The prevalence of asthma attacks
at ECRHS I in those selected for the random sample, but not
participating in ECRHS II, was 3.4% as in responders
(table 2). Examination of this centre by centre showed that,
in Montpellier, Paris and Turin, responders to ECRHS II
reported significantly more asthma attacks in ECRHS I than
non-responders (6.0% v 3.3%, 6.1% v 3.6%, 8.0% v 3.5%,
respectively) and in Geleen significantly less (0.8% v 3.2%).
As shown in fig 1, Turin is an outlier in respect of change in
‘‘asthma’’, showing a net decrease of 8.0% in ‘‘asthma’’
compared with an overall increase of 0.8%, but it is unlikely
that this large deviation is explained by the difference in
participation.
The observed changes might be expected if at follow up

subjects with disease were more likely to interpret and report
their symptoms as ‘‘asthma attacks’’ and to be treated with
effective asthma therapies, or if changes in diagnostic
threshold have led to people with mild disease being more
likely to be diagnosed and treated for asthma. This may have
occurred because the cohort was older (aging effects) or
because there were substantial changes in the diagnosis and
management of asthma in the communities during the 1990s
(period effects), or because of a combination of both aging
and period effects.
Health service consultation rates are in general higher in

older age groups and, even if the primary reason for a
consultation is unrelated to respiratory symptoms, it may
lead to increased opportunities for physicians to assess
respiratory status and diagnose asthma. Alternatively, as
people age they may be less likely to tolerate symptoms and
more likely to seek diagnosis and treatment for relatively
mild disease. There is some work to suggest that this is not
the case and that perception of bronchoconstriction decreases
with age.10 However, this hypothesis clearly warrants further
investigation and, within the ECRHS II, information has been
collected on markers of disease severity and on types and
dosages of medication used from subjects who agreed to take
part in an extended interview. These data are not available
for all the subjects included in this analysis but information
on an additional non-random sample of subjects sympto-
matic at baseline will be available.
Since the 1980s doctors have been encouraged to diagnose

wheezy illness as asthma and to treat it.11 Some repeated
cross sectional surveys have shown that the prevalence of
reported ‘‘asthma’’ has increased more rapidly than the
increase in reported symptoms.12–14 Two cross sectional
studies of adults aged 20–44 years had a design the same
as or close to that of ECRHS I. One of these found no change
in the prevalence of asthma attacks but a decrease in
shortness of breath,15 while the other showed varying
increases in reported symptoms and diagnosed asthma but
a decrease in bronchial responsiveness.16 A cohort study
which also reported net change found greater increases in
symptoms (especially wheeze) than in doctor diagnosed
asthma, although participants were aged up to 70 years.17

While our method of analysis precludes estimation of
remission and incidence separately, we are able to identify
differences in change between subgroups. Within our cohort
there was no evidence of differences in asthma symptoms,
asthma diagnosis, or asthma treatment between men and
women or between different age groups. Much of the
reported literature has suggested an increased ‘‘incidence’’
in adult women compared with men,18–21 and there was weak
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evidence of a greater net change in ‘‘diagnosed asthma’’ in
women (p=0.041) although not in asthma attacks or
medication alone.
We have shown that there is a greater net increase in

reported nasal allergies in the youngest age group than in the
other age groups. In a single longitudinal study it is not
possible to be certain whether such an observation is
explained by biological changes occurring at particular ages
or by factors occurring earlier in life that make this younger
cohort more susceptible to the development of disease.
However, the differences in net change between age
groups—with the youngest age group showing three times
that of the oldest age group—are large in relation to the
differences in prevalence at baseline (26% in the youngest
age group and 24% in the oldest age group), which suggests a
possible cohort effect on incidence. Two longitudinal studies
each found an age related increase in positive skin prick tests
over time with the greatest increase in young adults,22 23 but
one study showed no corresponding age related change in
total IgE.22 No other age related association with change was
detected in the ECRHS.
In summary, we have shown that populations of young

adults reported greater use of asthma medication and more
asthma attacks as they aged during the 1990s. Surprisingly,
these same populations reported no associated change in
respiratory symptoms suggestive of asthma. This mismatch
may be explained by age or period effects in the diagnosis and
management of asthma that has led to increased labelling of
mild disease or by increased use of medication in these
populations. Increases in hay fever and nasal allergies were
also observed with much greater changes being seen in the
younger cohorts.
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APPENDIX 1: QUESTIONS IN THE ECRHS
SCREENING (STAGE I) QUESTIONNAIRE

1. Have you had wheezing or whistling in your chest at any
time in the last 12 months? If ‘‘no’’ go to question 2, if
‘‘yes’’:

1.1. Have you been at all breathless when the wheezing
noise was present?

1.2. Have you had this wheezing or whistling when you
did not have a cold?

2. Have you woken up with a feeling of tightness in your
chest at any time in the last 12 months?

3. Have you been woken by an attack of shortness of
breath at any time in the last 12 months?

4. Have you been woken by an attack of coughing at any
time in the last 12 months?

5. Have you had an attack of asthma in the last
12 months?

6. Are you currently taking any medicine (including
inhalers, aerosols or tablets) for asthma?

7. Do you have any nasal allergies including hay fever?

In ECRHS I questions 2, 3 and 7 were omitted or had
different wording in the Danish questionnaire. In ECRHS II
questions 2, 4 and 7 were omitted in the Spanish
questionnaire, question 4 in the Italian questionnaire.
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